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Abstract. Problem definition: Projects are often initiated by a single person—a principal— 
who then decides whether to form a team by sharing project value with an agent. We ask the 
following: When does a principal form a team, and which operating mode emerges in 
equilibrium—single execution by the principal, delegated execution to the agent, or joint exe
cution? Methodology/results: We consider a coproductive principal-agent model with endog
enous team formation. In the second best, joint execution is less frequent than optimal, 
whereas both single and delegated execution are chosen too much. With a linear contract, com
mon with nonfinancial output (credits, coauthorship) or in entrepreneurial ventures, there is 
too much single execution; that is, the principal does not form a team often enough, and there 
is either too little joint execution when one of the workers has low productivity or too little del
egation otherwise. Overall, the inefficiency in project execution (due to moral hazard) appears 
less severe than the inefficiency in the principal’s team formation decision (due to project 
hoarding). Managerial implications: Managerial under-delegation fundamentally stems from 
project hoarding; that is, principals do not partner enough. When principals choose to form a 
team, they then might delegate too much; paradoxically, this happens when agents have low 
productivity. Although the existing literature focuses on eliciting agent effort for a given oper
ating mode, our analysis suggests the decision to form a team (or not) is a more critical issue.
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1. Introduction
Many projects, be they research or innovation projects, 
entrepreneurial ventures, or service provisions, are often 
initiated by a single person—a principal—who then deci
des whether to form a team by partnering with someone 
else—an agent—and if so, how to share the project value. 
Then, depending on the principal’s and the agent’s 
respective incentives, efforts are exerted simultaneously 
and noncooperatively, leading to the emergence of one 
of the following three operating modes: single execution 
by the principal (SE), delegated execution to the agent 
(DE), or joint execution (JE). Which operating mode 
emerges in these coproductive dynamics?

Such coproductive dynamics arise in a variety of set
tings in operations management (OM). For instance, 

entrepreneurs often need to decide whether to pursue 
growing their venture alone or to partner with some
one else (Kamm and Nurick 1993, de Bettignies 2008, 
Yoo et al. 2016), such as venture capitalists (Berge
mann and Hege 1998, Casamatta 2003). Innovation 
projects can be conducted by sole inventors or teams 
(Wuchty et al. 2007, Kavadias and Sommer 2009, Singh 
and Fleming 2010, Chan et al. 2021). Services can be 
executed as self-services, completely outsourced, or 
coproduced by a service provider and a client (Vargo 
and Lusch 2004; Roels 2014; Bellos and Kavadias 2019, 
2021). Supply chain management involves outsourcing 
and subcontracting (Van Mieghem 1999, Baiman et al. 
2000) and collaborations (Corbett and DeCroix 2001, 
Corbett et al. 2005, Bhaskaran and Krishnan 2009, Kim 
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and Netessine 2013). Collaboration is also ubiquitous 
within organizations (Alchian and Demsetz 1972, Bonatti 
and Hörner 2011) and often arises organically, for exam
ple, in self-managed teams (Lee and Edmondson 2017). 
Coproductive organizational settings are going to be 
even more salient with the development of agentic 
artificial intelligence (AI) (Bastani and Cachon 2025, 
Fügener et al. 2026) with “billions of agents inside of 
every company, and across every imaginable field.”1 At 
numerous touchpoints in cross-functional processes, 
human workers may need to decide how to collaborate 
with agents equipped with commercial objectives, self- 
driven marketing, self-fundraising, and self-governance 
capabilities.2

1.1. Model Setup
We extend in two ways the canonical principal-agent 
(PA) model with moral hazard, that is, unobservable 
efforts. First, we allow the principal to contribute to the 
execution of the project, either with the agent (JE) or 
alone (SE). Second, we study the genesis of teams by 
endogenizing the principal’s team formation decision. 
We refer to the sequential decisions of team formation 
and effort execution as “coproductive dynamics.”

Our stylized model is characterized by two sources 
of inefficiency: (i) the single or double moral hazard 
associated with effort execution within an operating 
mode, which has been the focus of the PA literature 
(Holmström 1979) under DE and the team production 
(TP) literature (Holmström 1982) under JE; and (ii) the 
lack of control over the principal’s decision to form a 
team—another form of moral hazard—resulting in a 
potentially inefficient operating mode.

We characterize the coproductive dynamics in three 
settings: (i) in the first best (FB), when the objective is 
to maximize the total value net of the effort costs; (ii) 
in the second best (SB), when the principal offers a 
two-part tariff, requiring the agent to pay the princi
pal for the agent’s equity share, as often happens in 
franchises (Bhattacharyya and Lafontaine 1995), joint 
ventures (Sampson 2007), and venture capital (Berge
mann and Hege 1998, Casamatta 2003); and (iii) when 
the principal offers a linear (i.e., proportional) output- 
sharing contract to the agent (e.g., coauthorship, credit 
on a common project, patent ownership) without 
receiving a fixed payment in return, with weight 
assigned depending on prominence or recognition 
(e.g., first versus second author), as often happens 
when financial transfers are uncommon or impossible.

1.2. Research Questions
We investigate the following research questions: 
• How do the coproductive dynamics with a linear 

contract differ from the FB and SB?
• Does the possibility of coproduction always bene

fit the principal?

• What is the most severe source of inefficiency: the 
moral hazard associated with effort execution or the 
principal’s endogenous decision to form a team?

1.3. Results
We obtain the following results. First, we compare the 
equilibrium coproductive dynamics with a linear con
tract to the FB and SB benchmarks. In the FB, JE is 
optimal when the degree of effort substitutability is 
low and the workers have similar productivities. Oth
erwise, the optimal choice between DE and SE fully 
relies on allocating work to the most productive party. 
The SB coproductive dynamics are similar to the FB, 
with too much SE and DE and too little JE, because 
only JE is subject to moral hazard. With a linear (i.e., 
proportional) output-sharing rule, there is too much 
SE compared with the FB because the principal can 
create and capture the full value whenever SE is the 
FB operating mode. There might be too little JE, like in 
the SB, but this time only when one of the workers 
has low productivity. Otherwise, there may be too lit
tle DE. Also, greater effort substitutability no longer 
implies less JE, unlike the FB and SB.

Second, we find that the coproductive nature of the 
task, despite being beneficial in the FB by offering 
flexibility to shift work to the most productive party, 
may hurt the principal. In particular, the principal 
may benefit from having a higher cost of effort, to 
commit not to engage in JE, thus having more free
dom in setting the agent’s incentives under DE. This 
is reminiscent of the value of commitment in indus
trial organization (Fudenberg and Tirole 1984) and 
project selection (Aghion and Tirole 1997).

Finally, we find that the loss associated with the 
principal’s endogenous team formation—resulting in 
an inefficient operating mode—can be much more 
severe than the loss associated with the decentralized 
effort execution. Specifically, the total value under a 
linear output-sharing agreement may sharply decline 
as the degree of effort substitutability increases, unlike 
the FB and SB total values, which are increasing in 
it. This drop arises when the principal engages in 
project hoarding (SE) even if a team is (FB or SB) opti
mal. Hence, although the PA and TP literatures have 
focused on incentives in effort execution, the team for
mation decision appears to be more critical.

In Section EC.2 of the Online Appendix, we con
sider a setting where the principal can freely commit 
to an effort level before the agent chooses theirs. The 
coproductive dynamics turn out to be very similar to 
the case where efforts are chosen simultaneously, 
with slightly less project hoarding by the principal. 
However, the principal benefits in this case from the 
coproductive nature of the task because they can con
trol whether to engage in JE by committing to their 
effort before the agent.
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1.4. Implications
The problem of managerial under-delegation should 
really be framed as stemming from project hoarding, 
that is, principals partnering too little. When they do, 
they may in fact delegate too much; this arises, para
doxically, when agents exhibit low productivity. Con
versely, they may engage too much in joint execution 
rather than delegating the execution entirely to the 
agent, when—again counterintuitively—the agent is 
highly productive. Our model calls for more research 
on devising mechanisms to entice principals to refrain 
from hoarding and instead form teams. Our stylized 
model should serve as a cautionary tale for the devel
opment of agentic AI, predicting that human workers 
may under-use AI agents to retain all the project value 
for themselves, either financial (e.g., crypto-currency 
allocated to AI agents) or nonfinancial (recognition). 
Also, if human workers use AI agents, human-AI col
laboration is far from guaranteed, despite the ubiquity 
of this operating mode in the managerial and manage
ment research literatures.

2. Literature Review
We contribute to three interconnected streams of liter
ature: the literature on PA models, the literature on 
TP, and the literature on task allocation. We conclude 
this section with an overview of affine and linear con
tractual arrangements.

2.1. Principal-Agent Models
The PA literature typically assumes that an agent has 
been hired by a principal to execute a task (Holmström 
1979); that is, it implicitly assumes that DE is adopted. 
PA models have been enhanced in numerous ways, 
including risk aversion, multiple tasks (Holmström 
and Milgrom 1991), information asymmetry, and 
sequential decision making (Winter 2004). PA models 
have been applied to various OM settings, for exam
ple, for supply chain contracting (Cachon 2003). Stick
ing to a one-task, full-information, risk-neutral case, 
we take a step back from these models and investigate 
team genesis in a coproductive setting, allowing the 
principal to contribute either alone (SE) or jointly with 
the agent (JE).

2.2. Team Production
TP involves peers contributing to a common output 
and sharing some equity, resulting in double moral 
hazard in the absence of a third party who can collect 
the project’s net surplus without contributing to it, 
called a “budget breaker” (Holmström 1982, Kim and 
Wang 1998). In most cases, TP models implicitly 
assume that JE is adopted. Given the increased preva
lence of teamwork in organizations, this stream has 
recently expanded, studying collaborative dynamics 

(Siemsen et al. 2007, Bonatti and Hörner 2011, Geor
giadis 2014, Georgiadis et al. 2014, Rahmani et al. 
2017, Crama et al. 2019) and innovation (Wuchty et al. 
2007, Jones 2021, Candoğan et al. 2025) within an orga
nizational context. In addition, research on collabora
tion or coproduction across organizations has recently 
thrived, not only in service management (Vargo and 
Lusch 2004), but also in franchising (Bhattacharyya 
and Lafontaine 1995), joint ventures (Sampson 2007), 
entrepreneurship (Bergemann and Hege 1998, Casa
matta 2003), supply chains (Corbett and DeCroix 2001, 
Kim and Netessine 2013), quality management (Bai
man et al. 2000), and new product development (Bhas
karan and Krishnan 2009).

