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Abstract

Social interactions in the workplace can generate reciprocal peer effects and narrow the psychological

distance for team prosociality among coworkers. Incorporating such a psychological interdependence into a

team production model, we investigate how the optimal social interactions characterized by the type of task

the team is performing (complementary or substitutable tasks) and the vertical and horizontal structure of

the team (with or without leadership). We find that in the case of complementary tasks, social interac-

tions can enhance team performance not only for horizontal teams but also for vertical teams led by more

prosocial leaders, by narrowing the prosociality gap among members and resolving task bottlenecks. On the

other hand, in the cases of horizontal and vertical teams performing substitutable tasks and vertical teams

performing complementary tasks supported by a more prosocial follower, social interactions can actually de-

crease team performance. Our results provide important implications for organizations in considering when,

for what type of team, by whom, and to what extent to promote social interaction within teams that bring

members’ personal (psychological) distances closer, as a means of enhancing organizational effectiveness.
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1 Introduction

Interpersonal relationship-building among coworkers through social interaction is crucial in teams and organi-

zations, not only in sports teams with clear role allocation to achieve victory, but also in corporate project

teams striving to complete business tasks. In the increasingly complex and dynamic business environment,

effective communication and collaboration between team members and across different departments are essen-

tial for achieving organizational goals. Social interactions, which refers to the exchange of information, ideas,

emotional support between individuals, and friendship opportunities in the workplace plays a critical role in

fostering trust, building relationships, generating co-worker solidarity, and creating a sense of belonging among

team members. In various types of teams, “team altruism” (Li et al., 2014) or “team prosociality,” which

encompasses the feeling of team cohesion and belongingness, is also crucial for team members to experience

job satisfaction and achieve higher team performance, in addition to material motivations such as monetary

compensation and the effort they put is.

Many studies have highlighted the importance of social interaction in workplace in enhancing team perfor-

mance, increasing job satisfaction, and promoting creativity and innovation (e.g., Riordan and Griffeth, 1995;

Hodson, 1997; Nielsen et al., 2000; Krueger and Schkade 2008; Masum et al., 2015; Penconek et al., 2021;

Delfgaauw et al., 2022, among many others). Despite its significance, there are some downsides to social inter-

action in the workplace that should not be overlooked. One of the main disadvantages is that it can lead to a

decrease in prosociality among more prosocial employees when they interact with less prosocial colleagues. As

many studies have shown, the sense of camaraderie fostered by social interaction can generate both positive and

negative “peer effects.” In addition, given the nature of human reciprocity (Rabin, 1993; Fehr and Scdmidt,

1999), it is reasonable to assume that interacting with colleagues who are less prosocial (altruistic) towards the

teammates might have a negative impact on one’s own team prosociality, while interacting with highly prosocial

colleagues could have a positive impact.

Social interaction at work leads to the development of social relationships among employees and can result in

various positive or negative peer and reciprocal effects. Prior studies have documented positive effects (Johnson,

2008; Mas and Morretti, 2009; Volmer, 2012; Sparks et al., 2019; Ching et al., 2021), negative effects (Carrell

et al., 2008, 2011; Robert and Arnab, 2013; Dimmock et al., 2018; Cardella et al., 2019), and mixed effects

(Johnson 2009; Kramer et al., 2014). The peer effects and reciprocity among these members would naturally

be stronger as social interaction in the workplace is promoted, that is, workers are more affected by their peers,

especially those with whom they frequently interact.

This paper incorporates reciprocal peer effects resulting from social interaction into a model of team pro-

duction by two members with different levels of “team prosociality,” and theoretically examine the effectiveness

of social interaction in various types of team structures and project tasks. Team prosociality refers to the level

of involvement, commitment, and enthusiasm that team members have towards their work and the team’s goal.

This can include considering the well-being and success of the team and its members and valuing the benefit

of teammates. Two types of project tasks are considered: complementary tasks, where team members’ efforts

have a synergistic effect and play a complementary or supportive role in the team’s overall performance, such

that a lack of effort from one member becomes a bottleneck for the task, and substitutable tasks, where team

members’ efforts are substitutable, with the greatest effort exerted greatly impacting overall task performance.

Two types of team structures are examined: horizontal and vertical teams. In a horizontal team, team

production occurs in a flat structure without hierarchy, modeled as a simultaneous-move game. In a vertical

team, one member acts as a Stackelberg leader, indirectly motivating the follower by committing to their own

effort level before the follower. We assume that social interaction within a team has reciprocal effects on the

prosociality of its members, leading to an increase in prosociality for the less prosocial member but a decrease

in prosociality for the more prosocial member, resulting in a narrowing of the difference in prosociality levels.

Within the framework of the model, we investigate the impact of promoting social interaction on team per-

formance across different team structures and project tasks, as well as the asymmetric effects on team members’

materialistic payoffs (defined as the difference between monetary rewards and effort costs) and psychological
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payoffs (defined to include prosociality towards teammates). Furthermore, we examine the extent to which

upper-level managers overseeing teams should promote social interaction within teams.

We find the following results: For a horizontally structured team without leadership, social interaction

enhances team performance for complementary tasks by narrowing the prosociality gap among members and

resolving task bottlenecks. This results in Pareto improvement, benefiting all members in terms of material

and psychological payoffs when the effort synergy (complementarity) is high. When the synergy is low, social

interaction improves the material payoff of highly prosocial members and the psychological payoff of less prosocial

members.

In a vertical team with a hierarchical structure, we find that social interaction improves team performance

for complementary tasks only when the team is led by a leader with relatively high prosociality. In the case of

complementary tasks with strategic complementarity in effort, if the prosociality of the team members is equal,

the leader will exert more effort than the follower, and the follower’s lack of effort becomes a bottleneck to

task efficiency. Social interaction between a more prosocial leader and a follower contributes to team efficiency

by increasing the prosociality of the bottlenecked followers. However, when the team is supported by a more

prosocial follower, social interaction may reduce their effort contribution by lowering their prosociality, which

could in turn lead to a decrease in the leader’s effort, potentially having a negative impact on team performance.

In the case of substitutable tasks, social interaction leads to a decrease in team performance regardless of the

team’s horizontal or vertical structures. This is because the equalization of prosociality among team members

reduces the effort of members with larger effort, leading to a decrease in team efficiency.

Our findings contribute to a series of studies on team production and leadership in the following ways. Firstly,

we present a simple model framework that shows how social interactions within a team that generate reciprocal

peer effects among members can either enhance or diminish team performance in various situations. Secondly,

we qualitatively clarify the effects of social interaction within a team on both the material payoff composed

of the rewards and efforts perceived by agents and the psychological (mental) payoff. Thirdly, we reveal the

diverse effects of social interaction on team performance based on the team’s horizontal and vertical structures,

i.e., whether the team has leadership or not, and the type of task, whether complementary or substitutable.

We analyze three important extensions to our basic model. The first extension considers what kind of team

should be built if a manager can observe the prosociality of team members and allocate roles optimally based

on that information. The second extension is to analyze situations in which the team’s structure (horizontal or

vertical) and roles (leader and follower) are endogenously determined by team members using the framework

of endogenous timing games. These two extensions show that optimal team structure and leadership allocation

can be achieved by assigning a more prosocial member to the role of follower in vertical teams performing

complementary tasks, which can also be an endogenous choice of team members themselves. This implies

that social interaction can mitigate inefficiencies in situations where external factors lead to suboptimal team

structures, such as assigning a prosocial person as leader or a company culture that favors horizontal teams.

