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This paper studies the strategic formation of teams within organizations with
moral hazard, focusing on the impact of agents’ altruism on incentive structures.
The study contrasts teams composed of agents with similar preferences with
teams that integrate diverse preferences. The analysis demonstrates that, for N
identical projects and 2N agents, the principal’s optimal strategy is to form anti-
assortative teams: pairing the most and least altruistic agents, and iterating on the
remaining agents. The analysis implies that optimal assignment balances altruism
across teams, minimizing expected incentive payments.
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1. INTRODUCTION

The composition of teams is a central topic in economics and organizational re-
search, influencing cooperation, incentives, and performance. Foundational works by
Marschak and Radner (1972) and Alchian and Demsetz (1972) established models of
team production. In recent years, substantial research has examined the composition
of teams, focusing on how diversity and implicit incentives affect cooperation, perfor-
mance, and managerial outcomes.!

Over the past three decades, experimental research has provided robust evidence
that individuals exhibit other-regarding preferences and do not act solely out of self-
interest, particularly when their decisions affect others.? Complementing these findings,
studies in organizational and field settings show that such preferences play a signifi-
cant role within firms, shaping worker behaviour, incentive provision, and firm perfor-
mance.’
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Among the various forms of other-regarding preferences, altruism is commonly as-
sociated with Organizational Citizenship Behavior.? It is especially relevant for organi-
zational environments with incentive provision, as altruistic agents derive utility from
their coworkers’ monetary payoffs. In team-based production settings characterized by
moral hazard, this feature implies that incentives offered to one agent affect not only
that agent’s effort choice but also the incentive requirements of coworkers, thereby di-
rectly linking team composition to optimal contract design.

Given this direct link between altruism, incentives, and team composition, man-
agers should account for these preferences when forming teams and designing incentive
contracts. In many organizational environments—such as consulting, engineering, and
software companies—managers are responsible for forming teams to complete projects
while individual employee effort remains unobservable. This setting naturally gives rise
to the following research question: How should a principal optimally form teams and
design incentives when agents differ in their other-regarding preferences, particularly
in their degree of altruism?

To study this question, consider a firm in which a manager must assemble two
teams, each consisting of two agents, from a pool of four agents. Agents’ effort choices
are unobservable, leading to a moral hazard problem for the manager. To identify the
precise effect of altruistic preferences, we assume that the agents are identical except for
altruistic preferences.

These differences in altruism directly shape agents’ incentive requirements. Their
altruistic preferences affect agents’ utility functions: highly altruistic agents are willing to
exert effort for lower incentives than less altruistic agents, as they place greater weight on
the team’s success and well-being. The manager strategically forms two teams with the
aim of minimizing the incentive costs needed to implement high effort. By leveraging
heterogeneity in agents’ altruistic preferences, the manager seeks to improve financial
efficiency while maintaining a productive work environment.

Strategic team formation can be categorized into two principal approaches: ho-
mogeneous and heterogeneous team configurations. Homogeneous matching concen-
trates incentive costs: pairing two low-altruism agents requires high bonuses, whereas
pairing two high-altruism agents may allow bonuses to be very low. This occurs be-
cause the willingness of highly altruistic agents to exert effort for lower bonuses in fa-
vor of team success significantly reduces the overall compensation costs of their team,
whereas the team composed of less altruistic agents concentrates higher incentive re-
quirements by grouping them together. In contrast, the heterogeneous (anti-assortative)
pairing approach explores whether the tendency of a highly altruistic agent to prioritize
collective benefits and work for lower bonuses can counterbalance the financial strain
generated by the higher incentive demands of a less altruistic agent. This approach in-
troduces an incentive structure in which compensation extremes may be moderated,
thereby offering an intermediate outcome that can lead to more efficient financial re-
sults.

4See Barghouti et al. (2023), Rioux and Penner (2001), Wagner and Rush (2000)
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Building on this intuition, the present study formally analyzes the principal’s optimal
team formation problem under moral hazard. The principal’s goal is to maximize ex-
pected profit by exploiting heterogeneity in agents’ altruistic preferences. Accordingly, it
examines the economic and behavioural dynamics of all potential team formations and
assesses their implications for wage management and financial efficiency. By integrating
principles of behavioural economics into team formation, this study provides insights
into optimizing human resource management within typical organizational settings.

Extending the intuition outlined above, we show that when a principal faces two
identical projects, the optimal strategy is to form heterogeneous teams. The key driver
of this result is the asymmetric response of incentives to altruistic preferences: Cefteris
paribus, altruistic agents derive greater utility from their coworkers’ bonuses, reduc-
ing their need for incentives. In contrast, the least altruistic agents derive only a small
positive effect from their coworkers’ rewards and, therefore, require higher bonuses.
Pairing these two types creates incentive-based complementarities: the most altruis-
tic agents are willing to exert effort for lower bonuses when their teammates are well-
compensated, while the least altruistic agents require high bonuses despite receiving
little utility from coworkers’ bonuses. This preference alignment reduces total incentive
costs, making anti-assortative team formation efficient under moral hazard.

Consequently, when projects are identical, the principal can focus exclusively on
how agents’ altruistic preferences interact in team formation to achieve optimal out-
comes. We establish that this result generalizes to environments with N identical
projects and 2N agents, in which the principal must form N teams.

In the discussion, we examine the impact of self-organized team formation—where
agents choose teammates before contracts are set—on the principal’s strategy. By an-
alyzing this alternative timing, we illustrate the robustness of the optimal team forma-
tion results in decentralized and collaborative settings characterized by altruistic prefer-
ences. Importantly, there is no conflict between the agents’ and the principal’s interests
regarding team formation.

Next, we discuss optimal agent selection. Managers often face the challenge of se-
lecting a subset of employees for specific tasks or projects due to budget or resource
constraints. This common organizational problem involves choosing the most suitable
combination of workers from a limited pool to optimize project outcomes, and we show
that it is optimal to assemble a team with the most altruistic agents from the pool.
Another aspect explored in the paper is the presence of non-zero outside options for
agents, where we demonstrate that the main results remain robust regardless of the na-
ture of these outside options. Next, we analyze the uniqueness of the equilibrium and
show that the results remain robust when the principal enforces a unique equilibrium
outcome.

We further show that the results continue to hold when agents may exhibit not only
altruistic but also spiteful preferences. Finally, we discuss the fairness of the results
within the organization and provide several possible extensions for future research.
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2. RELATED LITERATURE

Our research is related to the literature on teamwork, free-riding, the impact of other-
regarding preferences on team effectiveness, and strategies for optimal team formation
among diverse agents.

First, our work contributes to the growing literature on team formation and diversity.
Glover and Kim (2021) show that heterogeneous teams strengthen relational incentives,
while Imhof and Kr#kel (2023) analyze how diversity interacts with promotion schemes
to shape performance. Dong et al. (2024) examine how communication costs influence
diversity in team formation, and Dong and Mayskaya (2024) investigate how team ob-
jectives determine optimal cognitive diversity. Franco et al. (2011) highlight that team
incentive problems can lead to monotone matching and that negative sorting may arise
even in the presence of strong production complementarities. Bel et al. (2015) study how
to optimally combine familiar (incumbent) and unfamiliar (newcomer) workers when
project outcomes depend on team production. Finally, Blanco-Ferndndez et al. (2025)
use agent-based modeling to explore how dynamic team composition and coordination
choices affect performance. Similar to this literature, we consider heterogeneous agents
with respect to altruistic preferences and show that anti-assortative matching can be
optimal.

Second, our paper relates to the literature on other-regarding preferences and team-
work. After establishing the importance of other-regarding preferences in decision mak-
ing,> subsequent studies theoretically examine their role in teamwork, including Itoh
(2004), Rey-Biel (2008), Bartling (2011), Livio and De Chiara (2019), and Sarkisian (2021).
This literature advances the analysis of optimal incentives within teams characterized
by heterogeneous other-regarding preferences. These studies focus on inequity aver-
sion and reciprocity, offering insights into how principals could take advantage of these
preferences to structure more effective incentive schemes. Unlike our approach, which
models team formation, this body of work takes teams as given and highlights the com-
plexity of agent interactions, as well as the potential for principals to strategically lever-
age other-regarding preferences to enhance organizational outcomes.

Demougin and Fluet (2003) explore how workers’ envy affects the cost-effectiveness
of group versus individual bonus schemes. They observe that the choice between the
two depends on the agents’ outside options and available performance measures. In
our analysis, we investigate how variations in agents’ outside options impact the princi-
pal’s strategy, thereby examining the robustness of our results when this assumption is
relaxed.

Daske (2017) is closely related to our work. The paper shows that successful staffing
requires knowledge of interpersonal relationships and that no universal mechanism
guarantees efficiency for team formation. In Daske (2017), similar to us, the author
considers static settings and looks for optimal team formation, given that four identi-
cal agents have different other-regarding preferences. However, our approach diverges
significantly regarding the preference dynamics between agents. Daske’s model allows

5See Levine (1998), Fehr and Schmidt (1999), Dufwenberg and Kirchsteiger (2000), Abbink et al. (2000),
Andreoni and Miller (2002), Engelmann and Strobel (2004), Bandiera et al. (2005), Hamilton et al. (2012)
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agents to have distinct preferences toward various coworkers, yet maintains consis-
tent other-regarding preferences between any two specific agents. Consequently, within
Daske’s framework, agents cannot differ in their other-regarding preferences toward
their teammates: while preferences may vary across outsiders, within-team preferences
are assumed to be identical.

Another notable distinction lies in the analytical treatment of the cost function.
Daske’s outcomes are influenced by the convexity of the marginal cost function, par-
ticularly the behaviour of its third-degree derivative. In contrast, our study simplifies
this aspect by assuming a constant cost of effort, eliminating the influence of higher-
order derivatives on our results. This difference in handling the cost function introduces
a distinct methodological divergence between the two studies.

Existing work on other-regarding preferences in teams typically takes team com-
position as given, while work on team formation under moral hazard often abstracts
from heterogeneity in other-regarding preferences. We study a setting where a princi-
pal designs incentives and chooses the assignment when agents differ in their other-
regarding preferences. Under identical projects, the cost-minimizing assignment is anti-
assortative matching.

The structure of the paper is as follows. Section 3 introduces the theoretical model
and its assumptions. Section 4 presents the main results. Section 5 examines the robust-
ness of these findings and discusses possible extensions. Section 6 concludes. Appendix
A contains the proofs of the main results, and Appendix B provides the proofs for the
discussion.

3. MODEL
3.1 Setup

Consider a principal-multi-agent model in which agents exhibit altruistic preferences.
The principal seeks to implement two projects, indexed by n € {1, 2}, each requiring two
agents’ effort, and either succeeds or fails. Upon success, project n generates a revenue
of R, > 0.

The set of agents is denoted by A = {a,b,¢,d}, agent i € A chooses effort e; € {0,1},
where ¢; = 1 means work and e; = 0 means shirk. Exerting effort entails a cost & > 0,
identical across agents, whereas shirking is costless. The agent’s effort is not observable
to the principal.

The probability of success of project n is p™ : {0,1}2 — [0, 1]; let Pee; = p"(ei,ej). The
probability function of each project increases with the effort of the agents, thus satisfy-
ing the inequality 1 > p}; > p; = pTy > pip = 0. We assume that all agents have identical
productivity and that the revenue from each project is sufficient for the principal to pre-
fer high effort over low effort.®

For both projects, the principal will optimally select team formation ({,5}{g,h})
from all potential team formations 7,

T ={({a,b}{c,d}), ({a,c}{b,d}), ({a,d}{b, c}), ({c,dHa,b}), ({b, d}{a, c}), ({b, c}{a, d}) }.

6Implementing (work, work) via the minimal-cost contract yields a higher expected profit than any low-
effort outcome.



In ({i,7}{g,h}), {i,j} represents the first project team and {g, 1} represents the second
project team, if projects are identical, then the matchings {i, j}{g,h} and {g, h}{i,j} are
equivalent.

It is assumed that all parties involved are risk-neutral. Additionally, all agents are
subject to limited liability, such that the principal cannot impose negative transfers. The
outside options of the principal and the agents are normalized to zero.”