We make two contributions to this literature. First, 
we adopt a generic perspective on value coproduc
tion, demonstrating the robustness of many insights 
obtained in the literature with more specific value 
functions, such as additive (Karmarkar and Pitbladdo 
1995, Bhaskaran and Krishnan 2009, Yoo et al. 2016, 
Bellos and Kavadias 2019), multiplicative or Cobb- 
Douglas (Wang and Zhou 2004, Roels et al. 2010, Kim 
and Netessine 2013, Crama et al. 2017, Andritsos and 
Tang 2018), constant elasticity of substitution (CES) 
(Bhattacharyya and Lafontaine 1995, Roels 2014, Rah
mani et al. 2018, Candoğan et al. 2025), and convex com
bination of minimum and maximum functions (Dong 
et al. 2025). In our characterization of the equilibrium 
coproductive dynamics, we consider a more specialized 
coproductive value function, imported from decision 
analysis (Keeney and Raiffa 1976), but still generalizing 
the additive and multiplicative cases among others. Sec
ond, and more importantly, we endogenize the team 
formation decision, which must precede the develop
ment of any coproductive relationship.

2.3. Task Allocation
In contrast to the PA and TP models, which focus on 
effort exertion within an operating mode, other mod
els consider the choice across operating modes, 
although it is often restricted to a dichotomous selec
tion between SE and DE. In particular, the literature 
on property rights (Grossman and Hart 1986) studies 
who, between a principal and an agent, should own a 
key productive asset. Similarly, the literature on dele
gation analyzes who should make a critical decision 
about a project (Aghion and Tirole 1997, Prendergast 
2002). In particular, Prendergast (1995) shows analyti
cally that managers tend to delegate too few tasks and 
spend too much effort on their tasks, whereas agents 
spend too little effort on theirs. Such task allocation 
models have been widely studied in OM applications, 
including outsourcing or subcontracting (Van Mie
ghem 1999, Bhaskaran and Krishnan 2009), service 
provision (Bellos and Kavadias 2019, 2021), task dele
gation by an entrepreneur (Yoo et al. 2016), effort 
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provision in new ventures (de Bettignies 2008), and 
research and development (R&D) licensing (Xiao and 
Xu 2012). In multitask extensions of these models, Itoh 
(2001), Hagiu and Wright (2019), and Bellos and Kava
dias (2019, 2021) investigate how to allocate a subset 
of tasks between a principal and an agent. We differ 
from the task allocation literature in two ways. First, 
this literature considers some form of ex ante alloca
tion of property or decision rights, whereas we assume 
here that workers are free to exert effort or not. Thus, 
operating modes cannot be enforced, but instead must 
emerge in equilibrium; in particular, DE may not be 
achievable if the principal wants to contribute. Second, 
this literature generally ignores the possibility of JE, 
limiting the task allocation between DE and SE.

2.4. Affine and Linear Contracts
Both the PA and TP streams of literature consider 
affine and linear contracts due to their prevalence in 
practice. In the PA literature, Holmström and Milgrom 
(1987) show that affine contracts are asymptotically 
optimal, and Carroll (2015) shows they are robust. 
Bhattacharyya and Lafontaine (1995) and Kim and 
Wang (1998) show they are also optimal in a coproduc
tive PA relationship, and Nandeibam (2002) estab
lishes that they naturally emerge in TP. Such affine 
contracts are indeed common in profit-sharing firms 
and partnerships as described by Alchian and Dem
setz (1972) in their typology of firms.

When fixed-fee transfers are not allowed, linear (i.e., 
proportional) output-sharing contracts are in general 
not optimal. However, they are convenient and widely 
adopted in practice. For instance, Gaynor and Gertler 
(1995) report their wide adoption in medical group 
practices. Cachon and Lariviere (2005) study the perfor
mance of such “revenue-sharing” contracts in vertical 
supply chains, whereas Chi (1996) and Marinucci (2009) 
study the effort dynamics associated with such “equity” 
contracts in horizontal joint ventures. Linear contracts 
are common in settings where financial transfers are not 
allowed (e.g., patent ownership, coauthorship, movie 

credits), as is common within organizations, similar to 
Bonatti and Hörner (2011), Georgiadis (2014), and Geor
giadis et al. (2014).

3. Model
We first present the game formulation (Section 3.1), 
then discuss the different roles played by the principal 
and the agent (Section 3.2), and explain our modeling 
assumptions (Section 3.3). Finally, Section 3.4 outlines 
how we model the degree of effort substitutability.

3.1. Game Formulation
The game consists of two stages, depicted in Figure 1. 
In a team formation stage, the principal chooses whether 
to partner with an agent, and if so, how to share the pro
ject value with them. Then, in an execution stage, efforts 
are exerted, simultaneously and noncooperatively.

Let x and y denote the principal’s and the agent’s 
percentage of time commitment to the execution of 
the project, or effort, lying in [0, 1], and assumed to 
be unobservable. We have SE if x > 0 and y � 0, DE if 
x � 0 and y > 0, and JE if x > 0 and y > 0.

Let V(x, y) denote the expected project output, or 
value, by default fully captured by the principal. Assum
ing linear costs of effort (without loss of generality, as 
discussed in Section 3.3.3), let cx > 0 and cy > 0 denote, 
respectively, the principal’s and the agent’s unit costs of 
effort.

As a benchmark, consider the problem of maximiz
ing the total net value, which we refer to as the FB 
solution:

max
x∈[0, 1], y∈[0, 1]

V(x, y)� cxx� cyy: (1) 

Consider now the decentralized game, restricting 
our attention to contracts that are either affine (Section 
6) or linear (Section 7) in V(x, y). Let α ∈ [0, 1] be the 
principal’s residual share of output. The principal 
forms a team if and only if α < 1. In case of nonfinancial 
output share, α captures the prominence or recognition 
(e.g., first versus second author); for simplicity, we 
assume it to be continuous, as is the case for patents 

Figure 1. Timeline 
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(Kaptay 2020) and venture equity. Let f be the fixed 
transfer payment, positive when it is from the agent to 
the principal and negative otherwise. Under a linear 
contract, f � 0.

In the team formation stage, the principal chooses 
the contract that maximizes their payoff, anticipating 
the equilibrium efforts chosen in the execution stage 
and subject to the agent’s participation constraint, 
assuming a null reservation utility:

max
α∈[0, 1], f

Π(α, f ) �: αV(x∗(α), y∗(α))� cxx∗(α) + f , (2) 

s:t: x∗(α) ∈ arg max
x∈[0, 1]

αV(x, y∗(α))� cxx, (3) 

y∗(α) ∈ arg max
y∈[0, 1]

(1� α)V(x∗(α), y)� cyy, (4) 

(1� α)V(x∗(α), y∗(α))� cyy∗(α)� f ≥ 0: (5) 

Because the fixed fee f does not affect the equilibrium 
efforts, it is omitted in the equilibrium formulation of 
the execution stage in (3) and (4). In the case of multi
ple equilibria, the principal is assumed to select the 
one that they prefer.

The characterization of equilibrium efforts for a 
given output share α will follow a similar characteri
zation as the FB solution, because the FB efforts from 
(1) with inflated costs cx=α and cy=(1� α) solve (3) and 
(4). In both cases, we generically refer to SE and DE as 
“solo” modes and JE as “duo” mode. Accordingly, we 
will denote by xS the principal’s solo effort (under SE), 
by yS the agent’s solo effort (under DE), and by 
(xD, yD) their respective duo efforts (under JE).

3.2. Roles
What distinguishes the principal from the agent? The 
principal is the project initiator; for instance, the princi
pal can be at the origin of the idea of the venture, have 
secured its initial financing, or own a proprietary tech
nology or legal rights. Accordingly, they have a resid
ual claim on its value. As formalized by the property 
rights literature (Grossman and Hart 1986, Holmström 
and Milgrom 1994) and the TP literature (Alchian and 
Demsetz 1972), authority is conferred by the owner
ship of an asset (e.g., the project idea), which gives the 
owner the right to make decisions concerning the use 
of this asset (the right to partner or not and apportion 
rewards). Accordingly, the principal is responsible for 
team formation.

Who executes the project emerges as an equilibrium 
outcome in (3) and (4), which follows from the incentives 
set in the team formation stage (2). This is in contrast to 
the PA literature, which implicitly assumes DE under 
any sharing rule; the TP literature, which assumes JE 
under any sharing rule; and the task allocation literature, 
which assumes that principals can choose how to allo
cate tasks (i.e., between DE and SE) under any sharing 
rule. This departure from the literature stems from the 

combination of two factors: the coproductive nature of 
the value function and the inability, for any party, to 
commit to any particular effort.3

Under SE, there is role concentration given that the 
principal is in charge of both the project initiation and 
its execution. Under DE, there is role specialization 
given that the principal is in charge of the project initi
ation and team formation, whereas the agent is in 
charge of the project execution. Under JE, there is role 
sharing at the level of the project execution.

3.3. Assumptions
We next introduce some restrictions on the value 
function V(x, y) and justify some modeling assump
tions made in the game formulation presented in 
Section 3.1.

3.3.1. Value. The expected value of the project V(x, y)
is assumed to be continuously twice differentiable, 
strictly increasing, and strictly concave in x and y, 
although not necessarily jointly, for any 0 ≤ x, y ≤ 1 
with either x > 0 or y > 0, which we write as (0, 0) <
(x, y) ≤ (1, 1). The value function may not necessarily 
be symmetric. Let V0�

: V(1, 1) denote the project’s 
potential value.

To avoid trivial cases, we assume that efforts are 
strategic substitutes, that is, ∂

2V(x,y)
∂x∂y < 0 for all (x, y). 

Indeed, if they were strategic complements, that is, 
∂

2V(x,y)
∂x∂y > 0 for all (x, y), JE would be the only FB operat

ing mode. (The proof is omitted.)
Our characterization of the coproductive dynamics 

in the FB (Section 4) and SB (Section 6) holds for any 
generic functional form of V(x, y) that satisfies the 
above conditions. This includes the following func
tional form of the value function:

V(x, y) � V0 + ln(kx+ ky+ (1� 2k)xy), (6) 

with 0 < k ≤ 1, or its generalization, for ρ > 0:

V(x, y) � V0 +
(kx+ ky+ (1� 2k)xy)1�ρ� 1

1� ρ if ρ≠ 1,

V0 + ln(kx+ ky+ (1� 2k)xy) if ρ � 1:

8
<

:

In this functional family, the joint effort kx+ ky+ (1�
2k)xy is bilinear, which is a functional form commonly 
used in the decision analysis literature (Keeney and 
Raiffa 1976, section 5.4.1). It specializes to xy when 
k→ 0, (x+ y)=2 when k � 1=2, and x+ y� xy when 
k � 1.

Another possible functional form is the CES func
tion (Bhattacharyya and Lafontaine 1995):

V(x, y) � V0(axk + (1� a)yk)
b
k, 

with 0 < a < 1, k < 1, and 0 < b < k, in which (axk+ (1�
a)yk)

1
k specializes to min{x, y} when k→�∞, xay1�a 
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when k→ 0, ax+ (1� a)y when k � 1, and max{x, y}
when k→∞.