Our third extension utilizes an infinitely repeated game framework with a grim-trigger strategy to investigate

the impact of social interaction on the sustainability of long-term cooperation among team members in situations

where team production is repeatedly performed by the same members over the long term. Given that asymmetric

prosociality among team members hinders cooperation, social interaction promoting convergence in prosociality

plays a facilitating role in promoting cooperative behavior in teams. In a horizontal team, social interaction

facilitates team cooperation regardless of the type of task being performed. In contrast, in a vertical team with

a leadership hierarchy, social interaction plays a facilitating role in promoting team cooperation only when the

leader initially exhibits higher prosociality than the follower, irrespective of the task type.

This paper is structured as follows. Section 2 reviews related research. Section 3 presents the basic structure

of the model, and Section 4 investigates the effect of social interaction in horizontal teams. Section 5 analyzes

the same in vertical teams. Section 6 discusses the obtained results, mainly regarding the possibility of voluntary

social interaction by team members, the optimal duration of teams, and their relation to psychological safety in

organizations. Section 7 provides three extensions of the model, optimal team design by a manager, endogenous

leadership selection between members, and the effect of social interaction on the sustainability of cooperation.
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Finally, Section 8 presents remaining research questions and concludes the paper.

2 Related Literature

In this section, we will provide a thorough review of literature related to various topics, including the influence

of peers, the psychological impact of leaders on their followers, the significance of communication and social

interaction within organizations, and the economic theories of team production, emphasizing the importance of

prosociality and reciprocity.

2.1 Peer Effects in Various Situations

Individuals within the same organization or community experience various peer effects, whether positive or

negative, and there is an accumulation of empirical research on this phenomenon. For instance, Mas and Moretti

(2009) show a positive peer effect in the workplace, where the relative ability differences among coworkers affected

their productivity. They find that the presence of high-ability coworkers leads to improvements in productivity,

and that productivity further increases as coworker relationships strengthen. Jarosch et al. (2021) also report

a positive peer effect, specifically analyzing the impact of learning from coworkers on individual productivity,

and demonstrating that such learning improves individual productivity.

In contrast, some studies shows that associating with peers engaged in illicit behavior, such as illegal drug use

by professional baseball players (Gould and Kaplan, 2011), financial fraud by employees (Dimmock et al., 2018),

and cheating by peers (Carrell et al., 2008), has negative peer effects. Emotional contagion is also present, with

peer behavior in greed and selfishness being contagious (Cardella et al., 2019) and dishonesty being contagious

among peers (Robert and Arnab, 2013). Kramer et al. (2014) conduct a large-scale experiment using Facebook

and demonstrated the spread of positive and negative emotions through social media.

2.2 Social Interaction in Teams with/without Leadership

Extensive research in economics, psychology, sociology, and business studies has demonstrated that building

personal relationships, friendships, and fostering communication through social interaction is beneficial for en-

hancing team cohesion and performance in various types of teams, including those in companies and educational

institutions. For instance, a close communication and improved intimacy among teammates can enhance team

performance (Büyükboyacıand Robbett, 2017; Battiston et al., 2021; Ching et al., 2021). Even geographi-

cally dispersed teams can improve performance through voluntary communication among members (Hinds and

Mortensen, 2005). Van den Bulte and Moenaert (1998) find that co-location of multiple teams increased commu-

nication among R&D teams, marketing, and manufacturing departments, leading to improved speed of product

development and manufacturing. The co-location in their study can be seen as an example of the investment

that promotes social interaction in our theory. Pearce (2004) also notes that “shared vision” within a team is

key to enhancing performance by promoting members’ altruism and teamwork.

A series of studies on team leadership examines the communication between a leader and team members,

as well as the contagion of leader emotions to team members (Clarkson et al., 2020, for a meta-analysis on

leadership and emotional contagion). The positivity or negativity of a leader’s psychological characteristics is

contagious to followers (Johnson, 2008, 2009), and it is evident that teams led by leaders with a positive mood

perform better (Volmer, 2012). Additionally, research shows that opportunities for communication with leaders

who possess strong communication skills (Lu et al., 2022) and opportunities for communication with leaders

chosen by followers (Brandts et al., 2015) have a positive impact on teams. Our theory suggests that interaction

with more prosocial leaders enhances team performance in complementary tasks, and this mechanism provides

insight into the results of these empirical and experimental studies.
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2.3 Prosociality and Psychological Safety in Teams

Numerous studies have highlighted the importance of prosociality (altruism) among team or organizational

members in enhancing performance. For instance, the socialization processes within a team can influence

the levels of prosociality among new members, which may foster greater cohesion and better performance

outcomes (Moreland and Levine, 1982; O’Reilly and Chatman, 1986). Li et al. (2014) propose a model of work

team altruism, which shows that it enhances team cooperation and trust, leading to better team performance.

Furthermore, altruistic motives within teams promote tacit knowledge-sharing within the team (Obrenovic et

al., 2020). Data from the National Hockey League shows that higher team altruism scores are associated with

higher playoff and winning percentages, and that team altruism contributes more to success than individual

skills (Stevens et al., 2020). Furthermore, Hekman et al. (2009) shows that having a higher organizational

identification leads employees to reciprocate towards organizational support and achieve high performance. Our

findings indicate that reciprocal prosociality between team members through social interaction can enhance

the performance of complementary tasks, offering a mechanism for why team prosociality is associated with

improved group cohesion and performance outcomes.

Our study is also relevant to a series of previous studies that have shown that ensuring psychological safety

within an organization leads to better organizational performance (Kahn, 1990; Edmondson, 1999; Carmeli et

al., 2010; Gu et al., 2013). If a team has psychological safety, employees feel safe to express their opinions and

ideas without fear of negative consequences, which could result in more communication and opportunities to

learn about their teammates’ prosociality. In this sense, the investment in social interaction in our model can

be viewed as an investment in ensuring psychological safety of the team.

2.4 Economics Theory and Experiment for Team Production and Leadership

When team members are rewarded based on the team’s collective output, the non-excludable nature of the

rewards can incentivize individual members to under-contribute voluntarily, resulting in inefficient team per-

formance.1 This feature is captured by the team production model, which is based on the theory of private

provision of public goods pioneered by Bergstrom et al. (1986). Within the framework, Varian (1994) examines

a sequential contribution game with leadership and shows that the underprovision problem (or inefficient team

performance) is further exacerbated because the leader free rides on the follower’s effort. This situation is similar

to our results for substitutable tasks.

Optimal leadership and team formation problems have been analyzed in various studies within the theory

of team production. Huck and Rey-Biel (2006) investigate endogenous leadership in teams where members

dislike effort differentials among members. Kempf and Rota-Graziosi (2010) examine endogenous leadership

with varying properties of public goods or team production. Bose et al. (2010) and Hattori and Yamada (2020)

focus on designing rewards based on team members’ roles and leadership selection in teams with or without

leadership. Gregor (2015) analyzes task allocation between leaders and followers for multiple tasks. Hattori

and Yamada (2018) explore members’ incentives for skill improvement in horizontal and vertical teams with

substitutable tasks. Rahmani et al. (2018) consider “participatory” and “directive” team leadership and find

that the contributions of a leader and followers are aligned for tasks with complementary efforts. While our

paper shares similarities with these previous studies in terms of the model’s setting, none of these studies have

considered the significant role of prosociality in enhancing teamwork and its reciprocal effects.