The principal’s ex-ante payoff from each project is:

n n n n _n 3 n n n
Tn (Wi, w3, by, b3, €is€5) = pee (Rn — by — blf;) — wiy — wi; (1

(wiy, b7;) is offered to agent i working on project n with agent j by the principal; w}
represents the fixed wage and b;; the bonus.
Agent i’s ex-ante utility on project n is:

ui(wys, wis, by, b, e, e5) = vig(wis, bi) — eik + avji (Wi, b3;) 2)

vij(wys, b)) = wik + Pe;e;bij 18 the expected monetary payoff of agent i. In agent i’s
expected utility, vj; (w};, b7;) represents the expected monetary payoff of the other agent
working on project n. o; € [0,1) expresses agent i’s degree of altruism.? «; is common
knowledge.®

If «; is positive, agent ¢ is altruistic and the agent’s utility increases with the
coworker’s expected monetary payoff; if «; is zero, agent i is selfish. The restriction
0 < a; < 1 ensures that agent i places more weight on the agent’s direct payoff compared
to the payoff of the coworker.

The only difference among agents lies in their altruistic preferences, which are fixed
and independent of the identity of their coworkers. Without loss of generality, the agents
are ordered according to their preference parameters as follows: a, < ap < a. < a4 SO
agent a is least altruistic, agent d most altruistic.

The sequence of moves in the game proceeds as follows: First, the principal forms
teams and offers contracts to the agents. Then, agents observe their own and their
coworker’s contracts. If all agents accept the contracts, they simultaneously choose their
effortlevels. Next, the outcomes of the projects are observed, and the agents receive pay-
ments according to their contracts. If a contract is rejected, the principal and the agents
resort to their outside options.

In the game, we seek a subgame perfect Nash equilibrium where agents accept the
contract, and in each project, both agents choose to work.

3.2 Principal’s problem

Given that the revenue from each project is sufficient for the principal to prefer high ef-
fort over low effort, the principal’s objective is to minimize total expenditures over group

Section 5.3 relaxes this normalization by permitting a nonzero common outside option.

8Section 5.6 extends to a; € (—1,1).

91f altruistic preferences were based on the coworker’s net material payoff — that is, their total monetary
gain minus their costs — the results of the paper would remain unchanged.
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formation and the wage schedule. This is subject to the agents’ incentive compatibility,
participation, and limited liability constraints.

2
min PR B + 1) +
({i-d}{g,h))eT ; S
wiy,wiy,biy b ER

8.t ui(wgg, wiy, b, 0%, 1, 1) > g (wif, wiy, b7, 07, 0,1),Vi € A,n € {1,2}, (IC)
ui(wys, wi, b, 0%, 1,1) > 0,Vi € A,n € {1,2}, (PC)

wznj —|—b?j > O,w% >0,Vie A,ne{l,2}, (LLC)

The incentive compatibility constraint requires that agent ¢ prefers to work rather
than shirk, given that the other agent works. The participation constraint indicates that
an agent ¢’s expected utility must be at least as high as the agent’s outside option. This
means that agent 7 should prefer to accept the contract, assuming that both agents ex-
ert effort. The limited liability constraint states that the agent’s ex-post payoff must be
nonnegative.

The optimal team formation is defined as the selection of team formation and con-
tracts that are designed to minimize the total expected compensation costs associated
with implementing high effort by all agents.

4. MAIN RESULTS
4.1 Analysis

We solve the optimization problem in two steps. First, for any fixed team formation,
we characterize the cost-minimizing wage contract that implements high effort. Sec-
ond, given these optimal contracts, we compare total compensation costs across team
formations and select the cost-minimizing assignment.

On project n, when the wage schedule of agent : meets the incentive constraint, it
implies that if the coworker works, agent i prefers to work rather than shirk. Simplifying
agent ¢’s incentive constraint, we obtain:

p1by; — k + cipt1b%; > pp1 by + aipp1bj; 3)

The term for a fixed wage was omitted because it appears on both sides of the ex-
pression. Rearranging yields,

k
~ Pl — POt

n

This expression shows that the lowest bonus, which ensures that agent i chooses to
work, decreases in «;. Put differently, the principal prefers higher values of «;, enabling
her to induce agent : to exert effort for a lower incentive.
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Note that the incentive constraint is similar for agent j; only subscripts are swapped.

b > M — ;b (5)
We now relax the problem by dropping (PC) and (LLC), later ensuring that they are sat-
isfied by the optimal solution to the relaxed problem. If the incentive constraint is non-
binding, the principal has the flexibility to reduce the bonus schedule, thereby reducing
expected compensation cost. This reduction can continue until the constraint becomes
binding, ensuring that the agent still has sufficient incentive to exert the effort. Indeed,
suppose that one of the incentive constraints is slack, say for agent j. Then the princi-
pal can reduce b;; by € > 0 without violating (IC;). This decreases agent i’s utility from
working by «;e. To keep (IC;) binding, the principal increases b;; by a;e. Because a; < 1,
the reduction in b;; exceeds the required increase in b;;, so the principal’s expected com-
pensation costs reduce by p11(1 — a; )e > 0. Hence, both incentive constraints (4) and (5)
must bind at the optimum. Substituting (5) into (4) yields the optimal bonus for agent

k(1 — ay)
(P11 — po1) (1 — i)

nx __

(6)

Let us denote b = 1 hence

k .
Pt —pg1)’
(1 — Oti)

b* = by
“ 0 (170@05]')

For any o, a; € [0,1), the bonus is nonnegative. We know that the project can fail; there-
fore, the (LLC) constraint will be satisfied if and only if v} is weakly positive. Hence, the
contract in which the fixed wage is equal to zero, (w;}, ;) = (0, *), satisfies the limited
liability constraint.'?

LEMMA 1. For given pair {i,j}, (w3, b;) = (0, b?j*) is the optimal contract. It satisfies in-
centive compatibility, limited liability, and participation constraints.

Detailed proofs of all lemmas and propositions are provided in the appendix.

4.2 Comparative statics

First, observe that the optimal bonus for agent i decreases with his degree of other-

regarding preferences, 631_ < 0. An increase in the agent’s altruism raises the weight
placed on the coworker’s wage in the agent’s utility function, thereby increasing the util-
ity derived from the coworker’s monetary compensation. As a consequence, the agent

requires lower monetary incentives to exert effort (see Figure 1(a)).

10Note that if agents do not exert effort, their expected payoffs are nonnegative under the optimal con-
tract; however, (work,work) is the payoff-dominant equilibrium for the agents. The uniqueness of the
equilibrium is addressed in Section 5.4.
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(a) Effect of own altruism (b) Effect of coworker altruism.

FIGURE 1. Notes: In both graphs b{y = 1. Panel (a) shows how agent i’s optimal bonus behaves
when agent ¢’s altruistic preference changes while the coworker’s is fixed. In the blue dashed
curve, o; = 0.6, and in the red curve, o; = 0.2. Panel (b) illustrates how agent ¢’s optimal bonus
behaves when agent ¢’s altruistic preference is fixed while the coworker’s varies. The blue dashed
curve shows the optimal bonus for an agent with a; = 0.6. The red curve represents an agent’s
optimal bonus when the agent is less altruistic o; = 0.2.

Furthermore, we show that for altruistic agent ¢, the optimal bonus increases with
ij

.y . b A . .
agent j’s degree of altruism, —*2~ > 0. Thus, for altruistic agents, the optimal bonus rises
J

as their coworker becomes more altruistic. The intuition is that, when agent i’s coworker
becomes more altruistic, the coworker requires a lower bonus to exert effort, which re-
duces the coworker’s expected monetary payoff. As a result, the altruistic agent derives
less utility from the coworker’s monetary payoff. Consequently, to sustain the altruistic
agent’s effort incentives, the principal must offer a higher bonus (see Figure 1(b)).

To further clarify the relationship between these comparative statics, we highlight
the connection between the two panels in Figure 1. In panel (a), agent ¢ consistently re-
quires a lower bonus when matched with a less altruistic coworker, as reflected in the
comparative statics discussed in panel (b). Conversely, panel (b) shows that agent i re-
quires a lower bonus when he himself is more altruistic, consistent with the relationship
illustrated in panel (a). Together, the two panels emphasize the role of own and coworker
altruism in shaping optimal incentive provision.

Altruism affects the optimal contract through two channels: (i) a direct effect, where
an agent’s utility depends on the coworker’s wage, and (ii) an indirect effect, which cap-
tures how the interaction between the agents’ altruistic preferences influences the in-
centive structure.

Let us illustrate how these comparative statics highlight two distinct channels
through which altruism affects optimal incentive provision. Ceteris paribus, an increase
in an agent’s own altruistic preferences reduces the bonus required to induce effort, as
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the agent places greater weight on the coworker’s monetary payoff. By contrast, ceteris
paribus, an increase in the coworker’s altruistic preferences affects incentives only indi-
rectly: it lowers the coworker’s required bonus and thus the coworker’s expected mone-
tary payoff, which reduces the utility that an altruistic agent derives from the coworker’s
compensation. To maintain effort incentives for such an agent, the principal must there-
fore increase the bonus offered to the altruistic agent.

4.3 Identical projects

For the following analysis, we assume that the success probability functions are identical
across projects (Pil-ej = pziej ); accordingly, we omit the superscript indexing the project.

Two selfish agents and two altruistic agents: o, = o =0 < a. < ay.

In this case, the principal has to choose between two team-forming options: plac-
ing two selfish agents in the same group and two altruistic agents in the other group,
or forming mixed teams. There are three possible team formations. However, in this
particular case, two of these options coincide, namely ({a,c}{b,d}) and ({a,d}{b,c})
which yield identical optimal contracts because, in both formations, an altruistic agent
is matched with a selfish agent.

The total bonus payment under the team formations ({a,d}{b,c}) and ({a,c}{b,d})
is equal and given by:

bad + bda + bbe + bep = bo + bo (L — ag) + bo + bo(1 — ac) = 2bo + bo(1 — ag) + bo(1 — ac)
While the total bonus payment for ({a, b}, {¢,d}) team formation is equal to:

bo(1 — ag) N bo(1 — )

ba + bpg + beq + bge = 2bo +
1—acay 1—acay

Since 0 < a, g < 1, the total bonus payment for the homogeneous teams ({a, b}, {c,d})
is higher compared to the heterogeneous team formations. Thus, we can conclude with
the following lemma.

LEMMA 2. When presented with two selfish and two altruistic agents, the principal’s op-
timal team formation strategy is to form heterogeneous teams.

This result follows from heterogeneity in agents’ utility functions. Altruistic agents
benefit from higher coworker wages, whereas selfish agents are unaffected by them.
Consequently, altruistic agents require lower bonuses when paired with selfish agents
than when paired with other altruistic agents, making such pairings cost-minimizing
for the principal.

We now transition from the introductory example to the general model. Accordingly,
each of the four agents may exhibit any degree of altruistic preferences. For each agent
i € A, the preference parameter «; can take any value in the interval [0,1), as defined in
the setup. We proceed to examine whether the team formation principle identified in
Lemma 2 continues to hold when agents’ altruistic preferences vary.

10
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In particular, the central implication of this principle is that pairing the most altruis-
tic agent with the least altruistic agent reduces the bonus required for the most altruistic
agent.

When all agents are altruistic, the agent with the highest degree of altruism derives
the greatest utility from the coworker’s compensation. Consequently, this agent is willing
to accept the lowest bonus when paired with the least altruistic agent, who in turn re-
quires the highest bonus among all agents when matched with the most altruistic agent.
Since the least altruistic agent derives the smallest utility gain from the coworker’s com-
pensation, it is efficient to pair this agent with the most altruistic agent, who requires the
lowest bonus. This pairing not only minimizes total compensation costs for the team
but also exploits the remaining agents’ altruistic preferences. Specifically, the remain-
ing agents—being more altruistic than the least altruistic agent—derive greater mutual
utility when paired together than if either were matched with the most altruistic agent.
Therefore, the optimal strategy is to form one team consisting of the most and the least
altruistic agents and another team comprising the remaining two agents.