In these two examples, the joint effort functions, 
kx+ ky+ (1� 2k)xy or (axk + (1� a)yk)

1
k, are such that 

efforts become more substitutable when k increases— 
a characteristic we will formalize in Section 3.4. Although 
these two functional families are symmetric, V(x, y)
could be asymmetric.

Our characterization of the coproductive dynamics 
under a linear contract (Section 7) assumes that V(x, y)
is given by (6) for tractability. The proofs of the results 
that consider a generic value function appear in the 
appendix; the proofs of the results that rely on (6) 
appear in Section EC.1 of the Online Appendix.

3.3.2. Boundary Conditions. We assume that ∂V(0, 0)=
∂x→∞ and ∂V(1, 0)=∂x < cx, as well as ∂V(0, 0)=∂y→∞
and ∂V(0, 1)=∂y < cy, to ensure that the project is 
undertaken but that workers never find it beneficial to 
dedicate 100% of their time to it.

3.3.3. Costs of Effort. With linear costs of effort, their 
marginal costs at zero are positive, for any x, y ∈ [0, 1]. 
We make this assumption because, if they were zero 
(e.g., as if effort costs were cxxp and cyyq with p, q > 1), 
JE would be the only FB operating mode (Corbett and 
DeCroix 2001, Corbett et al. 2005). Under the condi
tion that marginal costs at zero are positive, the 
assumption of cost linearity is without loss of general
ity given our abstract representation of V(x, y).

3.3.4. Uncertainty. We assume that uncertainty affects 
the coproductive dynamics only through the project’s 
expected value V(x, y). Uncertainty may impact out
comes by affecting the probability of success of a 
binary outcome (Bonatti and Hörner 2011), for exam
ple, V(x, y) � p(x, y)V0 for some increasing function 
p(x, y) with p(0, 0) � 0 and p(1, 1) ≤ 1, or additively, for 
example, V(x, y) � Eξ[F(x+ y+ ξ)], where ξ is a ran
dom noise and F(:) is an increasing concave function 
(Bhattacharyya and Lafontaine 1995, Bhaskaran and 
Krishnan 2009, Bellos and Kavadias 2021). In the con
text of supply chain collaboration, V(x, y) may repre
sent the expected sales given inputs x and y and a 
random demand ξ. In particular, V(x, y) � E[min{ξ, 
x+ y}] if x and y are perfect substitutes, as it happens 
with partial subcontracting (Van Mieghem 1999), and 
V(x, y) � E[min{ξ,min{x, y}}] if they are perfect com
plements, as it happens in assembly systems (Gerchak 
and Wang 2004).

Given the single-period nature of our model, like 
most seminal PA models (Holmström 1979, 1982; 
Holmström and Milgrom 1987), we do not capture the 
effect of uncertainty resolution on belief updates that 
would be characteristic of a dynamic setting. There is 
also no private information besides the unobservable 

efforts and private costs; that is, we focus on moral 
hazard and leave out the question of adverse selection.

3.3.5. Participation Constraint. Although we explicitly 
model the agent’s participation constraint (5), we 
ignore it in our analysis of the coproductive dynamics 
under a linear contract (7), which is without loss of 
optimality when V0 is sufficiently large. For instance, 
when V(x, y) is given by (6), requiring that

V0 ≥ ln(4 min{cx, cy}(1+ |cy� cx | ))

+
1

1�min
�cx

cy
, cy

cx

� and cx, cy ≥ 1, cx ≠ cy, (7) 

ensures that the principal and the agent earn nonneg
ative payoff in equilibrium (Lemma EC.2 in the 
Online Appendix).

3.4. Degree of Effort Substitutability
We will depict the coproductive dynamics as a func
tion of the value function’s degree of effort substitut
ability, parameterized with k. For instance, a project 
may be more structured or less complex, making divi
sion of labor more appealing. To formalize this defini
tion, we expand the argument set of V(x, y) to formally 
express its dependence on k as V(x, y; k). (The semicolon 
separates the decision variables from the parameters.) 
Similarly, we formalize the potential dependence of the 
solo efforts xS and yS (defined at the end of Section 3.1) 
on k as xS(k) and yS(k). With this notation, and assum
ing differentiability, we define parameter k as reducing 
the marginal return of a worker who does: not exert 
effort, whereas the other does:

d
dk

∂V(x, y; k)
∂y

�
�
�
�
(x, y)�(xS(k), 0)

 !

≤ 0 and

d
dk

∂V(x, y; k)
∂x

�
�
�
�
(x, y)�(0, yS(k))

 !

≤ 0: (8) 

The parameter k in the symmetric functional forms of 
the joint effort functions (bilinear, CES) presented in 
Section 3.3.1 satisfies this definition.

4. First-Best Solution
Our first benchmark is the FB solution (1). Because its 
objective function is continuous and the feasible set is 
bounded, Weierstrass’s theorem guarantees the exis
tence of an optimal solution, which we denote by 
(xFB, yFB).

4.1. Efforts in Each Operating Mode
We consider the following three candidates for local 
maxima of (1) and specify the conditions under which 
they satisfy the Karush-Kuhn-Tucker conditions, that 
is, are critical points: 

Roels et al.: Frontiers in Operations: Coproductive Principal-Agent Dynamics 
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• SE:(x̄S, 0), in which x̄S solves ∂V(x, 0)=∂x � cx; it is a 
critical point if ∂V(x̄S, 0)=∂y ≤ cy;
• DE:(0, ȳS), in which ȳS solves ∂V(0, y)=∂y � cy; it is 

a critical point if ∂V(0, ȳS)=∂x ≤ cx;
• JE:(x̄D, ȳD), which solves ∂V(x, y)=∂x � cx and ∂V(x, y)=

∂y � cy; it is a critical point if x̄D > 0, and ȳD > 0.
The values x̄S, ȳS, x̄D, and ȳD are uniquely defined 

given that V(x, y) is coordinate-wise strictly concave 
and has a negative cross derivative.4 When V(x, y) is 
given by (6), (A.1) provides the closed-form expres
sions of these candidates for local maxima. The bound
ary conditions in Section 3.3.2 ensure that 0 < x̄S, 
ȳS < 1; also, (i) if ȳD > 0, then x̄D < x̄S, and (ii) if x̄D > 0, 
then ȳD < ȳS. Although the second-order optimality 
conditions are automatically satisfied at (x̄S, 0) and 
(0, ȳS), if they are critical, they may not be so at (x̄D, ȳD), 
which may just be a saddle point (Lemma B.1) given 
that V(x, y) is not necessarily jointly concave.

4.2. Which Operating Modes Emerge
The next proposition characterizes which operating 
modes emerge in the FB solution in the (k, cx) space, 
keeping cy constant, and is illustrated in Figure 2 (right) 
with a specific example. The characterization relies on 
the definition of three curves, sketched in Figure 2 (left).

Proposition 1. For any cy, there exist functions C̄S(k), 
C̄D(k), and C̄SD(k), such that C̄′S(k) ≥ 0, C̄′D(k) ≤ 0, and 
max{C̄S(k), C̄D(k)} ≥ C̄SD(k) ≥min{C̄S(k), C̄D(k)}, delineat
ing the FB operating modes as follows: 
• SE with (xFB, yFB) � (x̄S, 0) if cx ≤ C̄S(k) and cx ≤

C̄SD(k);
• DE with (xFB, yFB) � (0, ȳS) if cx ≥ C̄D(k) and cx ≥

C̄SD(k);
• JE with (xFB, yFB) � (x̄D, ȳD) if C̄S(k) < cx < C̄D(k).

When V(x, y) � V(y, x) for all (x, y), C̄SD(k) � cy.

As depicted in Figure 2 (left), the FB operating modes 
can be characterized by three curves: an increasing 
curve C̄S(k), a decreasing curve C̄D(k), and a curve C̄SD(k)
that lies between the former two; all three curves inter
sect at the same point. The FB operating mode is SE for 
any point that lies below both C̄S(k) and C̄SD(k), DE for 
any point that lies above both C̄D(k) and C̄SD(k), and JE 
otherwise. Given that C̄S(k) is increasing and C̄D(k) is 
decreasing, JE tends to dominate when the degree of 
effort substitutability k is low and when the workers 
have similar productivity. If JE does not occur, the 
choice between DE and SE depends on whether cx lies 
above or below C̄SD(k). In particular, when V(x, y) is 
symmetric, DE dominates SE if and only if cx > cy.

The characterization is intuitive: At high levels of 
degree of effort substitutability k, only the solo operat
ing modes emerge: SE if cx is low and DE if it is large. 
This is the situation typically assumed in the PA and 
task allocation literatures. As k decreases, JE starts to 
appear, especially when the costs of effort are similar. 
In fact, one could imagine lowering k so much that 
efforts would become strategic complements, in which 
case JE would be the only operating mode, as discussed 
earlier. This latter situation is typically assumed in the 
TP literature. This intuitive characterization is consis
tent with Roels (2014), who considered the particular 
case of CES functions; Proposition 1 shows that it holds 
for a much larger class of value functions.

Moreover, the regions in which each operating 
mode is optimal are coordinate-wise convex. That is, 
if a particular operating mode is optimal at (k1, cx) and 
at (k2, cx), then so is it at (λk1 + (1�λ)k2, cx), for any 
0 < λ < 1. Also, if it is optimal at (k, cx, 1) and at (k, cx, 2), 
then so is it at (k,λcx, 1 + (1�λ)cx, 2), for any 0 < λ < 1. 
As we will see in Section 7, this property breaks down 
when efforts are chosen in a decentralized way.

Figure 2. FB Operating Modes 

Notes. Sketch of boundaries defined in Proposition 1 (left) and example (right). (Left) Portions of the curves that do not separate operating modes 
are depicted in light gray; the region with (x̄D, ȳD) corresponds to JE, (0, ȳS) to DE, and (x̄S, 0) to SE. (Right) V(x, y) is given by (6), with V0 � 7 and 
cy � 3.
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5. Equilibrium Operating Modes for a 
Given Output Share

We next characterize the equilibrium efforts, solving (3) 
and (4), for any output share α. Because the workers’ 
payoffs are concave and their action sets are convex and 
bounded, there always exists a pure-strategy Nash 
equilibrium by the Debreu-Glicksberg-Fan theorem 
(Fudenberg and Tirole 1991, section 1.3.3). If there exists 
more than one, the principal selects DE (Lemma B.5).

5.1. Efforts in Each Operating Mode
Similar to the three candidates for local maxima in the 
FB case (Section 4.1), define the following three candi
dates for equilibria and specify the conditions under 
which they are equilibria: 
• SE:(xS(α), 0), in which xS(α) solves α∂V(x, 0)=∂x � cx; 

it is an equilibrium if (1� α)∂V(xS(α), 0)=∂y ≤ cy;
• DE:(0, yS(α)), in which yS(α) solves (1�α)∂V(0, y)=

∂y � cy; it is an equilibrium if α∂V(0, yS(α))=∂x ≤ cx;
• JE:(xD(α), yD(α)), which solves α∂V(x, y)=∂x � cx 

and (1� α)∂V(x, y)=∂y � cy; it is an equilibrium if 
xD(α) > 0 and yD(α) > 0.