There are many theoretical and experimental studies that demonstrate the importance of “social norms”

based on prosociality (altruism) and reciprocity among team members for team efficiency (e.g., Fehr and Gachter,

2000; Fehr and Schmidt, 2006). Carpenter et al. (2009) demonstrate, through theory and experiments, that

agents with unconditional altruism and reciprocity motives can achieve high levels of cooperation by willingly

1There are many studies that use principal-agent theory, such as Lazear and Rosen (1981) and Holmström (1982), to consider
the moral hazard problem in teams and the optimal compensation design under it, including studies by McAfee and McMillan
(1991), Itoh (1991), Che and Yoo (2001), and Rayo (2007) among others. Our study focuses on analyzing how social interaction
affects the strategic effort decision of team members under a common reward based on team performance, so there is little relevance
to studies using these contract-theory approaches.
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bearing costs to punish non-contributing members when reciprocity is strong. While we also assume the presence

of agents with intrinsic prosociality, our focus is on the reciprocal effect among members brought about by

endogenous social interaction. Baldassarri (2015) conducts a lab-in-the-field experiment in Uganda and shows

that reciprocity among teammates is more important for promoting cooperative behavior than consideration for

others such as altruism and group solidarity. Our research differs from theirs in that we consider the efficiency

of team production with reciprocity as a two-way peer effect and its relation to leadership.2

Our prosociality function, which represents how social interaction equalizes prosociality among members

through the strengthening of the reciprocal peer effect, is based on Levine’s (1998) definition of “fairness,”

wherein individuals are more willing to be altruistic towards opponents who exhibit higher levels of altruism to-

wards them. In this sense, our conception of social interaction in the workplace can be interpreted as increasing

each employee’s fairness concerns through their interactions with one another. Several studies provide indirect

evidence that the promotion of interpersonal relationships and building cooperative environment strengthens

fairness concerns. For instance, when individuals are treated fairly, they are more likely to reciprocate with

fairness towards others, and in cooperative environments, people tend to demand more fairness than in compet-

itive environments (Fehr and Schmidt, 1999). Furthermore, reciprocal individuals exhibit greater trust towards

others compared to selfish individuals (Altmann et al., 2008).

2.5 Endogenous Altruism in Teams

Perhaps the most relevant papers to our research are Rotemberg (1994) and Dur and Sol (2010), which consider

the endogenous altruism of team members and demonstrate the importance of human relations in the workplace.

Rotemberg’s (1994) considers altruistic agents receive psychological rewards not only from their own material

payoffs, but also from those of their teammates and shows that committing to altruism is a rational decision

when there is strategic complementarity between actions, meaning that “complementarity breeds altruism.”

He also demonstrates that opportunities for socializing that encourage altruistic behavior are beneficial for the

team. Dur and Sol’s (2010) study, on the other hand, develops a multi-agent principal-agent model in which

intrinsic altruism is fostered through social interactions with colleagues. Instead of allowing agents to choose

their own level of altruism as Rotemberg (1994) does, Dur and Sol (2010) considers the optimal contract in

situations where agents can enhance their teammates’ altruistic feelings towards them by showing kindness,

respect, and attention.

Our study, like these previous studies, examines the impact of team members’ endogenous altruism and

the efficiency of organizational social interaction and human relationships in the workplace. However, our

study differs from these studies in the following ways. First, Rotemberg (1994) and Dur and Sol (2010) take a

behavioral approach where it is possible to increase one’s own level of altruism or the level of altruism of others,

but they do not account for peer effects that may be influenced by others’ low or high levels of altruism. Our

study focuses on the emotional aspect of human behavior, where individuals are influenced by others’ feelings

and motivation, and endogenize their prosociality through social interaction, which promotes assimilation and

strengthens peer effects. Second, we show that the type of task, the horizontal and vertical structure of the

team, and the type of leader serve as boundary conditions for social interaction to enhance team performance.

3 The Model

Consider a team consisting of two members (Members 1 and 2) and one upper manager who oversees the team.

The two team members engage in a common task, and their team performance is given by G(g1, g2;β), where

2Regarding the examination of reciprocity between principals and agents, rather than among team members, Itoh (2004) considers
agents’ altruism and inequity aversion, Bassi et al. (2014) investigate reciprocal altruism between principal and agent, and Dur et
al. (2010) analyze optimal incentive contracts for agents who reciprocate to the principal’s attention.
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g1 ∈ R+ and g2 ∈ R+ are respectively Member 1’s and 2’s effort to team production. We assume

∂G/∂gi > 0, ∂2G/∂g2i ≤ 0, and
∂2G

∂gi∂gj
= β

for i, j ∈ {1, 2}, where β ∈ R represents the degree of effort complementary/substitutability. In some parts of

the paper, we use the following specific team production function:

G(g1, g2;β) =
∑

i=1,2

gi + β
∏

i=1,2

gi. (1)

In the team production function, β > 0 indicates that the efforts of two individuals play complementary roles in

team production. We refer to the task with β > 0 as “complementary tasks,” which corresponds to a situation

where even if one team member exerts a greater effort, team performance will not improve unless the other

team member’s effort is also substantial. In other words, increasing the effort level of the member who exerts

the lowest effort leads to a more significant improvement in team performance.3

On the other hand, we call the case of β < 0 as “substitutable tasks,” which indicates that the efforts of two

individuals play substitutive roles in team production. A substitutable task can be handled by multiple team

members, allowing another member to take over if the original member is unable to complete it. For example,

this could refer to a situation where one team member takes a vacation and another team member substitutes

for their role, allowing for the task to proceed seamlessly. This type of task is considered “routine” (as defined

by Rahmani et al. (2018)), and can be performed by any team member, with the level of performance primarily

dependent on the effort exerted by the team member who exerts the greatest amount of effort.4 For example,

this could happen when team members share limited resources, such as production facilities, or when a superstar

member’s exceptional performance substantially enhances the team’s overall evaluation.5 As we will see later,

when β is positive (negative), the efforts of the two members are strategic complements (strategic substitutes).

Member i entails the following “materialistic” utility, πi:

πi(gi, gj) =
α

2
γ G(gi, gj ;β)− C(gi), (2)

where α ∈ [0, 1] is the labor share, γ ∈ R+ is the team productivity parameter that converts team performance

into revenues, and C(·) is the effort cost function. The labor share α represents the proportion of rewards

generated from team production that are allocated to the two workers as labor income. We use the specific

functional form for the effort cost as C(gi) = c g2i , where c > 0 is the effort cost parameter.

The material utility is defined as the common reward determined by team performance minus the effort

cost, not including psychological factors such as a sense of belonging to the team, cohesiveness, and prosociality.

These psychological factors are included by the following “psychological” utility, ui:

ui(gi, gj , φi) = πi + φi (λ; ai, aj)πj , (3)

3For example, if we consider the function G(g1, g2; 1) with β = 1 > 0 in (1), the marginal product for Member i’s effort is
∂G/∂gi = 1 + gj . This implies that if gi > gj holds, increasing gj further leads to a higher team performance than increasing gi
further. The production function with β > 0 can be described as team performance being a ”weaker-link” type of public good,
according to the terminology introduced by Hirshleifer (1983).

4For example, if we consider the function G(g1, g2; 1) with β = 1 > 0 in (1), the marginal product for Member i’s effort is
∂G/∂gi = 1 + gj . This implies that if gi > gj holds, increasing gi further leads to a higher team performance than increasing gj
further. This can also be described as a “better-shot” type, in Hirshleifer’s (1983) terminology, where increasing the effort level of
the member who exerts the highest effort leads to a more significant improvement in team performance.

5In a team production function defined by (1), complementary tasks are those for which a smaller difference in efforts between
the two players results in a larger team output, while substitute tasks are those for which a larger difference leads to a larger team
output. For example, if we assume that the sum of efforts of both players is 1 (i.e., g1 + g2 = 1), in a complementary task where
β = 1 > 0, we have G(0.5, 0.5; 1) = 0.5 + 0.5 + (1)(0.5)(0.5) = 1.25 > G(0.8, 0.2; 1) = 0.8 + 0.2 + (1)(0.8)(0.2) = 1.16 > G(1, 0; 1) =
1 + 0 + (1)(1)(0) = 1, while in a substitute task where β = −1, we have G(0.5, 0.5;−1) = 0.5 + 0.5 + (−1)(0.5)(0.5) = 0.75 <
G(0.8, 0.2;−1) = 0.8 + 0.2 + (−1)(0.8)(0.2) = 0.84 > G(1, 0;−1) = 1 + 0 + (−1)(1)(0) = 1. Also, in (1), the marginal product of
each member’s effort is 1 + βgj , and this should be non-negative.
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where φi(λ; ai, aj) ∈ [0, 1] is Member i’s degree of team prosociality, which represents how Member i values the

utility of Member j, ai ∈ [0, 1] is Member i’s intrinsic level for team prosociality, aj ∈ [0, 1] is the teammate j’s

intrinsic level for team prosociality, and λ ∈ [0, 1] is the degree of social interaction within the team.