The following proposition formalizes this intuition.

PROPOSITION 1. In scenarios involving any four agents with o, < ap < ac < g, the prin-
cipal’s best strategy is to pair the most altruistic agent with the least altruistic agent. The
remaining two agents form the second team.

Next, we characterize optimal team formation by providing alternative conditions
that yield the same prediction. First, we introduce a statistic, which plays a key role in
this characterization.

DEFINITION 1. For any team formation ({ij},{gh}) € T, p({; j11¢,n}) is the absolute dif-
ference between the two teams’ average altruism levels, thus

it aj Qg+ ap
H(gigHen) = =5~ — 5|

The statistic © measures how unevenly altruism is distributed across the two teams:
a smaller ;; means the teams are more balanced in terms of altruism.

PROPOSITION 2. In scenarios involving any four agents with 0 < «ag,ap, ac,0q < 1, the
principal’s optimal team formation minimizes the absolute difference between the two
teams’ average altruism levels.

Intuition — Lemma 1 implies that the minimum bonuses required to implement
high effort for a pair {, j} depend on both «; and «a;, because each agent’s incentive
constraint includes the utility effect of the coworker’s compensation. Moreover, an in-
crease in altruism reduces incentive costs more when it is paired with a low-altruism
coworker than when the coworker’s altruism is already high. Hence total expected wage
costs are minimized by balancing altruism across pairs (minimizing ¢), which yields
anti-assortative matching.

11



Appendix A shows that among two-team partitions, the cost ordering coincides with
the ordering induced by .

A natural and intuitive question arises concerning the principal’s optimal strategy
in a setting with N € N projects and 2N agents. Specifically, how should the principal
efficiently structure team formation across projects while simultaneously determining
optimal contract offers for the agents? Addressing this question requires a systematic
analysis of team composition strategies that accounts for agents’ heterogeneous prefer-
ences and incentive constraints. Building on the result of Proposition 1, our objective is
to derive strategic insights that characterize optimal team formation and contract allo-
cation in environments with NV projects.

PROPOSITION 3. When the principal faces N identical projects and 2N agents—so that
each project is assigned to two agents—the principal’s optimal strategy is as follows:

1. Pair the least altruistic agent with the most altruistic agent. If agents do not differ in
their altruistic preferences, pair agents arbitrarily.

2. For the remaining agents, repeat step 1 until all agents are paired.

Proof sketch: Order agents by their degree of altruism. Suppose, for contradiction,
that an optimal team formation is not anti-assortative. Then there exist two teams
forming a non-extreme pair'! among four agents, in which the least altruistic agent is
matched with an intermediate agent while the most altruistic agent is matched with an-
other intermediate agent. By Proposition 1, swapping agents across these two teams so
as to pair the least and most altruistic agents (weakly) reduces the principal’s total in-
centive cost (ties arise only when some «’s coincide). This contradicts the optimality of
the original team formation. Hence, anti-assortative matching is optimal.

Note that when a’s coincide, multiple optimal matchings exist; all satisfy anti-
assortative pairing up to permutation.

5. DISCUSSION

We now examine whether the optimal team formation result is sensitive to institutional
features commonly observed in organizations. First, we examine whether there is a con-
flict between the optimal team formation of the principal, aimed at minimizing incen-
tive costs, and the preferences of the agents regarding the composition of the team. We
show that, under our assumptions, the agents’ team choices align with the principal’s
cost-minimizing configuration, and thus no conflict emerges. Next, we consider how the
principal should optimally form a team when only three agents are available by identi-
fying which agent should be excluded to achieve the most efficient outcome.

We further investigate the robustness of our results along several additional dimen-
sions. We then explore the effect of varying outside options, assuming that all agents
have the same outside option, which may nevertheless take arbitrary values. This allows

1A pairing contains a non-extreme pair if there exist agent indices g < h < i < j for which the matching
does not assign agents g to j and agents h to <.
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us to assess how external opportunity costs influence the structure of optimal contracts.
We also analyze the uniqueness of equilibrium and confirm that our results hold un-
der conditions that eliminate multiple equilibria. Finally, we revisit the assumption that
each team consists of two members, question its optimality, and provide support for this
structure within our framework. In addition, we extend our analysis to an environment
in which agents may exhibit not only altruistic and selfish preferences but also spiteful
preferences, and find that the main results continue to hold in that setting. Taken to-
gether, these extensions broaden the scope of the analysis and confirm that the main
results remain robust.

5.1 Stability

In real-world environments, particularly in decentralized organizations or collabora-
tive settings, agents often form teams before formal contracts or incentive schemes are
determined. This endogenous team formation may influence the overall efficiency of
the principal’s strategy, especially when agents exhibit altruistic preferences. To assess
whether the optimal team formation identified in the results remains valid under an al-
ternative timing structure, we consider a scenario where agents select their teammates
before the principal designs contracts. This allows us to test the robustness of the main
results to institutional variations in the sequencing of decisions.

We consider a setting with two identical projects and four agents. While the under-
lying model remains unchanged, the timing is modified as follows:

First, agents form teams, and after observing these team formations, the principal
offers them contracts. The agents then review the contract terms. If the contract is ac-
cepted, the agents work simultaneously on the project and are compensated based on
the project’s success. If the contract is rejected, both the agents and the principal revert
to their respective outside options.

Therefore, the principal’s minimization problem for a given team formation be-
comes:

2

3 " V3 " n n

, mn o E P11 (b +0%;) + wi; + wi
wijwinbipbi€R 2y

s.t.wi(wiy, wi, by, 075, 1,1) > u, (wiy, wiy, by, b5, 0,1),Vi € A,n € {1,2}, (IC)

ui(wys, wi, b, 0%:,1,1) > 0,Vi € A,n € {1,2}, (PC)

wis 4+ by > 0,w > 0,¥i € A,;n € {1,2}, (LLC)
Agents anticipate that the principal will offer a contract derived from binding (IC)

and (LLC) constraints that satisfy PC constraints. Given the results in the subsec-
tion Analysis, agent ¢, paired with agent j, will receive the contract offer (w};,b}.) =

137 °1]
(0,62 %) Therefore, the expected utility of the agent is
i
* * ok 1k n (1—@1‘) n (170[]') n
1 YR RSV E ’i71a1 = 5 N [ o N -
ui(wy;, wi;, b, b3 ) =p11bg (= aya;) k 4+ a;p11bg (1 —aa,) p1iby —k  (7)
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Note that the equation (7) implies that agents’ expected utilities are independent of team
composition. Hence, agents are indifferent over coworkers, and any team formation can
arise in equilibrium; therefore, the principal can implement her preferred team forma-
tion via a simple coordination mechanism (e.g., a public recommendation/assignment
device that agents follow when indifferent).

This outcome is derived from the design of the contracts so that each agent’s ex-
pected payoff is equal to that of a purely self-interested agent. This ensures that the ex-
pected utility of an agent is directly related to the agent’s contribution to project success.
Consequently, under the cost-minimizing contracts characterized above, equilibrium
expected utility does not vary with agents’ altruism level or teammate identity.'?

In the case where the principal offers contracts before agents form teams, the same
outcome can be achieved by designing a tailored contract schedule for each agent, con-
tingent on their prospective team composition. Under this scheme, both the agent and
their teammate receive bonus payments that reflect their own and their partner’s other-
regarding preferences. Specifically, the principal provides each agent with a contract
schedule comprising three distinct bonus levels, one for each potential pairing, given
that there are four agents in total and each agent has three possible teammates.

Formally, the principal first announces a menu of contracts indexed by partner iden-
tity; after teams are formed, the corresponding contract is implemented without rene-
gotiation.

Therefore, there is no conflict between the agents’ and the principal’s interests with
respect to team formation. Under the cost-minimizing contracts, agents are indifferent
among potential teammates in equilibrium.

5.2 Which agent should be excluded from team formation?

Situations where a manager must select a subset of employees for a particular task or
project are common in organizational settings. For instance, consider a project manager
at a consulting firm who has three equally qualified agents available for an assignment,
but can only select two due to budget or project constraints. The manager must decide
which two agents to include and which to exclude from the project. Such situations fre-
quently occur in practice when making staffing decisions, which involve selecting the
most suitable combination of workers from a limited pool.

We now adjust our model to the scenario. Consider a case in which the principal has
to select two out of three agents {a, b, c}. Agents are ordered with their altruistic prefer-
ences 0 < aq < ap < a, < 1. Therefore, the principal has to choose among three possible
team formations T = {{a, b}, {a,c}, {b, c}} for the given optimal incentive contracts, de-
rived in (6). Thus, the expected total cost for the (ij) team is

1—ay 1—aj
TCp; 1 =b —b

1—-o4a;

12Note that the result is not driven by the specific form of agents’ altruistic preferences: it continues to
hold when altruism depends on the teammate’s identity.
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Let us examine the derivative of the total cost with respect to a given variable «; (note
that the expression of the derivative is the same if instead we look at another variable).

8T0{i7j} :—b0172aj+0§ — b (1705]')22 0 ®
Oay; (l—OziOéj) (1—0(1'043')

The total cost of the team is decreasing in any agent’s altruistic preferences. Therefore,

we can conclude that when we need to form a team of two members, it is optimal to

select the two most altruistic agents. The number of available members from which we

choose the agents is irrelevant.

This result follows from the observation that, in any team formation, the principal
prefers to include the most altruistic agent, as this agent is willing to exert effort for the
lowest bonus. The selection of the second team member then involves a trade-off that
depends on the nature of the remaining agents’ altruistic preferences.

When paired with agent a, agent ¢ requires a lower bonus than when paired with
agent b, due to agent a’s smaller altruistic preferences. Conversely, agent « demands a
higher bonus than agent b when paired with the altruistic agent c. In this case, the op-
timal team comprises the two most altruistic agents. This outcome arises because the
marginal gain from selecting a more altruistic agent outweighs the potential cost savings
from choosing an agent with weaker altruistic preferences.

We now generalize the analysis to a broader setting where the principal must form
multiple teams. Suppose the principal needs to implement N projects and, for this pur-
pose, must form N teams, each consisting of two agents, selected from a pool of 2NV + 1
available agents. In this scenario, the principal faces an additional decision: one agent
must be excluded from team formation. Our analysis shows that it is always optimal for
the principal to exclude the least altruistic agent. This strategy minimizes the total in-
centive costs across teams by ensuring that the remaining agents are paired in a way
that explores the complementarities of their preferences, following the same principles
established in the earlier two-team case.

5.3 Outside options

In the previous analysis, we assumed that agents’ outside options were normalized to
zero, which simplified the incentive design problem. However, in many real-world set-
tings, employees have alternative opportunities that affect their participation decisions.
To capture this more realistic environment, we relax this assumption and consider the
case in which agents have non-zero outside options, that is, when U # 0 while main-
taining identical projects. This extension allows us to examine how outside options in-
fluence team formation and incentive structures.

It is important to note that, if the outside option is such that the incentive compati-
bility constraint governs the agent’s optimal contract, the result remains unchanged: the
principal continues to tailor the contract to the agent’s effort in order to provide optimal
incentives. We summarize this observation in the following claim.

LEMMA 3. If U < - Pmk

nx _ I
o thenw(,” = 0 and all previous results hold.
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In other words, the principal withholds any fixed wage when bonus payments alone
suffice to satisfy the agents’ participation and limited liability constraints and to induce
effort.