As with the local maxima candidates in the FB case, 
these potential equilibrium points are uniquely defined 
and feasible. Moreover, if xD(α) > 0, yD(α) < yS(α); and 
if yD(α) > 0, xD(α) < xS(α). Although the second-order 
optimality conditions do not always hold at the FB 
local maxima candidates, they always do at these can
didate equilibria given that joint concavity of V(x, y) is 
irrelevant.

5.2. Which Operating Modes Emerge
We next characterize which operating modes emerge, 
for a given α. As noted in Section 3.1, the FB efforts 
solving (1) with inflated costs cx=α and cy=(1� α) also 

solve (3) and (4). Therefore, the characterization of the 
equilibrium operating modes for a given α follows 
from the FB solution. This characterization can be 
done in terms of (k, cx), as in Proposition 1, or in terms 
of (k,α) given that the inflated cost cx=α is monotone in 
α. We present the latter version. It is sketched in the left 
panel of Figure 3 and illustrated numerically in its right 
panel. Given that cx=α is decreasing in α, Figure 3
appears almost as a reflection of Figure 2 across the hor
izontal axis, with a subtle difference when k is large and 
α takes on intermediate values, which corresponds to a 
situation where (xS(α), 0), (0, yS(α)), and (xD(α), yD(α))
are all equilibria. In this case, the selected equilibrium 
(preferred by the principal) is DE.

Lemma 1. For any cx and cy, there exist functions AS(k)
and AD(k), such that A′S(k) ≤ 0 and A′D(k) ≥ 0, delineating 
the selected equilibrium operating modes as follows: 
• SE with (x∗, y∗) � (xS, 0) if α ≥AS(k) and α >AD(k);
• DE with (x∗, y∗) � (0, yS) if α ≤AD(k);
• JE with (x∗, y∗) � (xD, yD) if AD(k) < α <AS(k).

When cx increases, both AS(k) and AD(k) increase.

As illustrated in Figure 3 (left), the equilibrium 
operating modes can be mapped in the (k,α)-space by 
defining two curves: a decreasing curve AS(k) and an 
increasing curve AD(k). The equilibrium operating 
mode is SE for any point that lies above both AS(k)
and AD(k), DE for any point that lies below AD(k), 
and JE otherwise. Given that AS(k) is decreasing and 
AD(k) is increasing, JE tends to dominate when the 
degree of effort substitutability k is low and when α is 
neither too low nor too high. If JE does not occur, the 
choice between DE and SE depends on whether α is 
above or below AD(k).

Denote by k̃ the unique solution to AS(k) �AD(k). 
Accordingly, JE may arise in equilibrium if and only if 

Figure 3. Equilibria for a Given Output Share α 

Notes. Sketch of boundaries defined in Lemma 1 (left) and example (right). (Left) Portion of the curve AS(k) is depicted in light gray whenever it 
does not distinguish an operating mode. The curves AD(k) and AS(k) intersect at k̃. (Right) V(x, y) is given by (6), with V0 � 7, cx � 9, and cy � 3. 
In the striped region in the right panel, all three operating modes are equilibria, out of which the principal selects DE.

Roels et al.: Frontiers in Operations: Coproductive Principal-Agent Dynamics 
8 Manufacturing & Service Operations Management, Articles in Advance, pp. 1–19, © 2026 The Author(s) 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
s.

or
g 

by
 [

21
6.

73
.2

16
.1

98
] 

on
 2

2 
Ju

ne
 2

02
6,

 a
t 0

0:
01

 . 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y,

 a
ll 

ri
gh

ts
 r

es
er

ve
d.

 



k < k̃. In particular, when k < k̃, the equilibrium is DE 
if α ≤AD(k), JE if α ∈ (AD(k),AS(k)), and SE if α ≥
AS(k). Hence, by varying the agent’s share, the princi
pal can induce different operating modes. Naturally, 
DE emerges when the agent’s inflated cost cy=(1� α)
is low and the principal’s inflated cost cx=α is large, SE 
emerges when the opposite happens, and JE emerges 
when the inflated costs take on intermediate values. 
Notably, DE can only emerge when α ≤AD(k), in con
trast to most PA models, which assume that DE 
emerges for any α ∈ [0, 1].

6. Second-Best Solution
Our second benchmark is the SB solution. We denote 
by (α~, f~) the SB contract that solves (2) subject to 
(3)–(5). The presence of the fixed fee f effectively 
decouples the processes of value creation and value 
capture. Specifically, it is optimal for the principal to 
set f~(α) � (1� α)V(x∗(α), y∗(α))� cyy∗(α) to extract the 
entire surplus while meeting the agent’s participation 
constraint. Accordingly, the principal chooses α to 
maximize V(x∗(α), y∗(α))� cxx∗(α)� cyy∗(α).

Naturally, if (α~, f~) induces either SE or DE in 
equilibrium, then full efficiency can be achieved in the 
execution by setting α~ � 1 or α~ � 0, respectively, 
maximizing the principal’s payoff. In the former case, 
the principal does not form a team; in the latter case, 
the principal transfers the entire ownership of the pro
ject to the agent and captures the entire surplus 
through the fixed fee. Because the equilibrium efforts 
are identical to the FB ones under SE and DE, the prin
cipal can create and capture all FB value under SE and 
DE, unlike JE, which is fraught with double moral 
hazard. As a result, JE emerges (weakly) less often in 
equilibrium than in the FB.

Proposition 2. In the SB, there is too little JE in equilib
rium, and too much SE and DE.

With this SB benchmark in mind, we next investi
gate whether a linear contract also leads to less JE and 
too much SE and DE, relative to the FB.

7. Linear Contract
We now turn to the equilibrium characterization under 
a linear contract in the (k, cx) space, keeping cy constant. 
Linear contracts are common in intraorganizational set
tings where financial payments are not allowed. We 
characterize in Section 7.1 the contract that maximizes 
(2) subject to (3) and (4) and f � 0, denoted as α∗, and 
compare in Section 7.2 the resulting coproductive 
dynamics to the FB. Because f � 0, we denote the prin
cipal’s payoff in (2) as Π(α). Throughout our analysis, 
we ignore the agent’s participation constraint, which, 
as noted in Section 3.3.5, is not relevant if V0 is suffi
ciently large.

7.1. Principal’s Optimal Contract
Recall that the FB solution is such that SE does not 
emerge if cx > C̄SD(k) and DE does not emerge if cx <

C̄SD(k) (Proposition 1). The next proposition shows 
that a similar result holds in equilibrium. As discussed 
at the end of Section 5, k̃ is defined as the solution to 
AD(k) �AS(k).

Proposition 3. For any cy, there exists a function CSD(k)
such that the equilibrium at α∗ is 
• When k ≥ k̃, SE if cx ≤ CSD(k) and DE if cx ≥ CSD(k);
• When k < k̃, either SE or JE if cx < CSD(k) and either 

DE or JE if cx > CSD(k).

Very much like the FB solution, when the degree of 
effort substitutability is high (k ≥ k̃), SE emerges as an 
equilibrium, instead of DE, when the principal’s cost 
is low. However, CSD(k) is in general not constant, 
unlike the FB and SB solutions where it sufficed to 
compare cx with cy when V(x, y) is symmetric (Propo
sitions 1 and 2).

Next, consider the case where k < k̃. In this case, the 
equilibrium operating mode is DE when α ≤AD(k), JE 
when AD(k) < α <AS(k), and SE otherwise (Lemma 1). 
As noted in Section 3.2, in contrast to the canonical PA 
model, DE emerges here only when α ≤AD(k). Other
wise, the principal would have such a large share of 
output that they could not prevent themselves from 
contributing to the project execution. Hence, a solu
tion predicated by a canonical PA model may not be 
achievable when the task has a coproductive nature 
and the principal cannot commit not to contribute.

This reveals a potential flip side to coproduction: 
Although it is beneficial to have access to more operating 
modes from a total surplus (i.e., FB) perspective, it may 
also constrain the principal’s ability to capture value. In 
particular, the principal may aspire to capture more 
value under DE, but to avoid having to contribute to the 
execution, may find themselves setting α∗ �AD(k). To 
highlight when this happens, we distinguish two cases 
under the DE operating mode, depending on whether 
the principal’s optimization is unconstrained, that is, 
α∗ <AD(k), which we denote as DEU, or constrained, 
that is, α∗ �AD(k), which we denote as DEC.

Consequently, the principal may benefit from hav
ing a higher cost of effort, so as not to be tempted to 
contribute. The same behavior may also arise under JE 
because a less efficient principal will put in less effort, 
making them rely more on the agent.5 Hence, a higher 
cost of effort for the principal gives them a higher pay
off because it helps them commit not to contribute 
(Fudenberg and Tirole 1984, Aghion and Tirole 1997).

Considering now the special case where V(x, y) is 
given by (6), for which k̃ � 1=2, the next proposition 
shows that, when k < 1=2, the transitions in equilib
rium operating modes at α∗ as cx changes are similar 
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to the FB solution in the sense that JE emerges when 
costs are similar, whereas SE (respectively, DE) domi
nates when cx is small (respectively, large). The proposi
tion requires that V0 be sufficiently large that the agent’s 
participation constraint is nonbinding (Section 3.3.5).

Proposition 4. Let V(x, y) be defined as (6) and suppose 
that (7) holds. For any cy and k, k < 1=2, the equilibrium at 
α∗ never transitions away from DE as cx increases and 
away from SE as cx decreases.

In contrast, nonmonotone behaviors might emerge 
in the equilibrium transitions as k changes between 
the SE and JE operating modes, even in the special 
case where V(x, y) is given by (6). Specifically, unlike 
the FB solution, the JE region may not be coordinate- 
wise convex. That is, if JE is the equilibrium operating 
mode at α∗ for (k1, cx) and (k2, cx), it may not be so at 
(λk1 + (1�λ)k2, cx), for some 0 < λ < 1. In other words, 
although JE naturally arises as efforts become less 
substitutable, JE may also emerge instead of SE as 
efforts become more substitutable, at least temporarily 
(Figure 4 (left)).

However, this nonmonotone behavior disappears 
if cy is sufficiently large, as shown in the next proposi
tion and illustrated in the right panel of Figure 4. The 
proposition requires that cy > c̃y(cx), for some thresh
old c̃y(cx) < cx, in addition to requiring that V0 be large 
enough to ensure the agent’s participation. Note, 
assuming a sufficiently large V0, this condition implies 
that cy > cx is sufficient for the proposition to hold.

Proposition 5. Let V(x, y) be defined as (6) and suppose 
that (7) holds. For any cx, there exists a threshold c̃y(cx), 
c̃y(cx) < cx, such that ∀cy > c̃y(cx), the equilibrium at α∗
never transitions away from JE as k decreases.