We assume that the team prosociality of each member is mutually influenced through social interactions,

resulting in a convergence of the prosociality levels. The function φi(ai, aj , λ) is assumed to have the following

properties:

φi(0; ai, aj) = ai, φi(1; ai, aj) = φj(1; ai, aj), (4)

|φi(λ; ai, aj)− φj(λ; ai, aj)|

∂λ
< 0, (5)

φi(λ; ai, aj)

∂λ
= −

φj(λ; ai, aj)

∂λ
. (6)

The properties in (4) indicate that members possess their intrinsic team prosociality in the absence of social inter-

action, while with full interaction at λ = 1, their team prosociality perfectly aligns (i.e., maximum reciprocity).

The property in (5) represents that social interaction continuously reduces the gap in team prosociality between

individuals, and (6) represents that this effect is symmetric. In other words, as social interaction between team

members becomes deeper, team prosociality among members tends to equalize, meaning that members with

higher prosociality will decrease their prosociality through interaction with those with lower prosociality, while

members with lower prosociality will increase their prosociality. That is, social interaction strengthens peer

effects, resulting in the contagion of team prosociality among members

As one of the specific functional forms that satisfies the properties of (4), (5), and (6), we sometimes use the

following:

φi(λ; ai, aj) =
ai + λaj
1 + λ

. (7)

The variable λ in (7) is based on the formulation by Levine (1998) of the degree of “fairness” in individuals,

wherein individuals are more willing to be prosocial towards opponents who exhibit higher levels of prosociality

towards them. In our study, λ is an endogenous variable determined by the manager, representing both the

level of social interaction and the strength of peer effects among team members.

We examine two types of team structures. One is a horizontal team structure in which there is no leader-

follower (or superior-subordinate) relationship between two members in each team. This team structure is

represented by a game in which each member takes the effort of the other as given and simultaneously determines

their own effort level. The other is a vertical team structure represented by a Stackelberg-type game, where

one member acts as a leader and decides their effort level first, while the other member acts as a follower and

determines their effort level after observing the leader’s effort level. In team production models, the Stackelberg

leader captures important features of real-world leaders, including the power to commit workload, the ability to

motivate followers through their workload commitment, and an informational advantage in predicting followers’

reactions.

In exchange for receiving 1 − α fraction of the rewards earned by the team, the manager who manages a

team holds the authority and responsibility for determining the team’s social interaction level and bearing the

associated costs. The manager’s payoffs, πM (G,λ) are defined by:

πM (G,λ) = (1− α)γG− ω(λ), (8)

where ω(·) is the cost for establishing social interaction with ω′ > 0, ω′′ > 0, ω(0) = 0, and ω(1) = ∞.6 For

6We do not distinguish between psychological and physical payoffs for managers. This is because we focus on team prosociality,
that is, altruistic preferences towards the same team members, which operates only within the team.
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Table 1: Summary of Notations

Notation Definition

Parameters

α Labor share (employee compensation share)

β Degree of effort complementary/substitutability

γ Team productivity parameter

c Effort cost parameter of contributing effort

ai Intrinsic degree of team prosociality for Member i

h Cost parameter for promoting social interaction

Variables and functions

gi Member i’s effort

λ Degree of Social interaction

G(gi, gj ;β) Team performance

C(gi) Effort cost function for Member i

πi(gi, gj) Material payoffs for Member i

πM (G, λ) Payoffs for manager

ui(gi, gj , φi) Psychological payoffs for Member i

φi(λ; ai, aj) Member i’s team prosociality

ω(λ) Cost function for social interaction

Ri(gj , φi) Best response of Member i against Member j’s effort

some results, we use the specific form of the cost function as

ω(λ) =
hλ2

1− λ
, (9)

where h ∈ R+ is cost parameter. We assume that the cost of social interaction is borne by the manager or the

organization instead of the team members. Possible costs include expenses for designing institutional arrange-

ments to facilitate social interactions among members, co-locating members’ workplaces, providing facilities

such as bars, coffee counters, and recreational facilities to encourage workplace communication, organizing so-

cial events within the company, and the expected opportunity costs of time allocated to social interactions.

However, as discussed in Section 6.1, there may be situations where team members themselves voluntarily bear

the costs of social interaction.

The game has two stages. In Stage 1, the manager determines the level of social interaction, λ, in order to

maximize their own payoffs. Each member’s team prosociality will be equalized depending on the level of social

interaction. In Stage 2, each team member voluntarily determines the amount of effort to the team task, which

is complementary or substitutable tasks. In the case of a vertical team, the leader decides their contribution to

the team task first, and then the follower determines their contribution. In the case of a horizontal team, each

member determines their contribution simultaneously. Table 1 summarizes the basic notations used throughout

the paper.

4 Social Interaction in Horizontal Teams

This section derives the impact of social interaction on the effort levels, team performance, and member utilities

in equilibrium, as well as the optimal level of social interaction for a team with a horizontal structure.

4.1 Team Production in Stage 2

We derive the equilibrium of Stage 2 in horizontal teams. Given the level of social interaction λ, each member

in horizontal teams simultaneously decides their effort to maximize their psychological utility. We have the

9



following first-order conditions for i = {1, 2}:

∂ui

∂gi
=

α

2
γ (1 + φi)

∂G

∂gi
− C ′ = 0. (10)

The second-order condition is SOCi ≡ ∂2ui/∂g
2
i = α

2
γ(1 + φi)

∂2G
∂g2

i

− C ′′ < 0, which necessarily holds.

The first-order condition (10) implicitly defines the reaction function of Member i against Member j’s effort,

Ri(gj , φi). By utilizing the implicit function theorem, the property is given by

∂Ri

∂gj
= −

α
2
βγ(1 + φi)

SOCi

,
∂Ri

∂φi

= −

α
2
γ ∂G
∂gi

SOCi

. (11)

The sign of ∂Ri/∂gj depends only on the sign of β, which confirm that both members’ efforts are strategic

complements for complementary tasks with β > 0 and are strategic substitutes for substitutable tasks with

β < 0.

When applying the specific functional forms, we have the following reaction functions:

gi = Ri(gj , φi) ≡
αγ(1 + φi)(1 + βgj)

4c
, (12)

where ∂Ri/∂gj > 0 if β > 0 and ∂Ri/∂gj < 0 if β < 0.

To ensure the uniqueness and stability of Nash equilibrium, we assume ∂2ui

∂g2

i

∂2uj

∂g2

j

− ∂2ui

∂gi∂gj

∂2uj

∂gi∂gj
> 0. When

we apply the specific production function of (1), we assume the following.7

Assumption 1.

4c− α|β|γ
√

1 + φi

√

1 + φj > 0 (13)

For the sake of computational simplicity, we impose the following slightly stricter condition instead of the

above one:

4c− α|β|γ (1 + max[φi, φj ]) > 0. (14)

Solving for Ri and Rj in (12), we have the equilibrium effort level of Member i:

gHi =
αγ(1 + φi)ξj

Γ
, (15)

where

ξi ≡ 4c+ αβγ(1 + φi) > 0 and Γ ≡ 16c2 − α2β2γ2(1 + φ1)(1 + φ2) > 0,

hold from (14), and the superscript H refers to the 2nd-stage equilibrium value in horizontal team. Substituting

the equilibrium effort to G, ui, and uj , we characterize the 2nd-stage equilibrium as GH , πH
i , and uH

i .