We now proceed to examine optimal team formation in the case where the optimal
contract is not determined by the incentive compatibility constraint alone. In this set-
ting, the bonus payment implied by incentive compatibility is insufficient to satisfy the
participation constraint. Consequently, we solve the principal’s problem starting from
the participation constraint. The principal’s problem is therefore as follows:

2
Z p11(bi5 + bj) + wij + wi;

min
(ii,j}{gyh})ET el

wij,w?i,b?j,b?iER
s.t.wi(wi, wi, by, 03, 1,1) > ug (wis, wiy, by, b%;,0,1), Vi€ A,n € {1,2}, (IC)
ui (wis, wi;, b7, b, 1,1) > U, Vie A,ne{1,2}, (PC)

wis + by > 0,w; >0, Vi€ A;n € {1,2}, (LLC)

From binding (PC) we have wys = U+k— p11b} — ai(pllb?i + w;@), solving simul-
_ (1—ay)(U+k)
- 1—aiaj
restate the problem, and let us drop the (LLC) constraint for a while and check it in the
end. Thus,

taneously, we obtain wfj* — pllb?j . Let us use the result from (PC) and

2 — —
— 1— s
min 3 0=ad0+R) | (1-a)0+h
({i,j;l}{%,h})eT 1 1—a04 1— a4

ij0ji €1

st wi(wiy, wiy, b, b3, 1, 1) > wi(wiy, wiy, b5, 07;,0,1),Vi € A,n € {1,2}, (IC)
In the incentive constraint, a fixed wage and an outside option appear on both sides
of the inequality and consequently cancel each other out. Substituting the binding par-
ticipation constraints into the principal’s expected payment shows that the objective is
independent of the bonuses. Thus, among the set of (IC)-satisfying bonuses, the princi-
pal can, without loss of generality, pick the minimal bonuses (the IC-binding) and adjust
fixed wages to satisfy PC.

Let us examine the expected payoff of the agents, where b?j* is any bonus which
satisfies (IC), w?j* +p11b%* = w
satisfied.

Denote w’ =U +k , hence wl%* +pub}y* = w’% We observe that the principal’s
i

> 0, and this is strictly positive. Thus, (LLC) is

J
contract has a structure similar to the one derived in Subsection 4.1, "Analysis." The

primary difference lies in the fixed part of the contract. Unlike the previous scenario,
where the fixed wage was zero, the principal now includes a non-zero fixed wage. This
adjustment effectively removes the bonus component from the expected payoffs of both
parties.

Accordingly, the procedure for constructing teams under the contract structures
specified above closely parallels the approach developed in the section presenting the
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main results. This consistency arises from the principal’s strategic use of contracts that
incorporate a fixed wage component. By embedding a fixed component within the con-
tract, the principal, as in the earlier analysis, exploits the altruistic preferences of team
members. This mechanism allows the principal to minimize total wage expenditures,
while still satisfying the agents’ participation and incentive compatibility constraints. As
aresult, the logic of optimal team formation remains fundamentally unchanged, despite
modifications to the contract structure.

PROPOSITION 4. Whenever implementation is feasible, in scenarios involving any four
agents and any outside option U € R, the principal optimally pairs the least altruistic
agent with the most altruistic agent. The remaining two agents form the second team.

Consequently, Proposition 3 also holds.

5.4 Uniqueness of equilibrium

The structure of the production technology determines whether the optimal contract
results in a unique equilibrium. When the production function is supermodular, the
marginal productivity of an agent increases with the effort level of their teammate
(p11 — po1 > po1 — poo)- This complementarity may lead to multiple equilibria. In such
scenarios, if one agent chooses to shirk, the reduced productivity lowers the other
agent’s expected benefit from exerting effort. This makes shirking a best response and
reinforces the non-cooperative outcome, (shirk, shirk) as an equilibrium.

In contrast, when the production function is submodular, the marginal productiv-
ity of an agent decreases as the effort of their coworker increases. When incentives lead
to an equilibrium of (work, work), an agent derives a higher payoff from exerting effort
when their partner shirks. This makes work the dominant strategy. This strategic substi-
tutability guarantees a unique equilibrium in which the outcome of both agents working
is the only equilibrium.

Since supermodularity can generate multiple equilibria, we consider the optimal
incentive-inducing contract as defined in Winter (2004).'3 Such a contract induces
(work,work) as the unique equilibrium at minimal cost.

To derive an optimal incentive-inducing contract when the probability function is
supermodular, the principal must ensure that, within each team, one agent has work as
a dominant strategy, while the other agent’s best response is also work, given the belief
that the coworker will exert effort with certainty.

To characterize the optimal incentive-inducing contract and the corresponding
team formation strategy for the principal, we first identify which agent within a team
should be assigned a dominant strategy. The agent assigned the dominant strategy re-
ceives a higher bonus than the coworker. Accordingly, when a team consists of two
agents with different degrees of altruism levels, the key question becomes which agent
should receive the higher bonus.

13A contract is an optimal incentive-inducing contract if (i) there exists no alternative contract with a
lower total reward that implements a unique equilibrium, and (ii) for any € > 0, the contract with incentive
payments increased by e implements a unique equilibrium.
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LEMMA 4. Suppose agents i and j work on the same project and 0 < a; < o; < 1. In the
optimal incentive-inducing contract, the principal offers a higher bonus to agent j; thus,
agent j should have "work" as a dominant strategy.

The central insight is that when agent j has a dominant strategy, any additional com-
pensation of magnitude Ab provided to agent j, when agent ¢ is altruistic, allows the
principal to reduce the bonus offered to agent i by a; Ab. Consequently, the principal’s
net cost of implementing an incentive-inducing bonus becomes (1 — «;)Ab. This indi-
cates that it is more cost-effective for the principal to allocate higher incentives to the
agent with weaker altruistic preferences (i.e., lower «), thereby minimizing overall con-
tractual expenditures.

Po1—Po0
ASSUMPTION 1. a4 < P—por”

Assumption 1 is introduced to restrict the model to economically meaningful incen-
tive schemes. In particular, it excludes parameter values under which—due to very high
altruism—an agent would exert effort even when his own success payment is nonposi-
tive, solely because of the positive externality generated by the coworker’s incentive.

Based on Lemma 4, we can characterize which agent within a team must receive
the higher incentive. We use this insight to determine the most efficient team forma-
tion from the principal’s perspective. In particular, consider agents a and d, who are the
least and most altruistic agents, respectively. Lemma 4 implies that, under the incentive-
inducing contract, agent a always requires a higher bonus than their teammate to exert
effort, whereas agent d can be induced to exert effort with a lower bonus.

We derive a weak ordering over the set of feasible team formations from the prin-
cipal’s perspective. With respect to minimal total incentive costs, pairwise comparisons
show that ({a,d},{b,c}) weakly dominates ({a,c},{b,d}), which in turn weakly domi-
nates ({a,b},{c,d}), thereby characterizing the cost-minimizing allocation.

When agent ¢ is matched with agent a, agent c requires a lower incentive to exert
effort than agent b would require when matched with agent «. Similarly, agent d re-
quires a lower incentive when matched with agent b than when matched with agent c.
These differences reflect that agents with stronger altruistic preferences internalize their
coworker’s compensation more strongly and therefore need weaker direct incentives.

Moreover, the least altruistic agent a always receives the highest bonus within the
team. Consequently, changing agent a’s coworker primarily affects the coworker’s re-
quired bonus, while agent a’s own bonus responds less strongly, since «,, is the smallest.
Because the coworker also receives a lower bonus than agent «, the induced change in
agent a’s incentive requirement is weaker in magnitude. As a result, the increase in the
bonus required for agent « when he is matched with agent ¢ rather than agent b is weakly
smaller than the corresponding decrease in the bonus required for his coworker. By con-
trast, for agent d, the reduction in the required bonus when he is matched with agent
b instead of agent ¢ outweighs the associated increase in the coworker’s bonus. Taken
together, these effects imply that the team formation ({a,c},{b,d}) weakly dominates
({a, b}, {c,d}) in terms of minimal total incentive costs.'*

l4When oy, = a., these two formations have the same total cost.
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Next, consider the comparison between ({a,c},{b,d}) and ({a,d},{b,c}). When
agent d is matched with agent a, agent d requires a lower incentive than agent ¢ would
require when matched with agent a. Similarly, agent b requires a lower incentive when
paired with agent ¢ than when paired with agent d.

Furthermore, since agent b is weakly more altruistic than agent «a, the reduction in
incentive costs achieved by matching agent b with agent ¢ is weakly larger than the re-
duction achieved by matching agent a with agent c¢. Consequently, allocating agent ¢ to
agent b, rather than to agent a, yields greater overall cost savings. Taken together, these
effects imply that the team formation ({a, d}, {b, c}) weakly dominates ({a,c},{b,d}).

Accordingly, the cost-minimizing team composition is to pair agent a with agent d,
and agent b with agent c. Therefore, the principal’s optimal strategy is to form hetero-
geneous teams by pairing the least altruistic agent with the most altruistic agent in one
team and assigning the remaining two agents to the other team.

The rationale behind this formation is simple. Altruistic individuals derive additional
satisfaction from their teammates’ expected payoffs. By assigning the agent with the
highest bonus requirement to work alongside the most altruistic agent, the principal
can substantially reduce the second agent’s incentive payment without compromising
their motivation. Consequently, the least altruistic coworker’s utility is less affected by
the most altruistic agent’s expected payoff. This benefits the principal because other
agents derive higher utility from each other than from being paired with the most al-
truistic agent. Consequently, this pairing minimizes the total compensation required to
induce agents to work, making it the most efficient team configuration.

This intuition aligns with the insights presented in the analysis section. We summa-
rize in the following proposition.

PROPOSITION 5. The principal’s optimal team formation is anti-assortative among all
team formations that implement (work,work) as the unique equilibrium in each team
under optimal incentive-inducing contracts.

5.5 Optimal team size

This section presents a stylized extension that isolates the incentive channel; results
may differ in the presence of production complementarities that vary with team size.
We examine whether focusing on two-agent teams is overly restrictive. To address this
question, we consider a setting that isolates the effect of agents’ altruism on total wage
expenditure. In this subsection, we impose the following assumptions:

ASSUMPTION 2. Constant marginal contribution across team sizes
P1 —P0o =Po1 — P00 = P11 — P01 = P00l — P00 = --- = P111 — PO11-

ASSUMPTION 3.

1
ui(wg, by, er) :w?L —l—pZLb?L —eik+ aim Z pn(eL)b;LL —&—w?L
JEL\i
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where L € P(A) denotes the team assigned to project n € {1,2,3,4}, and wy,,by, and ey,
denote the vectors of wages, bonuses, and effort levels of agents in team L, respectively.'®

Consider a setting with a principal and four agents, where the principal can imple-
ment two, three, or four projects. A project is implementable if at least one agent works
on that project. Consequently, teams may consist of a single agent or of two, or three
agents. In particular, if one team consists of three agents, the remaining agent works
alone on the second project.

Assumption 2 states that each project’s production function is neither submodu-
lar nor supermodular; thus, teamwork does not affect production. Assumption 3 posits
that agents’ altruistic preferences are adjusted to the size of the team: an agent exhibits
altruistic preferences toward all team members.'®

First, we argue that the case with four projects is suboptimal whenever at least one
altruistic agent is present, since forming a two-agent team allows the principal to pro-
vide weaker incentives to the altruistic agent than when the agent works alone.

Second, consider the case in which one project is staffed by three agents, while the
remaining project is assigned to a single agent. If the agent working alone is selfish, the
principal can reduce incentive costs by pairing the most altruistic agent with this selfish
agent rather than placing the most altruistic agent in the three-person team. In such a
two-agent team, the altruistic agent requires relatively weak incentives, which allows the
principal to weakly lower the bonus paid to the altruistic agent.

By contrast, removing the most altruistic agent from the three-agent team would
weakly decrease the bonuses required for the remaining team members. The reason is
that the most altruistic agent requires the lowest compensation among all agents. When
this agent is present in the team, the remaining agents derive relatively low utility from
that coworker’s compensation, which increases their incentive requirements. Removing
the most altruistic agent eliminates this low-compensation coworker, thereby increas-
ing the utility that the remaining agents derive from their coworkers’ pay and allowing
the principal to reduce the bonuses needed to induce effort. As a result, concentrating
agents into two equal-sized teams allows the principal to exploit altruistic preferences
more efficiently.

Consequently, from the principal’s perspective, it is optimal to form two projects,
each staffed by two agents rather than a three-agent team and a singleton. Analogous
arguments apply when the altruism level of the lone agent is different.

PROPOSITION 6. Under Assumptions 2 and 3, the principal’s optimal strategy is to imple-
ment two projects and form teams in an anti-assortative manner.