Hence, when the agent’s cost of effort is sufficiently 
large (and V0 is sufficiently large), JE tends to emerge 

as the degree of effort substitutability decreases, very 
much like in FB and SB.

7.2. Comparison with First Best
Unlike the FB/SB comparative statics with respect to 
cx and k when the agent’s cost is large (Propositions 1
and 2), here we show that even though there is too 
much SE in equilibrium, there may not be too much 
DE or too little JE.

Because there is no agency issue under SE (because 
x∗(α∗) � x∗(1) � xFB), SE arises in equilibrium whenever it 
is the FB operating mode. The principal has indeed no 
incentive to operate differently given that the total value 
is maximized and the principal can capture all of it. As a 
result, SE is more prevalent in equilibrium than in the FB.
Proposition 6. There is too much SE in equilibrium.

Figure 4 illustrates Proposition 6 and confirms that 
the region where SE arises in equilibrium (green) is 
larger than the one in the FB solution (as depicted by 
the dashed line). We conclude that principals tend to 
hoard too much so as to retain the full ownership of 
their project.

Does this hoarding translate into under-delegation? 
Not necessarily, as demonstrated in the following 
proposition. Specifically, although there is too little JE 
when one of the workers has low productivity, there 
is too little DE otherwise.
Proposition 7. Let V(x, y) be defined as (6) and suppose 
that (7) holds. There exist two thresholds ĉy and ĉx(cy), 
such that 
• When cy ≥ ĉy or cx ≥ ĉx(cy), there is too little JE in 

equilibrium;
• When cy < ĉy and cx < ĉx(cy), there is too little DE in 

equilibrium.
On one hand, there may be too little JE in equilib

rium at α∗, like in the SB, and this happens when one 

Figure 4. Equilibrium Operating Modes at α∗

Notes. Here, V(x, y) is given by (6), with V0 � 13:25 and cy � 1 (left) and V0 � 7 and cy � 3 (right). The black dashed line represents the boundaries 
of the FB operating modes (Figure 2). (Left) DE is never FB optimal because cy � 1. Condition (7) holds when cx ∈ [1:1, 52:2] (left) and when cx ∈
[1:0, 2:3] ∪ [4:1, 32:3] (right).
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of the workers has low productivity (i.e., when either 
cy ≥ ĉy or cx > ĉx(cy)). See the right panel of Figure 4
for an illustration.6 This is expected, given that JE is 
subject to double moral hazard, which is a priori more 
inefficient than the single moral hazard affecting DE. 
In this case, principals, whenever they form a team 
(which happens too infrequently), tend to delegate 
too much and contribute too little. Paradoxically, 
over-delegation happens when the agent has low 
productivity.

On the other hand, there may also be too little DE; 
this happens when, under the complementary condi
tions, both workers’ productivities are high (i.e., when 
cy< ĉy and cx≤ ĉx(cy)). See the left panel of Figure 4 for 
an illustration. In this case, the principal, whenever 
they form a team (which happens too infrequently), 
tends to contribute more than they should; that is, 
there are cases where JE arises in equilibrium, 
whereas DE would be the FB operating mode. This is 
motivated by the principal’s desire to capture value as 
JE provides an opportunity for them to offer a lower 
share to the agent (i.e., α∗ >AD(k)) than under DE. 
This is another form of hoarding, although not as 
extreme as not forming a team sufficiently often.

How severe is the principal’s project hoarding 
behavior? To assess this, Figure 5 compares the FB total 
payoff (top figure), that is, V(xFB, yFB)� cxxFB� cyyFB 

to the equilibrium total payoff (bottom figure), that 
is, V(x∗(α∗), y∗(α∗))� cxx∗(α∗)� cyy∗(α∗), both depicted 

with a red solid line. In this numerical study, we used 
(6) as a functional form for V(x, y). This comparison is 
made for two different sets of parameters, correspond
ing to the left and right panels of the panels. The para
meters match those chosen to construct Figure 4.

For this value function (6), ∂V(x, y; k)=∂k > 0 for 
any (x, y); that is, more value is generated at higher 
degrees of effort substitutability. Accordingly, both 
the FB total payoff, depicted in the top panels (red 
continuous line), and the equilibrium principal’s pay
off, depicted in the bottom panels (blue dotted line), 
are increasing in k as the potential for value creation 
increases with k.

In addition, Figure 5 reports the corresponding (FB 
or equilibrium at α∗) operating modes. As k increases, 
the equilibrium transitions from JE to SE, to DE, and 
then back to SE, as shown in the bottom left panel (see 
also the left panel of Figure 4 when cx � 10), or from 
JE to DE back to SE, as in the bottom right panel (see 
also the right panel of Figure 4 when cx � 9). These 
transitions are consistent with the equilibrium charac
terization made in Propositions 3–5. The FB operating 
mode transitions from JE to DE as k increases (top 
panels), consistent with Figure 2 and Proposition 1
given that, in both cases (left and right top panels), 
cx > cy, so SE is never optimal. Consistent with Propo
sitions 6 and 7, there is too much SE in equilibrium 
and either too little DE in equilibrium (left panels) or 
too little JE in equilibrium (right panels).

Figure 5. Total Payoff and Operating Modes Under the FB (Top) and in Equilibrium at α∗ (Bottom) 

Note. Here, V(x, y) is given by (6) with V0 � 13:25, cy � 1, cx � 10 (left) and V0 � 7, cy � 3, cx � 9 (right).
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Unlike the FB total payoff, which continuously 
increases in k, the equilibrium total payoff exhibits, as k 
increases, downward jumps whenever the equilibrium 
operating mode switches to SE and upward jumps 
whenever it switches away from SE. What explains 
these jumps is that the agent’s payoff, depicted with a 
black dashed-dotted line in the bottom panels of Figure 
5, discontinuously drops to zero whenever the princi
pal abandons the idea of forming a team and decides 
instead to work alone (SE), and, conversely, jumps 
away from zero whenever the principal forms a team 
and offers incentives to the agent to work on their idea. 
In contrast, the principal’s payoff, depicted with a blue 
dotted line in the bottom panels of Figure 5, evolves 
continuously across the transitions between the differ
ent operating modes, irrespective of whether they 
involve a team. (This discontinuity in the total payoff 
only arises when the equilibrium operating mode tran
sitions to or from SE because the principal’s optimal 
share α∗ is continuous in k when the equilibrium oper
ating mode switches between DE and JE, resulting in a 
continuous evolution (as k changes) of both the princi
pal’s and the agent’s payoffs at these transitions.)

Moreover, the loss in total payoff from not forming 
a team while it would be FB optimal to do so (i.e., 
when the FB operating modes are either DE or JE, but 
the equilibrium operating mode is SE) is much more 
severe than when a team is formed, irrespective of the 
discrepancy in operating modes (DE or JE) between 
the equilibrium and the FB and despite the lower exe
cution efforts due to moral hazard. Indeed, a compari
son of the top and bottom panels in the figure reveals 
that, whenever SE is chosen in equilibrium, instead of 
DE or JE in the FB, the optimality loss is significant. In 
these regimes, the principal is effectively destroying 
value through their decision to not form a team.

This highlights a fundamental difference between 
the moral hazard that affects the effort choice under 
DE or JE and the lack of control over the principal’s 
team formation decision. Although the former leads 
to a loss of value (as shown in the gap between the 
two red solid curves), the equilibrium total payoff is 
increasing in k within each operating mode. In con
trast, the principal destroys value by switching to SE 
when k increases, instead of teaming up with the 
agent. In sum, our analysis suggests that, although 
most of the PA literature has focused on controlling 
the agents, it can be even more important to find ways 
to control principals and curtail their project hoarding 
behavior.

8. Conclusions
In this paper, we study the genesis of teams in a 
coproductive PA setting, which arises in numerous 
OM applications, such as research and innovation, 

entrepreneurship, service provision, team leadership, 
franchising, and joint ventures. We consider whether 
a project initiator—a principal—should share the pro
ject value with someone else—an agent—and if so, 
how. Depending on their respective incentives, one of 
the following three operating modes may emerge: SE 
by the principal; DE to the agent, as in the canonical 
PA model; or JE, as in TP models. Because team pro
duction is an “essential,” if not “necessary,” condition 
for the firm (Alchian and Demsetz 1972, p. 785), 
explaining when team production (JE) emerges instead 
of specialization (SE, DE) lies at the core of the theory 
of the firm. In particular, the development of agentic AI 
leads to three operating modes: AI only (DE), human 
only (SE), and human-AI collaboration (JE) (Bastani 
and Cachon 2025, Fügener et al. 2026).

In a very general setting, we show that JE should 
arise more when the degree of effort substitutability is 
lower and the workers’ costs are more similar. Other
wise, the choice between DE and SE is resolved by only 
considering the respective productivities when the value 
function is symmetric (Proposition 1). The same copro
ductive dynamics arise in the second best, attained with 
an affine contract. However, there is too much SE, too 
much DE, and too little JE (Proposition 2).

With linear contracts, without financial transfers, 
under-delegation may also arise, but now due to project 
hoarding. Specifically, principals partner with agents too 
little (Proposition 6). Although the coproductive dynam
ics may exhibit nonmonotonicities that were not present 
in the FB, JE tends to remain the equilibrium when the 
degree of effort substitutability is low (Proposition 5). 
Similarly, SE tends to remain the equilibrium when the 
principal’s cost is low, as does DE when it is high (Pro
positions 3 and 4). Although there is too little JE in equi
librium when one of the workers has low productivity, 
there is too little DE otherwise (Proposition 7). Hence, 
although project hoarding always takes place, under- 
delegation occurs when principals are more involved 
than they should. Relative to the well-documented issue 
of moral hazard in the PA and TP literatures, hoarding 
appears to have a more severe impact on value, poten
tially destroying it despite improvements in the poten
tial value that can be created as a result of a reduction in 
the degree of effort substitutability (Figure 5).

Our work raises a cautionary tale regarding the 
value of coproduction. Although coproduction is 
often perceived to be beneficial because it expands 
the set of operating modes by potentially involving 
the principal in production, offering more flexibility 
to achieve greater efficiency (Proposition 1), it may 
not benefit principals who may find themselves too 
constrained in setting incentives for agents under DE. 
Hence, principals may actually be better off moving 
away from coproduction and instead exaggerating 
their costs. Consequently, despite all its praise (Vargo 
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and Lusch 2004), coproduction may not be a panacea 
in practice.