We now derive the impact of changes in one member’s team prosociality on their own effort and the effort

7Following Vives (1999), the stability of the equilibrium require
∣

∣

∣

∣

∣

∂2ui

∂g2i
·
∂2uj

∂g2j

∣

∣

∣

∣

∣

>

∣

∣

∣

∣

∂2ui

∂gi∂gj
·

∂2uj

∂gi∂gj

∣

∣

∣

∣

,

which reduces to the condition in Assumption 1.
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of other team member. From (10), we have

(

dgHi
dgHj

)

= −
1

D





∂2uj

∂g2

j

− ∂2ui

∂gi∂gj

−
∂2uj

∂gj∂gi

∂2ui

∂g2

i





[

αγ
2

∂G
∂gi

0

]

(dφi) ,

where the determinant D ≡ (∂2ui/∂g
2
i )(∂

2uj/∂g
2
j )− (∂2ui/∂gi∂gj)(∂

2uj/∂gi∂gj) > 0. Therefore, we find

dgHi
dφi

= −
1

D

(

∂2uj

∂g2j

)

α

γ

∂G

∂gi
> 0

dgHj
dφi

= −
1

D

(

−
∂2uj

∂gi∂gj

)

α

γ

∂G

∂gi
⋛ 0 ⇔

∂2uj

∂gi∂gj
⋛ 0 ⇔ β ⋛ 0.

The two equations above show that (i) an increase in one’s own prosociality leads to an increase in one’s own

effort and (ii) in the case of substitutable tasks, an increase in one’s own prosociality leads to an increase

(decrease) in the effort of other members.8

Then, we explore the effect of social interaction on each member’s effort. Differentiating gHi in λ, we have

(

dgi
dgj

)

= −
1

D





∂2uj

∂g2

j

− ∂2ui

∂gi∂gj

−
∂2uj

∂gj∂gi

∂2ui

∂g2

i





[

αγ
2

∂G
∂gi

φ′
i(λ)

αγ
2

∂G
∂gj

φ′
j(λ)

]

(dλ) .

Using (6) and (11), we have

dgi
dλ

= −
1

D

αγ

2
φ′
i

(

∂2uj

∂g2j

∂G

∂gi
+

∂2ui

∂gi∂gj

∂G

∂gj

)

= −
SOCj

D

α

2
γφ′

iζ
H
i , (16)

where

ζHi ≡
∂G

∂gi
−

∂Rj

∂gi

∂G

∂gj

1 + φi

1 + φj

. (17)

The sign of (16) is equal to the sign of φ′
i ζ

H
i . When β < 0, we have ∂Rj/∂gi < 0, implying that ζHi > 0 must

hold. Therefore, the sing of dgi/dλ coincides with the sign of φ′
i. This means that if ai > aj (or equivalently

φi > φj), then dgHi /dλ < 0, and if ai < aj , then dgHi /dλ > 0: social interaction reduces the effort of more

prosocial members and increases the effort of less prosocial members.

On the other hand, in the case of complementary tasks with β > 0, there may be cases where ζH < 0 due to

∂Rj/∂gi > 0. Considering that ∂Rj/∂gj < 1 is a necessary condition for the existence of a Nash equilibrium,

in the case where ai ≤ aj (φi ≤ φj), ζ
H
i is always positive due to ∂G/∂gi > ∂G/∂gj . However, when strategic

complementarity is strong (∂Rj/∂gj is large) and φi > φj , there is also a tendency for ∂G/∂gi < ∂G/∂gj ,

resulting in ζHi < 0. In this case, the sign of dgHi /dλ is opposite to the sign of φ′
i. This means that if

ai > aj , there may be a case where both dgHi /dλ > 0 and dgj/dλ > 0 hold. In other words, when strategic

complementarity is strong, there is a region where social interaction increases the effort of both members. As

the level of social interaction increases, the level of prosociality of each member becomes equalized, and ζHi
eventually becomes positive. If both members have ζHi > 0, then social interaction reduces the effort of more

prosocial members and increases the effort of less prosocial members, similar to the case of substitutable tasks.

Now, we have the following proposition.

Proposition 1. For a horizontal team performing complementary tasks, if strategic complementarity is strong

enough (ζHi < 0), social interaction can increase the effort of all members. However, for teams performing

8These effects can be confirmed by applying (1):
dgHi
dφi

=
16cαγξj

Γ2
> 0 and

dgHi
dφj

=
4cα2γ2(1+φi)ξi

Γ2
· β ⋛ 0 ⇔ β ⋛ 0.
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Figure 1: Equilibrium Effort and Social Interaction in Horizontal Teams

substitute tasks or with weak strategic complementarity, social interaction can reduce the effort of more prosocial

members and increase the effort of less prosocial members.

The intuition behind the results is straightforward: social interaction has a direct effect on the effort of a

member with high prosociality by lowering their prosociality and an opposite effect on a member with low proso-

ciality by increasing their prosociality. In the case of complementary tasks, there is a strategic complementarity

of effort, whereby the increase in effort of the latter can lead to a strategic effect that increases the effort of the

former, leading to social interaction raising the efforts of both.

Applying the specific functional form (1), (16) can be obtained as follows.

dgHi
dλ

=
4cαγξj
Γ2

φ′
i

(

4c− αβγ(1 + φi)
ξi
ξj

)

. (18)

In (18), we readily find that when β < 0, dgHi /dλ < 0 for φi > φj and dgHi /dλ > 0 for φi < φj hold. When

β > 0, dgHi /dλ > 0 holds for φi > φj , provided that the following conditions are met:

4c− αβγ(1 + φi)
ξi
ξj

< 0, (19)

which corresponds to ζHi < 0. In the condition (19), if φi > φj , ξi/ξj > 1 holds, and therefore, even within

parameter ranges that satisfy Assumption 1, it is possible for the condition to hold when c is small and α, β, and

γ are large. For example, if α = .5, β = 1, γ = 4, a1 = 1, and a2 = 0, condition (19) reduces to c < 1+
√
17

4
≈ 1.28,

and in this case, social interaction would raise effort levels for both members. In the following, we will refer to

cases with low effort cost or high complementarity as the case of small c.

In Figure 1, the 2nd-stage equilibrium effort of each member is depicted as a function of λ for horizontal

teams performing complementary and substitutable tasks with α = .5, γ = 4, and {a1, a2} = {1.0}. In the case

of complementary tasks (β = 1), there exists a range of λ that satisfies the condition (19) when c = 1, but not

when c = 2. As can be seen from this figure, in the case of complementary tasks, there is a region where social

interaction increases the efforts of both members when the effort cost is small. However, when the effort cost is

high or in the case of substitutable tasks, social interaction reduces the effort of more prosocial members and

increases the effort of less prosocial members.
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Next, we investigate how social interaction affects the equilibrium team performance, GH .

dGH

dλ
=

SOC1 · SOC2

D
φ′
1

(

∂Ri

∂φi

ζHi −
∂Rj

∂φj

ζHj

)

. (20)

The derivations are given in Section S1 of Supplementary Materials.

The sign condition for (20) is simple: when β > 0, φi > φj implies φ′
i < 0, ∂Ri

∂φi
<

∂Rj

∂φj
, and ζHi < ζHj ,

which leads to dGH/dλ > 0. In addition, φi < φj implies φ′
i > 0, ∂Ri

∂φi
>

∂Rj

∂φj
, and ζHi > ζHj , which also leads

to dGH/dλ > 0. In contrast, when β < 0, φi > φj implies φ′
i < 0, ∂Ri

∂φi
>

∂Rj

∂φj
, and ζHi > ζHj , which leads to

dGH/dλ < 0. Also, φi < φj implies φ′
i > 0, ∂Ri

∂φi
<

∂Rj

∂φj
, and ζHi < ζHj , which leads to dGH/dλ < 0. Now, we

have the following main proposition.