This result arises from the principal’s ability to effectively harness agents’ other-
regarding preferences when they are paired. As team size increases, the influence of
these preferences becomes diluted, since agents must now consider the well-being of
multiple teammates rather than focusing on a single partner.

15When |L| = 1 the agent works in isolation and derives no utility from coworkers’ compensation; ac-
cordingly, the agent’s utility equals his net material payoff.

16Note that when the team size equals two, agents’ preferences coincide with those defined in the base-
line setup.
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5.6 Spiteful and altruistic agents

In the literature, analyses of altruistic agents are often complemented by considerations
of spiteful or envious preferences.!” To align our framework with this broader litera-
ture, we extend the analysis to allow agents’ other-regarding preferences to be negative,
thereby capturing the possibility of spiteful behaviour. We define an agent as spiteful
when his utility decreases with the coworker’s monetary payoff.

Formally, we extend the support of the other-regarding preference parameter to

€ (—1,1), thereby permitting both altruistic and spiteful preferences within a unified
framework. The lower bound («; > —1) ensures that agents continue to value increases
in their own compensation more than reductions in their coworkers’ compensation.
This restriction rules out extreme forms of spite that would induce agents to sacrifice
their own payoffs solely to reduce others’ earnings, thereby preserving well-behaved in-
centive responses and ensuring the tractability of the optimal contracting problem.

This extension has direct implications for incentive provision. Ceteris paribus, an
altruistic agent derives greater utility when the coworker’s bonus is higher, which re-
duces the external incentives needed to induce effort. In contrast, a spiteful agent’s util-
ity decreases when the coworker’s bonus increases. Hence, raising the coworker’s bonus
erodes the spiteful agent’s incentives, and the principal must provide stronger incentives
to ensure effort.

These opposing incentive effects generate complementarities in team composition.
When altruistic and spiteful agents are paired, both agents can be motivated at lower
cost: altruistic agents’ incentives are eased by higher coworker compensation, while
spiteful agents require weaker incentives when coworkers receive lower pay. As a result,
heterogeneous teams composed of agents with opposing other-regarding preferences
minimize total incentive costs.

This intuition leads directly to the following result.

PROPOSITION 7. In scenarios involving any type of four agents, the principal’s best strat-
egy is to pair the most altruistic (least spiteful) agent with the most spiteful (least altruis-
tic) agent. The remaining two agents form the second team.

Appendix A provides a unified proof for Propositions 1 and 7.
Proposition 7 is a natural extension of Proposition 1 to a broader support of agents’
other-regarding preference parameters. Consequently, Proposition 3 continues to hold.

5.7 Fairness

Fairness is an essential aspect of organizations, especially when it comes to decisions
involving compensation and team formation. From comparative statics in Section 4.2,
we observe that agents with stronger other-regarding preferences receive lower bonus
offers compared to agents with weaker such preferences. This outcome implies that the
principal designs contracts that differentiate among agents based on their social pref-
erences. As a result, even though the agents possess identical production capabilities,

17See Levine (1998), Sobel (2005).
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they receive different bonuses if the projects are successful. This aligns with the type of
discrimination highlighted in Winter (2004). Unlike in Winter (2004), in the baseline, we
do not require uniqueness. However, Section 5.4 shows that the main assignment result
is robust when the principal enforces uniqueness.

At the same time, as shown in the first subsection of this section, the principal’s con-
tract design ensures that agents’ expected payoffs remain equal, regardless of their own
or their teammates’ other-regarding preferences. Therefore, despite differences in bonus
levels, all agents receive the same expected payoff in equilibrium.

In summary, while all agents have identical technological skills and receive the
same expected payoffs—suggesting fairness from an ex-ante perspective—the princi-
pal’s strategy leads to lower bonus offers for agents with stronger other-regarding pref-
erences. This creates a trade-off between fairness in expected outcomes and apparent
inequity in realized bonus payments.

5.8 Extensions

A natural extension of the current analysis is to examine environments in which
projects are heterogeneous. In particular, it would be relevant to identify the condi-
tions under which the optimal team formation result in Proposition 1 continues to hold
when project characteristics differ, for example, when production functions vary across
projects.

Another potential direction for extension is to analyze cases where agents differ not
only in their other-regarding preferences but also in their productivity levels, particu-
larly in settings where project technologies exhibit supermodularity. While our analysis
shows that anti-assortative matching (pairing agents with opposing social preferences)
is optimal when agents have identical productivity levels, prior research suggests that
in standard models with heterogeneous productivity, the principal typically favors as-
sortative matching.!® Therefore, it would be interesting to explore the trade-off between
assortative and anti-assortative matching when both productivity differences and so-
cial preferences are present, and to characterize the conditions under which each type
of matching is optimal.

6. CONCLUSION

Our model generates predictions about the influence of other-regarding preferences on
team composition. It suggests that an agent’s altruistic tendencies can significantly af-
fect the optimal formation of teams within an organization. Specifically, the model pre-
dicts how different combinations of agents, based on their other-regarding preferences,
can minimize incentive costs while maintaining or enhancing productivity.
Furthermore, we treat « as exogenous. If firms can influence « through culture,
training, or selection, our model suggests that shaping and exploiting heterogeneity
in other-regarding preferences can lower the incentive costs of implementing effort by
guiding team assignment. For example, companies could promote altruism among their

18See Becker (1991).
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employees by organizing team-building activities or cultivating a corporate culture that
prioritizes collective success. This approach aligns with the findings of Hattori and Ya-
mada (2025), who demonstrate that social interaction among team members signifi-
cantly improves team performance. By shaping other-regarding preferences, firms can
foster more cooperative team dynamics, reduce wage demands, and ultimately enhance
organizational efficiency.

In conclusion, organizations can design more effective human resource strategies
by understanding the role of other-regarding preferences in team formation and per-
formance. This involves selecting appropriate combinations of employees for different
projects and actively shaping the social dynamics of the workforce to align with orga-
nizational goals. Through these strategic interventions, firms can leverage the insights
provided by our model to enhance both employee and organizational performance.
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APPENDIX A: MAIN RESULTS

Roadmap. We first characterize the cost-minimizing incentive contract for an arbitrary
pair under limited liability and moral hazard (Lemma 1). We then use the resulting
bonus expressions to compare total expected compensation across feasible partitions
and establish the optimal two-team assignment (Propositions 1, 2 and 7). Finally, we ex-
tend the assignment argument to 2N agents and N identical projects via an exchange
argument, showing that iteratively pairing the least and most altruistic agents is (weakly)
optimal, with non-uniqueness only under ties (Proposition 3).

Proof of Lemma 1: The derived optimal bonus b is positive. Since there is always a
positive probability that the project fails, the limited liability constraint is equivalent to

wi; >0,i€ A,ne{l,2}, (LLC)

To satisfy the limited liability constraint, it is therefore optimal to set w";; = 0.

We show that whenever a contract satisfies the incentive compatibility and limited
liability constraints, it also satisfies the participation constraint. Specifically, we derive
the minimal bonus that satisfies the participation constraint and show that it is smaller
than the optimal bonus implied by the incentive compatibility constraint.
ui(w%,w?i,b%b?i, 1,1)= w?j —I—p?lb?j —k+ ai(p?lb?i + w}l@) >0,i€e A,ne{l,2}, (PQC)
Rearranging the terms and inserting the optimal bonus, we obtain:

n k n
bij > — — b (A1)

7

1) —
P11

Let us note that, as for the incentive constraint, the participation constraint is identical
for agent j; only subscripts are swapped

k
b1

Considering binding (PC), we identify a minimal bonus that satisfies it; thus, we have
the following
k(1 — o)
bt = o (A.3)
Y pi (1 - aiay)
Comparing the bonus satisfying (IC) derived in (6) and satisfying (PC) in (A.3)
k‘(l—ai) > k‘(l —Ozi)
(pT1 — o) (1 — ) — pTi(1 — azoy)

Since p7;, — pg; < pfy, the inequality is satisfied; therefore, (PC) holds whenever (IC)
and (LLC) hold.
O

First, let us make two simple mathematical observations that will be used in our
proof of Propositions 1 and 7.
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OBSERVATION 1. Forallz € (—1,1) the following is true: (2 — z) < 1.
OBSERVATION 2. Forallz € (—1,1) the following is true: x + x> — 23 < 1.

Here, we provide the general structure of the proof of Proposition 7, which also en-
compasses the proof of Proposition 1.

Note: This proof is written for «; € (—1,1) and therefore implies Proposition 1 as a
special case when «; € [0,1).

Proof of Propositions 1 and 7: In the proof, we use the following steps:
1. Derive optimal wage contract for any team composition (derived in (6)).

2. Given the optimal wage contract, select the team formation from the set T' of all
possible team formations that has minimal total cost.

Giventhat -1 <oy <ap <a.<ag<1.
Step one: for any team containing agents ¢ and j we derived in (6) optimal contracts

nk o opn nx o pn *x n¥ _ . mk __ .
(wy™,b75") and (w?,",b7,"), where w]’" = wi,* = 0 and:
1—o 1—ay
b = by ———— and bl};" = by ————
— Qi 1—0@0@’

When two teams are formed with agents {ij} and {gh}, the total cost is:

1-— i 1— : m 1— 1—
TC({i,j}{g,hD:b’&( g - >+bo( %04 a") (A.4)

-y 1—-o404 l-agap 1—-ag4a

The first set of parentheses represents the sum of the team’s bonuses {ij} working on
project n, while the second set represents the sum of the team’s bonuses {gh} working
on project m. Therefore

2—ai—a;) a(2-0g—a
TC((i,j}{g,h}) = b0 <]> + by <H> (A.5)

1— a0 1—agap

In the scenario where two projects are identical, meaning that p}ziej equals pgiej.
Therefore, we can conclude that the values of b and bg* are equal, and for simplicity,
set by = by = bo.

Step two: The principal must choose one optimal team formation out of three pos-
sible cases!”

min{TC(ap}{c.d})» TC{a,ct{v,a1) TC({a,d} {b,ch) }
whereby (A.5)

2—aqg—ap 2—ac—aq 2—ag—a, 2—ap—ay
({a,b}{e.d}) =00 ( T g ) 1O {a,c}{b,d}) = b0 ( TP p—

19When the probability functions of the projects are identical, the total cost TC\4,51{g,n}) is €quivalent
t0 T'C4.n1{i,5}), Which is why we have three possible cases instead of six.
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2—aqq—aqg 2—ap—ac
1—aqay 1—apae

TC({a,d}{b,cy) = bo (

Let us simplify the total cost in general terms.

2—q;—a; 2—aq—ap
TC (i} {g.n)) =b0< R ) =

1— a0 1—agap

B (2—a; —aj)(1 —agap) + (2 —ag —ap)(1 — ;)
_b0< (1 = @ja;)(1 = agan) >

b (4 — o — 0 — g — o+ aogag, + ajagay + ajogag + oo — 2(ogag + agah)>
1+ aa5090p — ooy — agay,
Letusdenote A :=4 — a; — aj — ag — ap + qjagap, + ajagay + ozajog + ogajop and
B =1+ ajajagay. Hence,

A—Z(aiaj +agah)> (A.6)

B — ajaj — agay,

TC({i,j}{g,h}) = bo (

Now, we show that T'C , 4}{s,c}) is minimum. First, we compare the total costs of
the two following team formations, TC({a,d}{b,a}) and TC({a,c}{b,d})

TCWa,ayb,c}) < TC({a,c}{b,d}) < bo <

A —2(agaq + apae) A —2(agae + apag)
<bo &
B— Aqgg — QpQe B-— QagQe — Qplg

< (A =2(agaq + apae)) (B — agae — apag) < (A= 2(agae + apag)) (B — agag — apae) <
< AB — Alagae + apayg) — 2B(agag + apac) + 2(aqgag + apae) (agae + apag) <
< AB — A(agag + apac) — 2B(aqace + apayg) + 2(agqac + apag)(aqoag + apae) <
< (A —=2B)(agaq + apae) < (A —2B)(agoc + apag) &
< (A-2B)(agaq + apae — agae — apag) <0<
< (A-2B)(aglag —ap) — aclag —ap) <0&

& (A=2B)((ag — ae) (g — ) < 020 (A.7)

Let us show that the second factor is nonpositive (ag — a¢)(ag — ap) < 0. It is given
that a. < g4, therefore, the first term (ag — «.) is either positive or zero. Also, we know
that o, < ay, thus the second factor (o, — o) is either negative or zero. Hence, the mul-
tiplication is zero or negative.