The proposed approach can be extended in numer
ous ways. First, we ignored the role of uncertainty, 
which could potentially lead to information asymme
try and adverse selection (Radner 1993, Aghion and 
Tirole 1997) and recourse action in a dynamic setting. 
Second, we considered a single agent, but the model 
could easily be extended to account for multiple 
identical agents. Future research could investigate 
the effect of agent heterogeneity on a project’s oper
ating mode and performance. Third, we only consid
ered one task, but one could generalize the approach 
to a multitask setting, perhaps with different degrees 
of effort substitutability, some of which are poten
tially preassigned to the principal and/or the agent, 
as in Itoh (2001), Hagiu and Wright (2019), or Bellos 
and Kavadias (2021). Relatedly, one could extend the 
model to span over multiple periods and adopt a 
process perspective, perhaps making the distinction 
between different phases of execution and character
izing the operating dynamics as the team makes pro
gress or time goes by, in the same vein as Bonatti and 
Hörner (2011) or Bellos and Kavadias (2021). Fourth, 
one could investigate the performance of ex post out
put share allocations, such as bargaining (Bhaskaran 
and Krishnan 2009) or making shares proportional to 
effort contributions (Moyer 2016).

Our analysis draws attention to project hoarding 
in the team formation phase of coproductive dynam
ics, which may be associated with a more severe loss 
of efficiency than the moral hazard in the project 
execution phase (which is the focus of the PA and 
TP literature). Although our approach is generic in 
highlighting the salience of this issue across contexts, 
the identification of mechanisms to prevent princi
pals from engaging in project hoarding would need 
to rely on more specific models tailored to the partic
ular application context.

Appendix A. Closed-Form Expressions When 
V(x,y) Is Given by (6) with cx,cy≥1

A.1. First-Best Solution
When V(x, y) is given by (6), x̄S � 1=cx, ȳS � 1=cy, and if 
k ≠ 1=2,

x̄D�
: (1� 2k)� 2kcx +

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

(1� 2k)2 + 4k2cxcy

q

2(1� 2k)cx
,

ȳD�
: (1� 2k)� 2kcy +

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

(1� 2k)2 + 4k2cxcy

q

2(1� 2k)cy
:

If k � 1=2 and cx � cy, (x̄D, ȳD) � (x, y) for any x > 0 and y > 0 
such that x+ y � 1=cx. If k � 1=2 and cx ≠ cy, (x̄D, ȳD) is not 
defined. When k > 1=2, (x̄D, ȳD) is only a saddle point 
because the determinant of the Hessian matrix (which has 
negative diagonal elements) is then negative.

A.2. Equilibrium Solution
When V(x, y) is given by (6),

xS(α)�
: α

cx
, yS(α)�

: 1�α
cy

, (A.1) 

and for k ≠ 1=2,

xD(α)�
: 1

2 xS(α)�
k

1� 2k

+
1

2(1� 2k)

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xS(α)

yS(α)
(xS(α)yS(α)(1� 2k)2 + 4k2)

s

, (A.2) 

yD(α)�
: 1

2 yS(α)�
k

1� 2k

+
1

2(1� 2k)

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

yS(α)

xS(α)
(xS(α)yS(α)(1� 2k)2 + 4k2)

s

: (A.3) 

If k � 1=2 and cx=α � cy=(1�α), (xD, yD) � (x, y) for any x > 0 
and y > 0 such that x+ y � α=cx. If k � 1=2 and cx=α≠ cy=

(1�α), (xD, yD) is not defined.
The boundaries delineating the regions where the differ

ent operating modes emerge (Lemma 1) are

AD(k) �

1
2+

k(cx + cy)

2(1� 2k)�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

(1� 2k)2 + k2(cx + cy)
2
� 2k(cx� cy)(1� 2k)

q

2(1� 2k) if k ≠ 1=2,

cx

cx + cy
if k� 1=2,

8
>>><

>>>:

(A.4) 

AS(k) �
1
2�

k(cx + cy)

2(1� 2k) +

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

(1� 2k)2 + k2(cx + cy)
2
� 2k(cy� cx)(1� 2k)

q

2(1� 2k) if k ≠ 1=2,

cx

cx + cy
if k� 1=2:

8
>>><

>>>:

(A.5) 

Because AD(k) <AS(k) if and only if (iff) k < 1=2, it follows 
that k̃ � 1=2.

Appendix B. Proofs of Statements with a Generic 
Value Function

B.1. First-Best Solution
The proof of Proposition 1 builds on two geometric argu
ments. The first relies on Figure B.1 to show that (1) has 
either two local maxima (namely, (x̄S, 0) and (0, ȳS)) or a 
unique one among the three candidates (Lemma B.1).

The second argument, which relies on Figure B.2 (left), 
leads to the construction of the functions: C̄S(k) (C̄D(k)) below 
(above) which (x̄S, 0) ((0, ȳS)) is a critical point (Lemma B.2). 
Accordingly, holding cy constant, the (k, cx) space can be par
titioned into four regions depending on whether the local 
maxima are only (x̄S, 0); only (0, ȳS); only (x̄D, ȳD); or both 
(x̄S, 0) and (0, ȳS) (Lemma B.3; Figure B.2 (left)). In the latter 
case, the maximum of (1) can be identified by comparing the 
total payoffs obtained at each of these points; the behavior 
of the delineating boundary can be characterized with the 
implicit function theorem (IFT).

Lemma B.1. Among the potential local maxima of (1), namely, 
(x̄S, 0), (0, ȳS), and (x̄D, ȳD), either only one is critical or they all 
are; in the latter case, (x̄D, ȳD) is a saddle point.
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Proof. Let C̄x�
:
{(x, y) : ∂V(x, y)=∂x � cx} and C̄y�

:
{(x, y) :

∂V(x, y)=∂y � cy}. By the univalence theorem (Gale and 
Nikaidô 1965, theorem 7(ii)), C̄x and C̄y intersect at most 
once in the positive orthant. Because ∂2V(x, y)=∂x2 < 0 and 
efforts are strategic substitutes, C̄x is downward-sloping 
(Figure B.1): ∂V(x, y)=∂x < cx ∀(x, y) lying above C̄x; and 
∂V(x, y)=∂x > cx ∀(x, y) lying below C̄x. The case of C̄y is sim
ilar. Finally, C̄x is guaranteed to cross the x axis on [0, 1] at 
(x̄S, 0) because ∂V(1, 0)=∂x < cx < ∂V(0, 0)=∂x by assumption 
in Section 3.3.2; C̄y crosses the y axis when y ∈ [0, 1] at (0, ȳS).

Consider the conditions that ensure that (x̄D, ȳD), (x̄S, 0), 
and (0, ȳS) are critical points. First, (x̄D, ȳD) is a feasible criti
cal point iff C̄x and C̄y intersect in the positive orthant. Sec
ond, (x̄S, 0) is a critical point iff C̄x lies above C̄y when it 
crosses the x axis. Third, (0, ȳS) is a critical point iff C̄y lies 
above C̄x when it crosses the y axis. No two conditions 
can hold without the third. Moreover, ∀(x, y) ∈ C̄x, ∂V(x, y)=
∂y > cy iff y > ȳD; hence, (x̄D, ȳD) is a saddle point. w

Lemma B.2. If (x̄S, 0) is a local maximum of (1) for some k̂ and 
ĉx, it remains so ∀k ≥ k̂ and cx ≤ ĉx. Similarly, if (0, ȳS) is a local 
maximum for some k̂ and ĉx, it remains so ∀k ≥ k̂ and cx ≥ ĉx.

Proof. When (x̄S, 0) is a critical point, at (x, y) � (x̄S, 0): 
∂V(x, y)=∂y� cy ≤ 0. The left-hand side is decreasing in k, by 
Equation (8), and increasing in cx, as we show next. Apply
ing IFT to ∂V(x̄S, 0)=∂x� cx � 0 shows that x̄S is decreasing 
in cx. The total derivative of ∂V(x, y)=∂y� cy at (x, y) � (x̄S, 0)
with respect to cx, ∂

2V(x̄S, 0)
∂y∂x

dx̄S
dcx

, is thus nonnegative as efforts 
are strategic substitutes. The proof for (0, ȳS) is similar. w

Lemma B.3. For any cy, ∃ functions C̄S(k) and C̄D(k), so that 
C̄
′

S(k) ≥ 0 and C̄′D(k) ≤ 0, delineating local maxima of (1): (x̄S, 0)
iff cx ≤ C̄S(k); (0, ȳS) iff cx ≥ C̄D(k); and (x̄D, ȳD) iff C̄S(k) < cx 
< C̄D(k).

Proof. When (x̄S, 0) is a local maximum, the set of parameter 
values (k, cx) for which this holds is coordinate-wise convex 
and expands as k increases and cx decreases (Lemma B.2). 
Let C̄S(k) denote the increasing region boundary, such that 
∀k ∈ [0, 1], C̄S(k) � 0 if (x̄S, 0) is never a local maximum ∀cx; 
and C̄S(k) � ∞ if (x̄S, 0) is always a local maximum ∀cx. That 
is, ∀(k, cx), (x̄S, 0) is a local maximum iff cx ≤ C̄S(k).

Similarly, the parameter set (k, cx) where (0, ȳS) is a local 
maximum is coordinate-wise convex and expands as either 
k or cx increases. Let C̄D(k) denote the boundary of that 
region, which is decreasing, and using the same extensions 
to zero and ∞ as for C̄S(k). Hence, ∀(k, cx), (0, ȳS) is a local 
maximum iff cx ≥ C̄D(k).

When C̄S(k) < cx < C̄D(k), neither (x̄S, 0) nor (0, ȳS) are local 
maxima. By Weierstrass’s theorem, (x̄D, ȳD) must be the sole 
local maximum when C̄S(k) < cx < C̄D(k).

By Lemma B.1, the number of critical points for maxima 
is either one or three. Accordingly, (x̄D, ȳD) cannot be critical 
when either cx ≤ C̄S(k) and cx < C̄D(k), or cx > C̄S(k) and cx ≥

C̄D(k). Also, (x̄D, ȳD) must be critical when cx ≤ C̄S(k) and cx ≥

C̄D(k); however, in that case, (x̄D, ȳD) is only a saddle point 
(Lemma B.1). w

Proof of Proposition 1. Fix cy. Lemma B.3 characterizes a 
unique maximum in the following cases: (x̄S, 0) when cx ≤

C̄S(k) and cx < C̄D(k); (0, ȳS) when cx ≥ C̄D(k) and cx > C̄S(k); 

Figure B.2. Set of Critical and Equilibrium Points as Described in Lemmas B.3 (Left) and B.6 (Right), Respectively 

Figure B.1. Geometric Constructs in the Proof of Lemma B.1 

Note. ∀(x, y) lying above (respectively, below) C̄x, ∂V(x, y)=∂x < cx 
(respectively, ∂V(x, y)=∂x > cx). ∀(x, y) lying above (respectively, below) 
C̄y, ∂V(x, y)=∂y < cy (respectively, ∂V(x, y)=∂y > cy).
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and (x̄D, ȳD) when C̄S(k) < cx < C̄D(k) (Figure B.2). In the 
remaining case—C̄D(k) < cx < C̄S(k)—both (x̄S, 0) and (0, ȳS)

are local maxima, so the global maximizer is (x̄D, 0) iff 
V(x̄S, 0)� cxx̄S ≥ V(0, ȳS)� cyȳS and (0, ȳS) otherwise. Apply
ing IFT to V(x̄S, 0)� cxx̄S�V(0, ȳS) + cyȳS � 0 (valid as the 
derivative of the left-hand side with respect to cx equals 
�x̄S ≠ 0), there exists a function C̄SD(k) such that V(x̄S, 0)�
cxx̄S�V(0, ȳS) + cyȳS > 0 iff cx < C̄SD(k). Hence, if C̄D(k) < cx 

< C̄S(k), (x̄S, 0) (respectively, (0, ȳS)) is the global maximum if 
cx < C̄SD(k) (respectively, cx > C̄SD(k)). Given that the global 
maximum is (x̄S, 0) when cx ≤min{C̄S(k), C̄D(k)} and (0, ȳS)

when cx ≥max{C̄D(k), C̄S(k)}, max{C̄S(k), C̄D(k)} ≥ C̄SD(k) ≥min 
{C̄S(k), C̄D(k)}.