Proposition 2. Social interaction necessarily enhances performance for horizontal teams performing comple-

mentary tasks and necessarily lowers performance for horizontal teams performing substitutable tasks. The effect

becomes stronger as the difference in team prosociality among members increases.

The result is highly intuitive. In cases where tasks are complementary, the synergy effect in production is

strengthened when the difference in effort among team members is small, resulting in higher team performance.

However, when there is a difference in team prosociality among members, the smaller effort of the less prosocial

member becomes a bottleneck for the task. In such situations, social interaction can reduce the prosociality gap

and narrow the effort difference, thereby resolving the bottleneck and improving team performance.

On the other hand, when tasks are substitutable, the team performance is higher when the difference in

effort is greater, as long as the total effort is held constant. This means that social interaction aimed at reducing

prosociality gap can actually lower team performance. Moreover, as Proposition 1 shows, the effort of the highly

prosocial member not only decreases due to social interaction resulting in decreased their prosociality, but also

to exploit the increased prosociality of other team member. This can significantly reduce team performance.

By specifying the team production function as (1), we can confirm Proposition 2. After some manipulations,

we have

GH =
αγ(4c(1 + φ1)ξ

2
2 + (1 + φ2)ξ1Γ)

Γ2
.

The effect of social interaction on equilibrium team performance is given by

dGH

dλ
=

16c2α2γ2(2ξiξj + Γ)

Γ3
· (φj − φi)φ

′
i(λ) · β. (21)

Since the term (φj − φi) · φ
′
i ≥ 0 holds for all ai ∈ [0, 1] and aj ∈ [0, 1], we find that the sign of (21) is positive

(negative) for β > 0 (β < 0), which confirms Proposition 2.

Figure 2 depicts the relationship between the degree of social interaction and equilibrium team performance

for various combinations of a1 and a2 in the case of α = .5, γ = 4, and c = 2. We depict three differ-

ent case in which member’s average prosociality are the same but its variances are different, i.e., {a1, a2} =

{1, 0}, {0.75, 0.25}, and {0.65, 0.35}.

Before deriving the optimal level of social interaction by a manager, let us examine the effects of social

interaction on the material and psychological payoffs of team members. Applying the envelope theorem, the

marginal impact of λ on the material and psychological payoffs of each member in 2nd-stage Nash equilibrium

can be expressed as follows:

dπH
i

dλ
=

αγ

2

dGH

dλ
−

dgHi
dλ

C ′, (22)

duH
i

dλ
=

dgHj
dλ

∂ui

∂gj
+ φ′

iπ
H
j (23)

In (22), the first term represents the common influence of social interaction on rewards for both members, while
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Figure 2: Team performance for complementary (left) and substitutable (right) tasks

the second term represents the individual impact on effort costs. In the case of complementary tasks (β > 0),

from Propositions 1 and 2, social interaction increases rewards and increases the effort of both members when

effort costs are low, while decreasing the effort of the more prosocial member and increasing the effort of the

less prosocial member when effort costs are high. Therefore, it can be seen that the material payoff of the more

prosocial member is more likely to be improved by social interaction. The payoff of the less prosocial member

may also be improved by social interaction when effort costs are low, due to the reward increase resulting

from increased effort by both members. On the other hand, in the case of substitutable tasks (β < 0), social

interaction reduces rewards and the effort of the more prosocial member is just replaced by the effort of the less

prosocial member, making it impossible for both members’ material payoffs to improve.

Equation (23) captures the impact of social interaction on the psychological payoffs of team members. The

first term on the right-hand side represents the indirect effect of social interaction through changes in other

member’ efforts on one’s own psychological payoffs, while the second term represents the direct effect of changes

in one’s own team prosociality on psychological payoffs. In the case of the complementary tasks, if φi < φj ,

the indirect effect is positive (negative) when effort costs are small (large), and the direct effect is positive.

Conversely, if φi > φj , the indirect effect is positive, but the direct effect is negative. It is worth noting that

even when the indirect effect is negative, its impact is not as strong as the direct effect due to the strategic

complementarity of effort. Therefore, less prosocial members are more likely to improve their psychological

payoffs through social interaction than those with higher prosociality. More importantly, as shown graphically

later, social interaction may lead to Pareto improvements, that is, improvement of the psychological payoffs for

both members when effort costs are low.

In the case of substitutable tasks, if φi < φj (φi > φj), the indirect effect is negative (positive) while the

direct effect is positive (negative). Therefore, as in the case of complementary tasks, less prosocial members are

more likely to experience improved psychological payoffs through social interaction. However, social interaction

may lower the psychological payoffs of both members, especially when the effort cost is low, as it can lead to a

decrease in team rewards.

The material and psychological payoffs of each member are illustrated as a function of social interaction

in Figures 3 and 4, where the complementary and the substitutable tasks cases are depicted, respectively. In

all graphs of Figures 3 and 4, it can be observed that in the situation of “maximal reciprocity” of λ = 1, the
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Note. Parameters: α = .5, γ = 4, c = 1 (small effort cost), c = 2 (large effort cost), and {a1, a2} = {1, 0}.

Figure 3: Material/Psychological Payoffs in Horizontal Teams with Complementary Tasks

prosociality of both members is equal, and thus the payoffs of both members are also equal.

We can see from Figure 3 that, in the case where effort costs are high (c = 2), social interaction enhances the

material payoffs of more prosocial members by reducing their own effort and increasing their common rewards,

but lowers their psychological payoffs due to the negative direct effect of decreased prosociality. On the other

hand, for members with lower prosociality, social interaction increases rewards but decreases their material

payoffs due to increased effort on their part and decreased effort from other members, while increasing their

psychological payoffs due to the positive direct effect of increased prosociality. However, in the case where

effort costs are low (c = 1), there exists a region where social interaction can improve both material and

psychological payoffs for both types of members. Furthermore, as social interaction enhances team performance

in complementary tasks, it can increase the manager’s profits. Thus, it shows that social interaction can lead

to Pareto improvement, benefiting all members of the organization.

Figure 4 illustrates the payoffs for team members performing substitutable tasks, where social interaction

reduces team performance and member rewards. Due to the strategic substitutability of their efforts, social

interaction can lead to a more prosocial member free-riding on the increased efforts of a less prosocial member.

As a result, while the rewards decrease, the more prosocial member’s material payoffs improve. However, their

psychological payoffs decrease due to the decrease in prosociality. On the other hand, a less prosocial member

increase their effort through social interaction, which always reduces their material payoffs. When effort cost

is high (c = 2), the free-riding effect induced by social interaction is not as significant, resulting in an increase

in team prosociality and an improvement in their psychological payoffs. However, when the effort cost is low

(c = 1), the diminishing effect of rewards through social interaction becomes stronger, potentially leading to a

decrease in psychological payoffs for both members involved.9

Proposition 3. Social interaction can increase psychological payoffs for both members of complementary task

teams with low effort costs, but decrease payoffs for substitutable task teams with low effort costs. With high

effort costs, social interaction reduces the psychological payoffs of a more prosocial member and increases that

9In the case of c = 1 in Figure 4, the psychological payoffs of both players become exactly equal for all λ. This is due to the fact
that with a1 = 1 and a2 = 0, player 1’s material payoff happens to be 0 and player 2’s material payoff happens to be 1 when λ = 0,
resulting in their psychological payoffs being equal as well. As a result, the psychological payoffs of both players move in the same
direction in response to changes in λ.
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Figure 4: Material/Psychological Payoffs in Horizontal Teams with Substitutable Tasks

of a less prosocial member, regardless of task type.

Proposition 3 indicates that social interaction can enhance the payoff of all team members performing

complementary task while it may decrease the payoff of all team members performing substitutable tasks.