201n the case analysis where o = a, = 0 and o = g = a, the difference in total costs between the two
cases is zero, indicating that the formations ({a, c}{b,d}) and ({a, d}{b, c}) have the same total cost.
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Next, we do similar operations and compare 7'C((4 ¢} {5,a}) a0d T'C ({4 p}{c,d})-

A= 2(aqac + apag) A= 2(agap + acay)
<by &
B — agae — apay B — agap — acay

TCHa,cy{b,dy) < TC({a,b}{e,d}) < bo <

< (A —=2(agae + apag)) (B — agap — acayg) < (A —2(agap + acag)) (B — agae — apay) <
& AB — A(aqgop + acag) — 2B(agac + apag) + 2(agoe + apag) (aqop + acag) <
< AB — A(agac + apag) — 2B(aqap + acag) + 2(aqap + acag)(aqoe + apag) <
< (A-2B)(aqac + apag) < (A —2B)(aqap + acayg) <
< (A =2B)(agac + apag — agap — acay) <0&
< (A—-2B)(ag(ac—ap) — aglac —ap) <0<

< (A-2B)((ae — ap)(aqg —ag)) <0 (A.8)

The second factor (a. — ap)(aq — ag) is nonpositive as in the previous comparison. In-
deed, the first term is positive or zero because «; < «.; the second term (o, — ay) is
either zero or negative since a, < ay.

Thus, if A — 2B > 0, then

TCHa,apiveh) = TCHachpvap) =TCWa b} e, (A4.9)
and therefore T'C((4 4y {s,c}) attains the minimum among the three team formations. 21

A—2B=4—a,—ap—ac—ag+aqocag+ apacag + aqapag + agapoe — 2(1+ agapacay)
(A.10)
In general, we know that —1 < a, < ap < a. < ag < 1. To prove the proposition, we
must demonstrate that A — 2B > 0, for given constraints.
First, let us consider the case «, = 0; therefore, oy, a., ag € [0,1). Thus, we have

A—2B=4—qap— a, — ag+ apacag — 2 (A.11)

Here we use mathematical manipulation; we add a nonpositive term: (o — ap)acag —
(e — ap) = —(ae — ap)(1 — acag) <0to A — 2B. The term is nonpositive because both
expressions within the parentheses are nonnegative. The first expression is nonnegative
due to the condition a. > a3, and the expression in the second parenthesis is positive.
Thus:

A—2B=2—ap—ac—agt+apacag > 2—ap—ac—ag+apacag+ ((ae—ap)acag— (e —ap)) =
=220 —ag+alag=2(1-a.) —ag(l—a?)=(1—-a)2—ag(1+a.))>0 (A.12)

211f the minimum is not singleton, then TC{, a} {»,}) belongs to this set.
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The first term is positive since «. < 1, and the second term is positive because 1 + «..
is less than 2 and « is less than one.

Therefore, for any ay, ac, ag € [0, 1), the expression (A.12) is positive.

Let us consider a scenario when «, < 0:

A—2B=4—0g—ap—ac—ag+agacag+apaeag+ agapag +agapae —2(1+ agapacag) =

=4-2(14+agapacag)+oag(acag—1)+ap(acag—1)+ac(agap—1)+ag(agap—1) (A.13)

Let us prove case by case. First consider when a4 < 0, therefore, all alphas are neg-
ative. The sum of the first two elements is positive because aq,apacaq < 1, all other el-
ements of the sum are also positive because the term inside the parentheses is always
negative, and the coefficient is nonpositive. Therefore, in the case where oy < 0 expres-
sion A.10 is nonnegative.

In the second case, consider when o, . <0and 0 < ay

A—2B =2-2(14agqapacoq)+ag(acag—1)+ap(acag—1)+ac(aqgap—1)+ag(agap—1)+2

Again, the sum of the first two elements is positive because aqapacaq < 0. The next
three elements are also nonnegative because each coefficient of each parentheses is
nonpositive, and the terms in the parentheses are negative. Finally, the sum of the last
two terms is positive because 2 > ag4(agap — 1). Thus, in the case where 0 < a4 but
ayp, o < 0 the expression (A.10) is nonnegative.

Next, consider the case where o, < 0and 0 < «, 4. First, let us show that the deriva-
tives of A — 2B with respect to a4 and «. are negative.

0(A—2B
g = —20q0p0c + Qg + apae + (aqgap — 1) (A.14)
30zd
0(A—-2B
% = —2aq0p0q + agag + apag + (aqgop — 1) (A.15)
C

All elements in both expressions are nonpositive. Let us demonstrate one of them.
—2aq0p0, is nonpositive because the two terms are nonpositive, hence the negative co-
efficient holds the sign. o a. and «aa. are clearly nonpositive. (agap — 1) is negative.
Therefore, A — 2B decreases (does not increase) in «,. and ag4. To minimize the expres-
sion, set o, = g = 1. If the expression is still a nonnegative, then it will be positive for
any positive values of a. and ay.

A—2B =2 2(1+ aqap) + 2(agap — 1) +2=0 (A.16)

ac=aq=1

Therefore, when o, < 0 and 0 < ., ay the expression A.10 is nonnegative.
Finally, the scenario in which a, < 0 concludes with the case in which 0 < «,, o, ag.

A-2B=4—aq—ap—Qc— Qg+ Qqactg+ apoeag + qopag + Qqopae — 2 — 20 apetng =
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=2—qap— e —ag + apacag — ag(l — apae — apag — acag + 20p0004) =

=2—qp— ac— ag+ apacag — aq(l — acag(l —ap) — apac(l —ag) — apag)  (A17)

As demonstrated in equation (A.12), when «, = 0, the sum of the first five elements
is positive. Based on this result, if we can show that the entire expression decreases in a,,
we can infer that the expression is lower for o, = 0 compared to «, < 0. This deduction
will suffice to prove that A — 2B > 0 when «a, < 0. Therefore, we need to examine the

derivative of A — 2B with respect to a,, and demonstrate that this derivative is negative??.

0(A—2B)

5 =—(1 = acag(l —ap) — apac(l —ag) — apag) <0
Qg

< acag(l — ap) + apac(l —ag) + apag < 1

S aglac(l —ap) +ap) +apac(l —ag) <1 (A.18)

Let us note that the second term of the first multiplication a.(1 — ap) + ap = ac +
ap(1 — a) is increasing in o, because a. < 1. Therefore, if we assume that o}, = . we
only increase the coefficient; hence

acfag+a0:ac(27ac)<1 (A.19)

The last inequality is correct by Observation 1, as the maximum of the expression is
one and attained when a. = 1. Thus, we can write the following:

aglac(l —ap) + ap) + apac(l — ag) < ag + apac(l —ag) <ag+ a?l(l —ag)<1 (A.20)

The second inequality is true because a.q;, < o2. The last inequality is correct by Ob-
servation 2, as the expression on the left-hand side has local maxima when a4y =1 and
the maxima equals 1. Thus, it is strictly less than one when a4 € (0, 1). We know that the
A — 2B is positive when «,, equals zero and we have just shown that it decreases in «,.
Therefore, we can conclude that A — 2B is positive when «, < 0.

We proved the proposition when o, <0.

To complete the proof of the proposition, it is necessary to consider the scenario
when o, >0

A-2B=4—qg—ap—Qc— Qg+ Qqacq+ apaetg+ qopag + qopte — 2 — 20 ap e tig =

=2—aq—ap— e — ag+ agaeag + apacag + agapag + aqapae — 2aq0p0c0q  (A21)

To prove that the expression is positive, we do the following steps: 1) we look at the
partial derivatives of A — 2B with respect to a3 and «.; if the derivative is positive, this
implies that A — 2B increases in «;, then to minimize the expression, we will take the
minimal possible value for «;; otherwise, if the derivative is negative, we will take max-
imal possible value for «;. 2) Using step (1), we chose «,, oy, o such that A — 2B is as

22We can express A — 2B as a function of o, ap, ac and ag.

31



small as possible to contradict the inequality; if the inequality still holds, then Proposi-
tion 1 is validated.

d(A - 2B)

5a = —l4acagt+agag+agae—2aq0c000 = acog(l—ag)+agac(l—ag)+agag—1
b

(A.22)
Let us demonstrate that the expression is nonpositive. Rearranging yields:

acog(l—ag) +agac(l—ag)+agag—1 <0 acag(l—ag) +agac(l —ag) +agag <1<

S aglac(l —aq) +aq) +agac(l —ag) <1 aglae+ aq(l —ae)) +agae(l —ag) <1
(A.23)
To contradict the hypothesis, let us maximize the left-hand side of the last inequal-
ity as much as possible. First, let us focus on the coefficient of ay in the first term is
increasing in a, as 1 — a. is positive, thus

actag(l—ae)<actac(l—ae)=a(2—a;) <1 (A.24)

The last inequality is correct because the expression’s a.(2 — «.) maximum is one and
attains it when o = 1. Thus, we have

aglac+ ag(l—ae)) + agac(l — ag) < ag + agoe(l — ag) (A.25)

Let us show that the right-hand side is less than one. The expression is increasing in «,
and «.., therefore

g+ agae(l —ag) <ag+a3(l—ag) <1 (A.26)

The last inequality is correct by Observation 2. Therefore, the total expression is decreas-
ing in ay.
Let us look at the derivative of A — 2B with respect to «. and check the same steps.

d(A—2B)

5o = —1l4+agag+apag+agap —20q0paq = agog(l—ap)+agap(l—ag) +apag—1
(&

(A.27)
Let us demonstrate that the expression is nonpositive. Thus, let us rearrange the terms:

agog(l—ap) +agap(l—ag)+apag—1<0 & agag(l—ap)+agap(l—ag)+apag <1
< aglag(l —ap) +ap) + agap(l —ag) <1 (A.28)

The coefficient of o4 in the first term is increasing in a,, and a (1 — o) + o, < 1. Hence:
aglaa(l —ap) + ap) + agap(l — ag) < ag+ agap(l —ag) <ag+ai(l—ag) <1 (A.29)

The second inequality is correct because the expression is increasing in «, and «;, and
the last inequality is correct because of (A.20).
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Therefore, we have shown that the entire expression decreases in «,, ap, and a.. To
contradict our prediction, to make A — 2B as small as possible, let us take the maximum
possible values of o, ap, and «.. Thus, a, = a = a. = 4. Therefore,

A—2B=4—4dag+4a3 -2 204 =2—4ay+4a3-205>0 <

S (1—ag) —ag+ad+ad(l—ag)=(1-ag) —ag(l —ag)(l+aq)+ad(l—ag) >0

& (1-ag)(l—ag(l+ag)+ad)>0 (A.30)

The first term in the multiplication is positive as gy < 1. We show that the second term
is nonnegative.