When V(x, y) is symmetric, V(x̄S, 0)� cxx̄S � V(0, x̄S)� cxx̄S. 
Hence, V(x̄S, 0)� cxx̄S ≥ V(0, ȳS)� cyȳS iff maxxV(0, x)� cxx ≥
maxxV(0, x)� cyx, that is, iff cx ≤ cy. Hence, C̄SD(k) � cy. w

We close this section on the FB by deriving a result that 
will be useful in our analysis of the linear contract. The 
result builds on the geometric constructs C̄S(k) and C̄D(k)
introduced in Lemma B.3. Let k̄ be the unique solution of 
C̄S(k) � C̄D(k). If (x̄D, ȳD), namely, the solution to ∂V(x, y)=
∂x � cx and ∂V(x, y)=∂y � cy, can have negative elements, 
then, when k < k̄, x̄D < 0 if cx < C̄S(k) and ȳD < 0 if cx > C̄D(k). 
Because efforts are strategic substitutes, this implies that 
ȳD > ȳS if cx < C̄S(k) and x̄D > x̄S if cx > C̄D(k). If x̄D (respec
tively, ȳD) can only be nonnegative, then C̄S(k) � 0 (respec
tively, C̄D(k) � ∞).

Lemma B.4. Fix cy. When k < k̄, (x̄D, ȳD) is such that x̄D < 0 if 
cx < C̄S(k) and such that ȳD < 0 if cx > C̄D(k).

Proof. Fix k < k̄. For any cx ∈ [C̄S(k), C̄D(k)], (x̄D, ȳD) ≥ (0, 0)
and (x̄D, ȳD) maximizes (1) by Proposition 1. Using the geo
metric constructs of Lemma B.1 (Figure B.1), there exist two 
downward-sloping curves C̄x and C̄y in the (x, y)-space 
crossing in the positive orthant (at (x̄D, ȳD)), and C̄x crosses 
C̄y from above. Because C̄x shifts downward as cx increases, 
whereas C̄y is independent of cx, the crossing point between 

C̄x and C̄y shifts to the orthant where x > 0 and y < 0 when 
cx increases and to the orthant where x < 0 and y > 0 when 
cx decreases. w

B.2. Equilibrium Operating Modes for a Given 
Output Share
The proof of Lemma 1 operates in two steps. First, we char
acterize the equilibrium operating modes of (3) and (4) in 
the (k, cx)-space, similar to the FB characterization made in 
Proposition 1 (Lemma B.6; Figure B.2 (right)). The charac
terizations are similar given that the candidates for equilib
rium efforts (xS(α), 0), (0, yS(α)), and (xD(α), yD(α)) solve the 
same first-order conditions as the candidates for local max
ima in (1) with inflated costs cx=α and cy=(1�α). Recall 
that the FB characterization involves a region with multiple 
critical points, including (0, ȳS) (Figure B.2 (right)). Simi
larly, there is a region with multiple equilibria, including 
(0, yS(α)). In this case, (0, yS(α)) is the selected equilibrium 
(Lemma B.5). Second, we characterize the equilibrium oper
ating modes in the (k,α)-space because the principal’s cost 
cx=α can be increased by either increasing cx or decreasing 
α, so a one-to-one mapping exists.

Lemma B.5. When (3) and (4) have multiple equilibria, the 
principal always selects DE if it is an equilibrium.

Proof. Suppose (0, yS) and (xD, yD) are equilibria. Because 
efforts are strategic substitutes, yD ≤ yS. As V(x, y) is increas
ing, V(x, yD) ≤ V(x, yS) ∀x. Hence, maxx αV(x, yD)� cxx ≤maxx 
αV(x, yS)� cxx, that is, αV(xD, yD)� cxxD ≤ αV(0, yS).

Suppose (0, yS) and (xS, 0) are equilibria. As yS ≥ 0 and 
V(x, y) is increasing, V(x, 0) ≤ V(x, yS) ∀x. Hence, maxx αV(x, 0)
� cxx ≤maxx αV(x, yS)� cxx, that is, αV(xS, 0)� cxxS ≤ αV 
(0, yS). w

Lemma B.6. For any ∀cy and α ∃ an increasing function CS(k)
and a decreasing function CD(k) that delineate the selected equi
librium operating modes: SE with (x∗, y∗) � (xS, 0) if cx ≤ CS(k)
and cx < CD(k); DE with (x∗, y∗) � (0, yS) if cx ≥ CD(k); and JE 
with (x∗, y∗) � (xD, yD) if CS(k) < cx < CD(k). As α increases, both 
CS(k) and CD(k) increase.

Figure B.3. Sketch of Π(α)

Note. Π(α) is depicted in red, ΠDE(α) � αV (0, yS(α)) is depicted with short dashes, ΠJE(α) � αV (xD(α), yD(α))� cxxD(α) is depicted with long 
dashes, and ΠSE(α) � αV (xS(α), 0)� cxxS(α) is depicted with long dashes-dots.
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Proof. The equilibrium conditions for (xS, 0), (0, yS), and 
(xD, yD) identify the critical points to maximize V(x, y)�
cxx=α� cyy=(1�α) subject to 0 ≤ x, y ≤ 1, which is the FB 
objective function with inflated costs. The increasing and 
decreasing functions CS(k) and CD(k) define the critical points 
and unique equilibria (Lemma B.3): (xS, 0) when cx ≤ CS(k)
and cx < CD(k); (0, yS) when cx > CS(k) and cx ≥ CD(k); and 
(xD, yD) when CS(k) < cx < CD(k). When CD(k) < cx < CS(k), 
(0, yS) is selected amongst multiple equilibria (Lemma B.5).

We next show the comparative statics with respect to α. 
Suppose for any given α, (xS, 0) is an equilibrium. Then, 
(1�α)∂V(x, y)=∂y ≤ cy at (x, y) � (xS, 0). From xS’s equilib
rium condition, xS increases in α (IFT). Consider the total 
derivative of the left-hand side of the inequality with 
respect to α: � ∂V(xS, 0)

∂y + (1�α) dxS
dα

∂
2V(xS, 0)
∂y∂x . It is negative 

because efforts are strategic substitutes and xS increases in 
α; the inequality is thus easier to satisfy for larger α. 
Because (xS, 0) is an equilibrium iff cx ≤ CS(k), CS(k) increases 
in α. A symmetric argument holds when (0, yS) is an equi
librium, noting that (0, yS) is an equilibrium iff cx ≥ CD(k); 
hence, CD(k) increases in α. w

Proof of Lemma 1. Functions CS(k) and CD(k) are monotone 
in α and k, so can be inverted (Lemma B.6). w

We close this section by deriving a result that will be use
ful in our analysis of the linear contract (Lemmas B.10 and 
B.11). The result builds on the geometric constructs CS(k)
and CD(k) introduced in Lemma B.6. Let k̃ be the unique 
solution of CS(k) � CD(k). If V(x, y) is such that (xD(α), yD(α)), 
namely, the solution to ∂V(x, y)=∂x � cx=α and ∂V(x, y)=∂y �
cy=(1�α), can have negative coordinates, then, when k < k̃, 
xD(α) < 0 if cx < CS(k) and yD(α) < 0 if cx > CD(k) (Lemma B.7). 
Because of the one-to-one mapping between cx and α, the 
same result can be expressed in terms of α: when k < k̃, 
xD(α) < 0 if α >AS(k) and yD(α) < 0 if α <AD(k) (Lemma B.8). 
Because efforts are strategic substitutes, this implies that 
yD(α) > yS(α) if α >AS(k) and xD(α) > xS(α) if α <AD(k). If 
V(x, y) is such that xD(α) (respectively, yD(α)) can only be 
nonnegative, then AS(k) � 1 (respectively, AD(k) � 0).

Lemma B.7. Fix cy. When k < k̃, xD(α) < 0 when cx < CS(k) and 
yD(α) < 0 when cx > CD(k).

Proof. The proof is identical to the proof of Lemma B.4. w

Lemma B.8. Fix cy. When k < k̃, xD(α) < 0 (and thus, yD(α) >
yS(α)) when α >AS(k) and yD(α) < 0 (and thus, xD(α) > xS(α)) 
when α <AD(k).

Proof. The result follows from Lemma B.7 because CS(k)
and CD(k) are monotone in α and k, so can be inverted. w

B.3. Second-Best Solution
Proposition 2 follows from the fact that the total net value 
when either SE or DE is the FB operating mode can be 
achieved in equilibrium.

Proof of Proposition 2. If (xFB, yFB) � (x̄S, 0): Π(1, f~(1)) �
V(x̄S, 0)� cxx̄S; if (xFB, yFB) � (0, ȳS): Π(0, f~(0)) � V(0, ȳS)� cyȳS; 
if (xFB, yFB) � (x̄D, ȳD): Π(α~, f~) ≤ V(x̄D, ȳD)� cxx̄D � cyȳD. w

B.4. Linear Contract
To characterize the equilibrium operating mode with the 
optimal contract, rewrite the principal’s payoff in (2), 
leveraging Lemma 1, as follows:

Π(α) �

1[α∈[0, AD(k)]]ΠDE(α) + 1[α∈(AD(k), AS(k))]ΠJE(α)

+ 1[α∈[AS(k), 1]]ΠSE(α)

if k < k̃,

1[α∈[0, AD(k)]]ΠDE(α) + 1[α∈(AD(k), 1]]ΠSE(α) if k ≥ k̃,

8
><

>:

(B.1) 

in which 1[X] is the indicator function, equal to one if X is 
true, and zero otherwise, and

ΠSE(α)�
:
αV(xS(α), 0)� cxxS(α), (B.2) 

ΠDE(α)�
:
αV(0, yS(α)), (B.3) 

ΠJE(α)�
:
αV(xD(α), yD(α))� cxxD(α): (B.4) 

We define αDE�
: arg maxα∈[0,AD(k)]ΠDE(α), αJE�

: arg 
maxα∈[AD(k),AS(k)]ΠJE(α), and αSE�

: arg maxα∈[max{AS(k),AD(k)}, 1]
ΠSE(α). As we show next, ΠSE(α) is convex, implying that 
the maximum is attained at one of the endpoints; hence, 
αSE ∈ {max{AS(k),AD(k)}, 1}. Moreover, if the principal earns 
strictly positive profit under SE, then αSE � 1.