However, in our model, it is the responsibility of the manager to determine the level of social interaction to be

employed. In the next subsection, we will examine the optimal social interaction determined by the manager

and shed light on the relationship between their decision and the characteristics of the organization or team.

4.2 Manager’s Choice on Social Interaction

The manager determines the level of λ ∈ [0, 1] to maximize their own payoffs. As in Proposition 2, in the case

of substitutable tasks, social interaction always decreases team performance, so the manager will choose λ = 0.

Therefore, in the following analysis, we will focus on the case of complementary tasks with β > 0.

The optimal level of social interaction in horizontal teams, λH , is obtained by the first-order condition

(1− α)γ
dGH

dλ
− ω′(λH) = 0.

Given that GH > 0 when λ = 0, dGH/dλ > 0, ω′ > 0, ω′′ > 0, ω(0) = 0 and ω(1) = ∞, we necessarily have an

interior solution for λH ∈ (0, 1).

Firstly, we can immediately confirm that λH is decreasing with respect to the marginal cost of social in-

teraction ω′ (or with respect to parameter h in (9)), implying that the manager will be reluctant to engage in

social interaction when it is costly. By applying specific cost function for social interaction (9), Figure 5 depict

the manager’s payoffs as a function of the level of social interaction. From the figure, we can find the optimal

social interaction for complementary tasks for small effort cost (c = 1) in the left panel and for large effort cost

(c = 2) in the right panel. When the difference in team prosociality among members is significant (the solid

curve: a1 = 1.0 and a2 = 0), the optimal level of social interaction becomes λH = .76 for the case with small

effort costs and λH = .41 for the case with large effort costs. We can also observe that when the gap in intrinsic

prosociality among teammates is smaller and the effort costs are greater, the manager opts for lower levels of

social interaction.
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Figure 5: Optimal Social Interaction for Horizontal Teams with Complementary Tasks
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Figure 6: The Effect of Effort Cost and Labor Share on Optimal Social Interaction

Figure 6 illustrates the relationship between the optimal social interaction and the effort cost in the left

panel, and the labor share in the right panel. When the complementary task performed by the team requires

more effort from its members, the complementary effect, i.e., synergy effect, of the members’ efforts decreases.

Therefore, the manager selects a lower level of social interaction. Furthermore, when the labor share is low,

increasing the share leads to an increase in team members’ effort. In this case, the manager aims to leverage

the synergy effect by encouraging more social interaction. However, under excessively high labor share, the

manager’s own share of the rewards diminishes, leading to a decrease in the incentive to bear the cost of

social interaction. Thus, the optimal social interaction level with respect to the labor share follows an inverted

U-shaped relationship. These observations are summarized as the following proposition.

Proposition 4. A manager supervising teams performing complementary tasks engages in positive social in-

teraction, whereas a manager supervising a team performing substitutable tasks does not. The optimal social

interaction towards teams performing complementary tasks increases with a larger difference in prosociality

among members, a smaller cost of social interaction, and a smaller effort cost for the task. Furthermore, the

relationship between optimal social interaction and the labor share follows an inverted-U shape.

In summary, our Propositions 1 through 4 provide not only positive answers on how social interaction affects
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horizontal teams with tasks of different natures and who benefits from them, but also normative answers on

how much social interaction should be conducted for teams with tasks of different natures.

5 Social Interaction in Vertical Teams

In the previous section, we examined the effects of social interaction in horizontal teams where there is no

specific hierarchy among team members. Next, our focus is on examining the effects of social interaction in

vertical teams consisting of a leader and a follower. This analysis will enable us to examine the effects of social

interaction based on the type of prosocial gap between the leader and the follower.

In this section, we use the notation of members L and F (where L denotes the leader and F denotes the

follower) instead of Members 1 and 2, to refer to the two members that constitute a team. All the expressions

previously presented with i ∈ {1, 2} are replaced with i ∈ {L,F} as indicated in the preceding section.

As is commonly observed in leaders of real-world organizations and teams, they are believed to possess

the authority to commit their own workload, the ability to motivate followers through their actions, and an

information advantage in predicting follower responses. Therefore, in our analysis of vertical teams, we consider a

Stackelberg-type team production in which the leader commits their effort first while anticipating the responses

of the subsequent follower. Similar to the previous section, in Stage 1, the manager decides on the social

interaction level within the teams (specifically, between the leader and the follower) to maximize their own

payoff. In Stage 2, a two-stage Stackelberg-type team production is played between the leader and the follower.

5.1 Team Production in Stage 2

First, we derive 2nd-stage equilibrium. The reaction function of the Stackelberg follower F is given by replacing

the variable subscript i in (10) with F and, specifically, RF (gL, φF ) as in (12). Then, the utility maximization

of the leader L is given by maxgL uL(gL, RF (gL, φF )), which yields the following first-order condition:

∂uL (gL, RF (gL))

∂gL
=

[

α

2
γ(1 + φL)

∂G

∂gL
− C ′(gL)

]

+
∂RF

∂gL

[

α

2
γ(1 + φL)

∂G

∂gF
− φLC

′(gF )

]

(24)

=

[

α

2
γ(1 + φL)

∂G

∂gL
− C ′(gL)

]

+
∂RF

∂gL

α

2
γ
∂G

∂gF
(1− φLφF ) = 0 (25)

When evaluating in (25) at gL = gHi , then the terms in the first square bracket become zero from the first-order

conditions for horizontal teams (10). Therefore, we have

∂uL

∂gL

∣

∣

∣

∣

gLi=gH
i

=
∂RF

∂gL

α

2
γ
∂G

∂gF
(1− φLφF ),

where gLi represents the effort level of Member i when the member is a leader in the team. If ∂RF /∂gL > 0

(i.e., β > 0), then the sign of the above becomes positive, indicating gVLi > gHi . If ∂RF /∂gL < 0 (i.e, β < 0),

then the sign of the above becomes negative, indicating gVLi < gHi . Due to the strategic complementarity or

substitutability, we have gVFi > gHi for both ∂RF /∂gL > 0 and ∂RF /∂gL < 0. That is, for complementary tasks,

both leaders and followers in a vertical team will exert more effort than they would in a horizontal team with

the same members. For substitutable tasks, leaders will exert less effort and followers will exert more effort in

a vertical team than they would in a horizontal team with the same members. These are summarized as the

following lemma:

Lemma 1. For β > 0, gVLi > gHi and gVFi > gHi hold. For β < 0, gVLi < gHi and gVFi > gHi hold.
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Specifying the team production functional as (1), we have

gVL =
αγ [4c(1 + φL) + αβγ[2 + φL(1− φF )](1 + φF )]

Θ
(26)

gVF =
αγξL(1 + φF )

Θ
, (27)

where Θ ≡ 16c2−α2β2γ2[2+φL(1−φF )](1+φF ) > 0 from the following assumption, ξL ≡ 4c+αβγ(1+φL) > 0

from Assumption 1, and the superscript V denotes equilibrium variable at Stage 2 in vertical teams. To avoid

corner solutions, we assume the following:

Assumption 2.

4c− α|β|γ
√

2 + φL(1− φF )
√

1 + φF > 0 (28)

Assumption 2 imposes stricter conditions compared to Assumption 1, which was assumed in the case of a

homogeneous team. This is because in addition to the asymmetry of prosociality among team members, there

is now an asymmetry based on their roles (leader or follower). Moreover, as can be seen from (26), in the case

of substitutable tasks, it is more likely that the leader’s effort will become zero, i.e., they becomes a complete

free rider.

Comparing gVL with gVF , we obtain

gVL − gVF =
αγ [4c(φ1 − φ2) + αβγ(1 + φ2)(1− φ1φ2)]

Θ
. (29)

First, when φ1 = φ2, we have gVL > gVF for β > 0 and gVL < gVF for β < 0, implying that, in complementary

(substitutable) tasks, the leader contributes greater (smaller) effort compared to the follower, and this difference

becomes larger as the absolute value of β increases.