Oglfadfa?iJrag@adJrai(lfad)§1 (A.31)

By Observation 2, the inequality is correct. Therefore, this completes the proof of
Proposition 7.
O

Proof of Proposition 2. We consider three feasible team formations: ({ab}, {cd}), ({ac}, {bd}),
and ({ad}, {bc}). Each induces a corresponding value of y, the absolute difference be-
tween the two teams’ average altruism levels. By Proposition 1, the associated total costs
satisfy

TCaay tbey) < TC({acy(va}) < TC({ab} fed})- (A.32)

Therefore, it suffices to show that ji((4 4} {s,c}) is weakly minimal. We begin by compar-
ing it to the team formation ({a, b}{c, d}), whose absolute difference in average altruism
levels is:

Qe +0g Qg+ Oy g +0g  op+ Q¢
Paci{bay) = =5 — =5 | 25— = =5 = Hi({ad}.{be}) (A.33)

Rearranging terms yields 2a. > 2a,, which is valid since a. > a,. Next, we compare the
absolute difference between the two teams’ average altruism levels of ({a,c}{b,d}) and
({a,b}{c,d}), and show that yi(¢, c}(s,q}) is weakly smaller:

Qg +0op Qe+ 0y Qg + e Op+ g

Rearranging terms yields 2« > 24, which is valid since a;, > «,. Therefore, we show

that p(ady (e} = H{a,cHpap) < H{ab}{e.a}) NENCE Li({ad}{bey) 18 Weakly minimal,
O

Proof of Proposition 3: Without loss of generality, assume that agents are ordered re-
garding their other-regarding preferences such that 0 < a1 < as < ... <asny_1 < agy <
1. Following the structure of the steps of the proposition, each project is assigned agents
(1,2N — [ +1).
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Suppose, for contradiction, that this construction is not optimal. Thus, a different
pairing strategy exists, which is optimal.

The procedure is as follows: Step 1: Starting from agent 1, check if his pair is 2N; if
yes, check the next agent and his pair and follow the process until we find different pairs
from {/,2N — [ + 1}. Step 2: If for some agent j the pair is (j,7) where j <i < 2N —j + 1,
first check whether a; = aan_ 41, if the equality is correct, continue from Step one and
look at the next agent j + 1.

If there are no different pairs from {/,2N — [ + 1}, the pairing strategy is identical to
the constructed strategy in the proposition.

If a; # aan—j4+1 then choose the pair (j,4), and the pair of agent 2NV — j + 1 call it i,
thus the pair {h,2N — j+1}. Due to our process j < i,h <2N —j+1;hence o; < o, o, <
asn_j+1. By Proposition 1 we know that TC({j,ZN—j—i—l}{i,h}) < TC({j,i}{h,2N—j+1})-
Therefore, transforming the pairs ({j,i}{h,2N — j + 1}) into ({j,2N — j + 1}{i,h}) is
(weakly) beneficial to the principal, and therefore the strategy is not optimal. O

APPENDIX B: DISCUSSION

We first derive the minimal compensation required to satisfy participation for a given
outside option and relate it to the incentive-compatible contract (Lemma 3 and Propo-
sition 4). Next, we provide the formal proofs used in the uniqueness discussion by estab-
lishing the relevant within-team bonus ranking and comparing total payments across
candidate partitions under the maintained supermodularity restriction (Lemma 4 and
Proposition 5). Finally, we report the algebra supporting the team-size comparison used
in the discussion (Proposition 6).

Proof of Lemma 3: In this proof, we derive a minimal bonus that satisfies the partici-
pation constraint for a given outside option U, and compare it to a bonus satisfying the
incentive compatibility constraint derived in (6).

ui (wis, wis, b, b5, 1, 1) = wil + pi by — k + aq(piy b7 +wiy) > U, i€ A,n e {1,2}, (PC)

Following the steps in the proof of Lemma 1, we obtain:

(U+k)(1—a;)

pnt —
p11(1 — i)

)

Let us compare the optimal bonuses satisfying (IC) and (PC) we have:

k(1 — ay) L (U+k)(1 =)
(P11 —po1) (1 — i) = p1(1 — as0)
& pouk>U(ph —por) (B.1)
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Team Formation with Altruism

Proof of Proposition 4: The proof follows directly from the analysis provided in the text
and the proof of Proposition 1. The only difference relative to Proposition 1 lies in the
agents’ expected utilities through w’ and by, which are constants and therefore unaf-
fected by agents’ other-regarding preferences. O

Consider two identical projects and suppose that the production function is super-
modular: p11 —po1 > po1 — poo- The objective of this study is to derive a contract and team
formation that achieves a unique equilibrium. In order to establish a unique equilib-
rium, the principal must ensure that one agent adopts a dominant strategy. This means
that the agent will work regardless of the actions of their coworker. The other agent’s best
response is to work whenever the first agent works.

2
min n bn—l—b +w +w
((i5),(gh)) €T > Pl i) + Wi
wm:w;waj,b"

s.tug (wys, wis, by, 0%, 1,0) > wi(wiy, wiy, b, 07;,0,0),4 # j,n € {1,2}, (IC);

g Yigr Vg o 170 Y310 Y0 Yy

ug (Wi, wig, 035, b5, 1, 1) > uj(wiy, wis, b3, 0%, 1,0), j #4,n € {1,2}, (IC);

[ )
ui(wi, wis, b, 07%;,1,1) > 0,Vi € A,n € {1,2}, (PC);

ug (Wi, wiz, 035, b5,1,1) > 0,Vj € A,n € {1,2}, (PC);

w +b”>0w >OV2€An€{1 2}, (LLC)

The incentive constraint for agent i says that he prefers to exert effort rather than
shirk given that his coworker shirks. The incentive constraint for agent j states that agent
j prefers to exert effort rather than shirk given his coworker works. From (IC)s, we obtain

k P11 — POL
. Cw (B.2)
U7 (1= i) (P11 — PE1) “Po1 — PG 0

b > k P01 — Pho

~ (1= sa) (P61 — poo) P11 — Po1

To solve the linear program, we drop the (PC)s and derive the optimal bonus pay-
ments from the (IC)s and (LLC)s. The incentive constraints for agents ; and j are binding.
Thus, 85" = e (=) <§;i =i — as) and " = (s (PR — ),
To satisfy (LLC)s and minimize the principal’s total expenditure, the fixed wage for
both agents’ contracts is set to zero. Let us demonstrate that the derived contracts

(wj;,b7;), (w};, b3;) satisfy the participation constraint. Indeed, for agent j

— ;) (B.3)

wi; +pi1bj; — k + aj(wy; + pihbi;) = pi1bj; + ajpiibi; —k >0

Tk o1k
ST = PUE > (B.4)
P11 — Po1 P11 — Po1
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Since agent i receives a higher bonus than agent j, the participation constraint for
agent ¢ is also satisfied.

Proof of Lemma 4: We compare the principal’s total expected costs across two scenar-
ios. In the first scenario, agent i receives a higher bonus, whereas in the second scenario,
agent i receives a lower bonus. We assume 0 < o; < ; < 1. For each team formation, we
compute the principal’s total expected cost. The subscript “4” denotes the case in which
the agent receives the higher bonus.

k 1 o 1 o
T S S B
— Q0 "p11 —Po1  Pol —Poo  Pol —Poo P11 — Poi

k 1 (2] n 1 (673
1 —az05 “p11 —po1  por —Poo  Po1 —Poo P11 — Pol

bfjh +bj; = ) (B.6)

We show that the first expression, corresponding to the case in which agent j receives
the higher bonus, is lower than the second. To see this, observe that

bi " 4+ bk < b3 4 b

o 1 (67 1 (2] < 1 a4 1 (67

_ + _ < — + —
P11 —Po1 P01 —Po0 POl — P00 P11 — Po1 P11 —Po1 Po1— P00 P01 — P00 P11 — Po1

1 1 1
_ < ai( _
bo1 — Poo P11 —Ppo1 bo1 — Poo P11 —Ppo1

<:>Ozj(

< oy < o (B.7)

The last equivalence comes from the supermodularity of the production function.
O

Proof of Proposition 5: The proof proceeds as follows. For each candidate team forma-
tion, we first determine the bonus assigned to each agent. We then compare two team
formations, say 7' and 7’, by computing, agent by agent, the change in bonuses when
moving from 7’ to T. We separate these changes into positive and negative components.
If the total increase in bonuses under T (relative to 7"’) exceeds the total decrease, then
the principal’s objective is higher under 7' than under 7”. In that case, we conclude that
team formation 7 is superior for the principal.

By Lemma 4, agent a, whose altruism parameter «, is minimal, receives a higher
bonus under any team formation, whereas agent d, whose altruism parameter oy
is maximal, receives a lower bonus. Thus, there are three possible team formations:
Ta.y vy THase) v,y A0 Tgapy{e.ap)-

First, we show that T, cy(v,4}) < T({a,b}{c,a})- We then complete the proof by show-

ingthat 744 ay(v,c}) < T({a,c} {b,d})-

Taerivd)) < Tgapi{e, ) <=  bac+bca+bba+bay <bab+ bpa + beq + bep. (B.8)
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Above in (B.2) and (B.3), we have derived bonuses for any possible team formation. In
particular, bonuses under T\, cy(p,4}) and T {4 b} {c,d}) aT€:

1 1 g 1 1
bac - - ) bca =
1—aqac \po1 —poo P11 — po1 1—aqac \ p11 —po1 01 — P00

p
1 1
bpq = bap =
1—apag \po1 —poo P11 — Po1 1—apag \pi1 —po1  Po1 — Poo
1 1
bab = bba
1—agap \po1 —Poo P11 — Pol 1 —agap \p11 —Po1 P01 — Poo
1 1
beq = bae =
1— aeag \po1 —Poo P11 — Pot 1—aeag \p11 —po1 P01 — Poo
Inequality (B.8) can be restated as:
(bba = bea) = (bac = bab) > (bbd — bea) — (bae — bap) (B.9)

(2) (i) (#i7) (iv)

) 1 1 ap 1 1 Qe
(Z) : bba —bea = - - -
1 —agap \p11 —po1 Pbo1 — Poo 1—agqac \ p11 — po1 Po1 — Poo

_ (e — ayp) ( 1 g )
(1 —aqap)(1 —aqac) \por —poo P11 —po1/)’

.. 1 1 Qg 1 1 Qg
(i) : bge —bap = - - -
1—aqac \po1 —poo P11 — Po1 1 —aqap \po1 —poo P11 —Po1

_ aa(ac ab) ( 1 . Qg )
(1—aqap)(l —agac) \po1 —poo  pi1—po1/)’

1 1 Qayp 1 1 Qe
(iii) :  bpg — bea = — — _
1—apaq \po1 —poo P11 —Po1 1—acag \po1 —poo P11 —Ppo1

_ (e — ayp) < 1 oy )
(1= aqaq)(l —acag) \p11 —po1  Po1 — P00

. 1 1 (e %) 1 1 Qg
(ZU) © bae —bap = - — _
1 —acag \p11 —po1 Po1 — Poo I —apag \ P11 —po1 Po1 — Poo

ag(ae — ap) < L o > '

(1= apag)(l — acag) \p11—po1  Po1 — Poo

First, let us take pairwise differences (i) — (i) and (iii) — (iv), and next compare these
two differences.

(i) — (1) = (e —ap) (1 —aq) (pmipoo_ a )’

(1 —aqop)(1 —agae) P11 — Po1

(ae — o) (1 — ) < 1 g )

(1 — apag)(1 — acag) \p11 —po1  Po1 — Poo

(iii) — (i) =
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Next we demonstrate that (i) — (i7) > (ii4) — (iv), indeed:

(e = ap)(1 — aa) (pml __ a )> (ae = ap)(1 = aq) ( 1 o >@

(1 —agap)(l — agae) —poo P11 —po1/) (1 —apaq)(l—acag) \ P11 —Po1  Po1 — Poo

1
@(1—%)(1—%%)(1—%%)( ~ Qa )>
Pbo1 — Poo P11 — po1

1 «
> (1ad)(1aaab)(1aaa0)( - d ) (B.10)
P11 —Ppo1 Po1 — Poo

Rearranging terms:
(1= aa)(1 — apaa)(1 = aca) + @a1 = aaar)(1 - aeac)) (pr1 = pon) =
> (aa(l —apag)(l — acag) + (1 —agop)(1 — agae)(1 — ad)) (po1 —poo). (B.11)
Left polynomial (the part multiplying p11 — po1)
(1 —aq)(l — apag)(l — acaq) + ad(l — agap)(l — aqoe) =
=1+ (g — ) (1 — caopacag) — (apog + acag) (1 — aqog) + apacai(l—a?). (B.12)
Right polynomial (the part multiplying po1 — poo)

g (1 —apag)(l —acag) + (1 —agap) (1 — agac) (1 —ag) =

=1—(ag— aa)(l — aaabacad) — (agap + agae) (1 — aaad) + agabac(l — ai). (B.13)

By supermodularity, p11 — po1 > po1 — poo, it suffices to show that the difference between
the left-hand polynomial and the right-hand polynomial is positive.