Lemma B.9. If ∃ α̂ ∈ (0, 1] such that ΠSE(α̂) > 0, then αSE � 1.

Proof. The function ΠSE(α) is convex since Π′SE(α) �
V(xS(α), 0) by the envelope theorem, V(x, 0) is increasing in 
x, and xS(α) is increasing in α. Therefore, maxα∈[0, 1]ΠSE(α) ∈
{0, 1}. Because ΠSE(0) � 0, if ΠSE(α̂) > 0 for some α̂ > 0, then 
ΠSE(1) > 0, that is, αSE � 1. w

We next characterize Π(α). Let k̃ be the solution to 
AD(k) �AS(k). Suppose first that k ≥ k̃. Then, AD(k) ≥AS(k)
(Figure 3(b) (right)). DE is the selected equilibrium when 
α ≤AD(k), and SE is the selected equilibrium when α >
AD(k). In fact, DE is the only equilibrium when α <AS(k), 
and SE is the only equilibrium when α >AD(k) (see Lemma 1
and Figure 3 (right)). In particular, (xD(α), yD(α)) is not posi
tive (and therefore JE is not an equilibrium) when α >AD(k)
or when α <AD(k), which is why the curve ΠJE(α) �
αV(xD(α), yD(α))� cxxD(α) is depicted in light gray in these 
disconnected regions. When α ∈ [AS(k),AD(k)], all three can
didate points, namely, (0, yS(α)), (xS(α), 0), and (xD(α), yD(α)), 
turn out to be equilibria (Figure 3 (right)), but ΠDE(α) domi
nates ΠJE(α) and ΠSE(α) (Lemma B.5), so DE is the selected 
equilibrium. Π(α) is discontinuous (but upper semicontinu
ous) at α �AD(k). The optimal α∗ could lie in (0,AD(k)] (DE) 
or at one (SE).

Suppose next that k < k̃. Then, AD(k) <AS(k) (Figure 3(b)
(left)). DE is the only equilibrium when α ≤AD(k), JE is 
the only equilibrium when α ∈ (AD(k),AS(k)), and SE is 
the only equilibrium when α ≥AS(k) (see Lemma 1 and 
Figure 3 (right)). Whenever (xD(α), yD(α)) is not posi
tive (and therefore JE is not an equilibrium), the curve 
ΠJE(α) � αV(xD(α), yD(α))� cxxD(α) is depicted in light gray. 
In particular, xD(α) < 0 when α <AD(k) and yD(α) < 0 
when α >AS(k) (Lemma B.7). When α <AD(k), ΠJE(α) lies 
above ΠDE(α), and it crosses it from above at α �AD(k)
(Lemma B.10). ΠJE(α) lies above ΠSE(α) if and only if 
α <AS(k); it thus crosses it from above (Lemma B.11). The 
optimal α∗ could lie in (0,AD(k)) (DEU), at AD(k) (DEC), in 
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(AD(k),AS(k)) (JE), or at 1 (SE). Even if ΠDE(α)may lie above 
ΠJE(α) when α ∈ (AD(k),AS(k)), the principal cannot induce 
DE because (0, yS(α)) is not an equilibrium when 
α ∈ (AD(k),AS(k)). Specifically, the principal cannot refrain 
from increasing their effort. Anticipating this, the agent 
lowers their effort, making (xD(α), yD(α)) the only possible 
equilibrium.

Proof of Proposition 3. We first establish that the principal 
prefers DE over SE iff ΠDE(αDE) ≥ΠSE(1). By Lemma B.9, 
ΠSE(αSE) ≤max{ΠSE(1),ΠSE(0)}. Because ΠDE(αDE) ≥ΠDE(0) �
ΠSE(0), the principal prefers DE over SE iff ΠDE(αDE) ≥

ΠSE(1).
Consider this profit difference: ΠDE(αDE)�ΠSE(1) �

αDEV(0, yS(αDE))�V(xS(1), 0) + cxxs(1). Recall that yS is inde
pendent of cx by definition. Applying the envelope theo
rem, the total derivative of the profit difference between DE 
and SE can be expressed as d(ΠDE(αDE)�ΠSE(1))=dcx �

xS(1)+ Π′DE(αDE)(dαDE=dcx). Either Π′DE(αDE) � 0 or 
Π′DE(αDE) > 0 and αDE �AD(k); in the latter case, recall that 
AD(k) is increasing in cx by Lemma 1. Hence, the right-hand 
side is greater than or equal to xS(1) > 0 and the profit gap 
grows with cx. Accordingly, larger values of cx make it eas
ier for DE to dominate SE; that is, there exists a function 
CSD(k) such that the principal prefers DE over SE iff 
cx ≥ CSD(k). w

When k < k̃, ΠJE(α) lies above ΠDE(α) when α ≤AD(k) and 
crosses ΠDE(α) from above at α �AD(k) (Lemma B.10), and 
ΠJE(α) is below ΠSE(α) iff α ≥AS(k) and thus crosses it from 
below at α �AS(k) (Lemma B.11).

Lemma B.10. When k < k̃, ΠJE(α) >ΠDE(α) ∀α <AD(k) and 
limα↓AD(k)ΠDE(α)�ΠJE(α) ≥ 0. Hence, Π′DE(α) >Π

′
JE(α) at α �

AD(k).

Proof. When α <AD(k), yD(α) > yS(α) by Lemma B.8. There
fore, ΠJE(α) �maxx αV(x, yD(α))� cxx ≥ αV(0, yD(α)) > αV(0, 
yS(α)) �ΠDE(α), in which the last inequality holds because 
V(x, y) is strictly increasing in y. Conversely, when α >AD(k), 
yD(α) < yS(α) by Lemma 1. Therefore, maxx αV(x, yS(α))�
cxx ≥ αV(xD(α), yS(α))� cxxD(α) > αV(xD(α), yD(α))� cxxD(α) �
ΠJE(α). Taking the limit on both sides when α ↓AD(k), we 
obtain that ΠDE(α) ≥ΠJE(α) at α �AD(k). w

Lemma B.11. When k < k̃, ΠJE(α) <ΠSE(α) iff α >AS(k). 
Hence, Π′SE(α) >Π

′
JE(α) at α �AS(k).

Proof. When α >AS(k), yD(α) < 0 by Lemma B.8. Therefore, 
ΠJE(α) � αV(xD(α), yD(α))� cxxD(α) < αV(xD(α), 0)� cxxD(α) ≤
maxx αV(x, 0)� cxx �ΠSE(α), in which the first inequality 
holds because V(x, y) is strictly increasing in x. Conversely, 
when α <AS(k), yD(α) > 0 by Lemma 1. Therefore, ΠSE(α) �
αV(xS(α), 0)� cxxS(α) < αV(xS(α), yD(α))� cxxS(α) ≤maxx αV 
(x, yD(α))� cxx �ΠJE(α). w

The proofs of Propositions 4 and 5 rely on the require
ment that V(x, y) be given by (6) and appear in the Online 
Appendix.

To compare the equilibrium operating modes with the 
FB ones, define, similar to (B.2)–(B.4): ΠFB

SE�
: V(x̄S, 0)� cxx̄S, 

ΠFB
DE�

: V(0, ȳS)� cyȳS, and ΠFB
JE �
: V(x̄D, ȳD)� cxx̄D � cyȳD when 

(x̄D, ȳD) > (0, 0) and �∞ otherwise. (Recall from Section 4.1

that x̄S and ȳS are always guaranteed to be positive, whereas 
(x̄D, ȳD), defined as the solution to the first-order optimality 
condition, may not be so.) Accordingly, the FB optimization 
problem (1) can be reformulated as follows: ΠFB �max{ΠFB

SE, 
ΠFB

DE,ΠFB
JE }.

Proof of Proposition 6. On the one hand, ΠSE(1) �ΠFB
SE. On 

the other hand, maxα∈[0,AD(k)]ΠDE(α) ≤Π
FB
DE and maxα∈[ADk),AS(k)]

ΠJE(α) ≤Π
FB
JE . Hence, if ΠFB

SE ≥max{ΠFB
DE,ΠFB

JE }, then ΠSE(1) ≥
max{maxα∈[0,AD(k)]ΠDE(α), maxα∈[ADk),AS(k)]ΠJE(α)}. w

The proof of Proposition 7 appears in the Online Appendix.

Endnotes
1 Matt Garman, AWS CEO, December 2025, https://stratechery. 
com/2025/aws-reinvent-agents-for-aws-nova-forge/, accessed in 
February 18, 2026.
2 See https://ai.ac/, accessed in January 2026.
3 To test the robustness of our findings with respect to this assumption 
of no commitment, we consider, in Section EC.2 in the Online Appen
dix, the polar case where the principal can freely commit to an effort 
level before the agent chooses theirs; the characterization of equilib
rium operating modes turns out to be very similar to the case with 
simultaneous efforts, even though it now becomes possible for the 
principal to induce DE by committing to exerting zero effort.
4 The univalence theorem (Gale and Nikaidô 1965, theorem 7(ii)) 

guarantees, when ∂
2V(x,y)
∂x2

∂
2V(x,y)
∂y2 ≠

�
∂

2V(x, y)
∂x∂y

�2
, that there is at most 

one solution to the following system of equations: ∂V(x, y)=∂x � cx 
and ∂V(x, y)=∂y � cy, when 0 < x, y < 1. It applies here because the 
second partial derivatives do not change sign (given that V(x, y) is 
coordinate-wise concave and efforts are strategic substitutes).
5 For instance, when V(x, y) is given by (6), with V0 � 7, k � 0:1 and 
cy � 3, the principal’s payoff is increasing in cx over [8.35, 11.7], 
when the equilibrium operating mode at α∗ happens to be DEC or 
JE. In contrast, the principal’s payoff is decreasing in cx when SE is 
the equilibrium and constant with respect to cx when DEU is the 
equilibrium. This behavior disappears when the principal commits 
to an effort level before the agent because the principal fully inter
nalizes the agent’s response. Applying the envelope theorem to the 
principal’s payoff shows that the principal’s payoff decreases in cx 
under JE in the sequential case.
6 In the left panel, ĉy ≈ 60:1 and ĉx(3) > 15, so this meets the condi
tions of the second case in Proposition 7; in the right panel, 
ĉy ≈ 2:05, so this meets the conditions of the first case in Proposi
tion 7; ĉy is defined in the proof of Lemma EC.11 as the smallest 
value of cy for which (EC.6) does not have a solution for any k.
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