2(ag — aa)(l - aaabacad) + abaca?l(l — ag)—

—a2apac(l —a3) — (apag + acag — agap — agae) (1 — agag) =

=2(ag — aq) (1 — cgopacag) + apae(al —a2) - (1 — aqaq)(ag — aq)(ap +oc) =

= (ag —ag)(2— (1 — agag)(ap + ac) + agapac(l — ag) + apacag(l —ag)) >0
(B.14)

The first part is nonnegative, in the second part last two terms are positive, and the
difference between 2 — (1 — a,aq)(ap + ac) is also positive since 0 < ag, ap, ae, ag < 1.

Therefore, T({a,c}{b,d}) < T({a,b}{c,d}) .
Next, let us compare the following

T({a,d}{b,c}) < T({a,c}{b,d}) < bad+bda + b +beb < bac + bea + bpg + bap.  (B.15)
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Bonuses under team formations 7{ 1 ¢} {5,4}) and T{{q,d}{b,c}) are:

1 1 Qg 1 1
bac - - ) bca = -
1—aqac \po1 —poo P11 — Ppo1 1—aqac \p11 —po1  Po1 — Poo

bda 1 < )
— Qqg \ P11 — P01 pOl Dboo

bap =

1 1
bad = 1
— Qag \Po1 —Poo P11 — Po1
1 1
bbc = < ) bc (
1—apae \Po1 —poo P11 — Po1 1—apae \ P11 — P01 Po1 — Poo

1 1
1—apag \po1 —poo P11 — po1 1—apag \p11 —po1  Po1 —Poo

Equivalently to (B.15) we compare:

(bab — baa) + (bba — bve) > (bep — bea) + (bad — bac) - (B.16)
(i) (ii') (i) (iv))

A - 1 1 aq 1 1 aq
(4'): bap —bgq = - - -
1—apaq \p11 —pPo1  Po1 — P00 1—aqaq \p11 —Po1 P01 — P00

_ ad(ap — ) ( I o >’

(1 —agaq)(l —apag) \p11—po1  Po1 — Poo

(4') 1 bpqg — bpe = - _ _
1 —apag \Po1 —Poo P11 — Po1 1 —apae \po1 —pPoo P11 — Pol

__ o(ag—ac) < I )
(1 —apag)(l —apae) \po1 —poo P11 —po1/)’

ot 1 1 Q¢ 1 1 Qe
1) —beqg = — — _
( ) bcb b
1- apQc \ P11 — Po1 Po1 — Poo 1- Qglc \ P11 — P01 Po1 — Poo

_ ac(op ) < 1 . Qe >
(1—aqae)(1 —apae) \p11 —po1  po1 —poo/’

, 1 1 o 1 1 Qa
(“} ) i bagd —bae = — — _
1—aqaq \po1 —poo P11 — Ppo1 1—aqae \po1 —poo P11 —Ppo1

— aa(ad ) ( 1 o Qg >
(1 —agagq)(l —agae) \po1 —poo P11 — Po1

First, let us take pairwise differences (') — (i7s') and (i) — (iv"), and next look at total
sum of these two differences.

(ap — ag)(ag — ac) <1 — Qapacyg g+ ae — acag(ap + aa))
(1= aqac)(l — apac)(l — aaag)(1 —apag) \ p11—po1 po1 — Poo ’

(i) — (i) =
39



_ (g — ac)(ap — ag) (1 — QgpQey g +ap — agap(ag + ac))
(1 —agae)(1 = apac)(l — agag)(l — apag) P01 — Poo P11 — po1 7

Denote:
r=(1—agae)(l —apae)(l —agag)(l — apag) >0

Therefore, taking the sum of the two differences identified above, should be nonnega-
tive, thus (i') + (ii’) — (i7") — (iv") > 0 if the following is nonnegative

(ap —ag)(ag —ae) | 1 —ag — ap + agap(ae + ag) — agapacay
T P11 — Po1

+

N 1 —ag — ac+ acag(aa + ap) — gapacaq . (B.17)
Po1 — Poo

The first term is nonnegative because o, < ap < a. < ay. And the second factor is
nonnegative, as implied by Proposition 1 and Assumption 1. Therefore, we show that

Tady{ved) < THasertvay) < T({ap}{e,ap)y DY transitivity, Tiq ayio,c) < T({ab}{e,d})
which concludes our proof. O

Proof of Proposition 6: First, note that if at least one agent is altruistic, implementing
four projects with each agent working alone is suboptimal. In that case, an altruistic
agent works in isolation, and the positive incentive effect arising from coworkers’ mon-
etary payoffs is lost.

Moreover, if at most one agent is selfish, implementing three projects is also not op-
timal. With three projects, one project must be staffed by two agents while the remaining
two projects are staffed by single agents. Since there are at least three altruistic agents
in this case, at least one altruistic agent must work alone, again eliminating the positive
incentive effect from coworkers’ monetary payoffs.

Next, consider the configuration in which one agent works alone, and the remaining
three agents form a team. We show that this configuration is also not optimal. To this
end, we first derive the optimal wages for a three-agent team. Under binding incentive-
compatibility constraints, we obtain the following system:

Q5 Q
p111bijg — k +p111j (bjig +bgij) = Po11bi +2?011?Z (bjig +bgij),
aj

Q
> (bijg + bgij) = po11b; + po11— (bijg + bgij),

p111bjig — K +p111 5

(6% (67
P111bgij — k +p1117‘q (bijg + bjig) = Po11b; +2?011?Z (bijg +bjig)-
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Rearranging terms yields:

Team Formation with Altruism

k (673

bijg = i —pon 2 (bjig + bgi),
k a4

biie = o 2 (bijg + byij),
k (69

bois = o 2 (bijg + bjig)-

Note that a higher average bonus paid to an agent’s coworkers raises the utility the agent
derives from their payoffs; therefore, the principal can induce the agent to work with a
lower own bonus.

. Given this, the solution of the system

k k
By Assumption 2 by = =
P11 —pPo1  P111 —Po11
is as follows:

(4 —4a; +aja; +azag — a]-ag)

b
(4 —a;a; — ajag — ajag + aiajag)

(4 —4a; +a;a; —ajag + ajag)

)
(4 —aia; —ajag — a;ag + aiajag)

. (4—4ag —aia; +aiag—|—ajag)
gij = bo

(4 —aia; —ajag — a;ag + aiajag)

The team structure in which agent ¢ works alone while the remaining agents form
a team is not optimal. If agent « is instead teamed up with agent d to the team, the
required bonus for a decreases. Moreover, since «, is minimal, including a raises the
team’s average bonus and thereby increases the benefit that the other agents derive from
their coworkers’ bonuses; this, in turn, reduces the bonuses required to induce effort
from the remaining agents.

Next, consider the configuration in which agent b works alone and the remaining
agents form a team. We show that the team formation ({a, c}{b, d}) is weakly less costly.

When agent b is paired with agent a, the bonus required to induce ¢ to work is weakly
lower than when c is grouped with agents a and d. The reason is that agent d requires a
lower bonus than agent «a, so the average bonus of {a,d} generates less utility for b than
the bonus of  alone. An analogous argument applies to agent a.

Therefore, it suffices to show that the sum of the bonuses for agents ¢ and d when ¢
works alone exceeds the sum of their bonuses when ¢ and d work together.

bige T1>bpg+b5 <

2~ —
+1)ZboM o
1—abad

4(1 — ag) + 2aq0g + Qg — Qg

bo (

4— agog — acag — aqae(l — ay)

41 — ag) + 2aq0q + acog — aqore + (4 — Qg0g — QeOg — g 0e(l — ad)> 2~y — ay
> =

=

4 — aqag — acag — agac(l —ayg) 1— apay

41



(2—ag)(4—agac) S 2—ap—ay

= (B.18)

4 — aqae — agag — acag + agacag 1 —apay

Rearranging terms, we obtain:

(2—ag)(4—agac)(l — apag) > (2 —ayp — ad) (4 — Qg — Qg — Qg + aaacad) &
& a4 —agae)(l —2ag+0a3) > (2—ap — aq)(—aqag — acag + agoeag) <

o apd—aga)(l—ag)?>—(2—op — ag) (Qaag + acag(l — ag)) (B.19)

The left-hand side is nonnegative because oy, > 0. The right-hand side is nonpositive
because 0 < ap, g < 1and 0 < o, < 1. Hence, the team formation ({a, c}{b, d}) is weakly
less costly than the configuration in which agent b works alone and the remaining agents
form a team.

We proceed analogously by considering the case in which agent ¢ works alone and
the remaining agents form a team, and we show that ({a, c}{b,d}) is weakly less costly.

As before, when agent c is paired with agent a, the bonus needed to induce ¢ to work
is weakly lower than when c is in the three-agent team {a,d}. Since agent d requires a
lower bonus than agent a, the average bonus in {a,d} is lower, so ¢ derives less utility
from coworkers’ payoffs and must be compensated more. The same reasoning applies
to agenta.

Now, it suffices to show that the sum of the bonuses for agents ¢ and d when ¢ works
alone exceeds the sum of their bonuses when ¢ and d work together.

2—a.—«
bdab-i-lecd-i-de:bo%d? =4
— Qelyq
o b0(4(1—ad)—i—Qaaad—l—abad—aaab +1) ZbOQ—ac—ad

4— aqog — apag — agap(l — ag) 1—acay

4(2 — ag) — agap(2 — ayg) S 2— e — g

4— agog —apag — agap(l—ag) = 1 —acay
(B.20)

Rearranging terms, we obtain:

(4—aqap)(2—ag)(l —acag) > (2 — ac— ag) (4 — Qg — Qg — ap0g + aaabad)
S a4 —agap) —acag(4d — aqap)(2—ag) > — (2 — ac — ag) (aaad + apag(l — aa))
& ac(d—agap) (120 +a3) > — (2 — ac — ag) (taaq + apaq(l — aq))

S acd—aqap) (1—ag)? > —(2— ac — ag) (eaaq + apag(l — ag)). (B.21)

The left-hand side is nonnegative because o > 0. The right-hand side is nonpositive
because 0 < g, e < 1 and 0 < a, < 1. Hence, the team formation ({a, c}{b,d}) is weakly
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less costly than the configuration in which agent b works alone and the remaining agents
form a team.

The last case is analogous to the previous one. Consider the configuration where
agent d works alone and the remaining agents form a three-person team. We show that
the team formation ({a,b}{c,d}) is less costly. The same argument is relevant regarding
agents ¢ and b’s bonuses.

Thus, it suffices to show that the sum of the bonuses for agents ¢ and d when d works
alone exceeds the sum of their bonuses when ¢ and d work together.

Qe — Qg

2_
bcab+12bcd+bdc:b0 , =
1 —acay

b (4(1 —ae) + 20400 + apae — agay
A Qg — apae — agap(l — ae)

42 — ae) — aqop(2 — ac) S 2—a.— g
4— qae — apae — agop(l—ae) = 1 —acay

Rearranging terms yields:

(4—aaap)(2—ac)(l —acay) > (2 —ae. — ag) (4 — QaQp — QgQe — QpQle + aaabac) &
S a4 —agap) —acag(d — aqap)(2—ag) > — (2 —ac — aq) (aaac + apac(l — aa)) =

& ag(d—agm) (1 =204 a2) > — (2 — ac — ay) (qoe + apac(l—aq)) <

e agld—agm) (1—a)?>—(2—ac—ay) (aore + apoe(l — ag)). (B.23)

The left-hand side is positive because «; > 0 and a. < 1. The right-hand side is non-
positive since 0 < a¢, a4 < 1 and 0 < a, < 1. Hence, the team formation ({a,c}{b,d}) is
weakly less costly than the configuration in which agent b works alone and the remaining
agents form a team.

Therefore, it is always optimal to implement two projects, each staffed by a two-
agent team. Moreover, by Proposition 1, the cost-minimizing team formation for two
projects with two agents per project is anti-assortative. O
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