We denote team performance, material and psychological payoffs for each member i ∈ {L,F} at Stage 2 as

GV , πV
i , and uV

i , respectively. First, we examine the impact of λ on gVL . Through the derivation as described

in Section S2 of the Supplementary Material, we obtain the following result.

dgVL
dλ

= −
α
2
γ

SOCL

φ′
Lζ

V
L , (30)

where

ζVL ≡
∂G

∂gL
−

∂RF

∂gL

∂G

∂gF

2 + φF − 2φLφF + φ2
F

1 + φF

, (31)

and SOCL < 0 is the second derivative of the objective function for Member L.

We immediately find that if β < 0, then (31) is positive, and thus, (30) has the same sign as φ′
L, implying that

social interaction reduces effort from the leader when φL > φF , and increases it when φL < φF . In the case of

complementary tasks with β > 0, ∂RF /∂gL > 0, implying that when there is strong strategic complementarity

(i.e., ∂RF /∂gL is large) or high marginal productivity of the follower (i.e., when the leader’s effort is relatively

large), ζVL may be negative. In such a case, (30) has the opposite sign as φ′
L, indicating that social interaction

increases the leader’s effort when the leader is more prosocial than the follower, but decreases it when the

opposite is true. If ζVL > 0, then social interaction reduces the leader’s effort when the leader is more prosocial

than the follower, as is the case with substitutable tasks.
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The effect of social interaction on follower’s effort gVF = RF (g
V
L , φF ) is

dgVF
dλ

=
dgL
dλ

·
∂RF

∂gL
+

∂RF

∂φF

φ′
F =

dgL
dλ

∂RF

∂gL
−

∂RF

∂gL

∂G

∂gF

φ′
L

β(1 + φF )

=
∂RF

∂gL

[

dgVL
dλ

−
∂G

∂gF

φ′
L

β(1 + φF )

]

. (32)

The sign of (32) depends on the task type, the sign of dgVL /dλ, and the type of leadership (i.e., prosocial

leadership or followership). The first term in parentheses represents the strategic effect of social interaction on

how followers respond to changes in a leader’s effort, while the second term represents the direct effect of social

interaction on altering followers’ prosociality.

In the case of complementary task with β > 0, if ζVL < 0, then both terms become positive for prosocial

leadership case and negative for prosocial followership case, implying that social interaction raises the efforts

of both leaders and followers under prosocial leadership, while it decreases them under prosocial followership.

However, if ζVL > 0, although the two terms have opposite signs, the direct effect of the second term dominates

the strategic effect of the first term, causing social interaction to reduce the effort of initially more prosocial

member and increase the effort of initially less prosocial member. In the case of substitutable task with β < 0,

the two terms have opposite signs, the direct effect dominates the strategic effect, also causing social interaction

to reduce the effort of initially more prosocial member and increase the effort of initially less prosocial member.

Now we have the following proposition.

Proposition 5. In vertical teams with complementary tasks, if ζVL < 0, then social interaction between more

prosocial leader and less prosocial follower increases efforts for both members, and that between less prosocial

leader and more prosocial follower reduces efforts for both members. Otherwise, social interaction decreases

effort for initially more prosocial member and increases effort for the initially less prosocial member. In vertical

teams with substitutable tasks, social interaction always reduces effort for the initially more prosocial member

and increases effort for the initially less prosocial member.

Intuitively, in the case of complementary tasks, the condition ζVL < 0 is more likely to hold when ∂RF /∂gL
is large (i.e., when followers respond strongly positively to the leader’s effort) or when the followers’ marginal

product, ∂G/∂gF , is high (i.e., when the leader’s effort level is high). This corresponds to cases with larger

β or smaller c, as confirmed in Section S3 in Supplementary Materials. In that case, in teams performing

complementary tasks led by more prosocial leaders, social interaction enhances everyone’s effort, while in teams

supported by more prosocial followers, social interaction decreases everyone’s effort.

Figure 7 depicts the equilibrium efforts by a leader and a follower in vertical teams performing complementary

tasks in various situations. Firstly, in all four panels, it can be observed that in the case of maximal reciprocity

where the level of prosociality among members is equal (i.e., when λ = 1), as shown in (29), the leader’s effort

gVL is greater than the follower’s one gVF , reflecting the difference in position.

In the case of complementary tasks with strategic complementarity, the effect of social interaction varies

greatly depending on which member, leader or follower, has higher prosociality. When the leader’s prosociality

level surpasses that of the follower (which we hereafter call it as the “prosocial leadership” case), the leader can

make the decision with expecting that the interaction with the follower will lead to an increase in the follower’s

prosociality level, influenced by the leader’s high prosociality, which will prompt the follower to exert more

effort. When effort costs are low (or equivalently ζVL < 0), this positive complementary effect is stronger than

the negative effect of the leader’s decreased prosociality, and thus, social interaction is likely to increase the

effort of both members. Such situation is depicted by the leftmost panel of Figure 7.

However, when the follower’s prosociality is higher than the leader’s (which we hereafter call it as the

“prosocial followership” case), social interaction reduces follower prosociality, and the leader may make decisions

anticipating a decrease in follower effort, potentially having a negative incentive effect that reduces the leader’s

own effort, despite the positive effect of increased prosociality. When effort costs are low (or ζVL < 0), this
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Figure 7: Equilibrium Efforts in Vertical Teams Performing Complementary Tasks

negative effect is stronger, and social interaction may decrease the effort of both the leader and follower. Such

situation is depicted by the panel second from the right of Figure 7.

In the case of substitutable tasks with strategic substitutability of effort, social interaction equalizes member

prosociality, which results in an increase in effort from the less prosocial member and a decrease in effort from

the more prosocial member. This is consistent with the results of horizontal teams performing substitutable

tasks. Figure S1 in Supplementary Materials provides the numerical simulations for substitutable task case.

Next, we investigate the effect of social interaction on team performance at the 2nd-stage equilibrium. We

have the derivative of GV ≡ G(gVL , gVF ;β) with respect to λ as follows:

∂GV

∂λ
=

∂G

∂gL

∂gVL
∂λ

+
∂G

∂gF

∂gVF
∂λ

. (33)

In the case of complementary tasks, if φL > φF and ζVL < 0, then both dgVL /dλ and dgVF /dλ are positive, which

unambiguously implies that dGV /dλ > 0. Even if ζVL > 0, the negative effect of the leader’s effort reduction on

team performance (that is represented by the first term) is lower that the positive effect of the follower’s effort

increase (that is represented by the second term) because, as the leader’s effort significantly exceeds that of the

follower when φL > φF , the marginal productivity of the leader’s effort (∂G/∂gL) is much smaller than that of

the follower’s effort (∂G/∂gF ).

On the other hand, if φL < φF and ζVL < 0, then both dgVL /dλ and dgVF /dλ are negative, leading to

dGV /dλ < 0, and even if ζVL > 0, there exists a unilateral negative strategic effect where the leader reduces

their own effort, anticipating the decrease in follower’s prosociality caused by social interaction. Thus, in the

case of complementary tasks, it holds that dGV /dλ > 0 if φL > φF , and dGV /dλ < 0 if φL < φF .

In the case of substitutable tasks, the sign of dGV /dλ is somewhat ambiguous and depends on the magnitudes

of φL, φF , and the strategic effects. Nonetheless, the following tendencies can be identified: when φL > φF ,

a leader’s negative strategic effect, anticipating an increase in follower prosociality through social interaction,

results in dGV /dλ < 0. On the other hand, when φL < φF , the strategic effect is positive, but reducing the

prosociality and efforts of the follower, who exerts significant effort due to their position and large prosociality,

would lead to a significant decline in team performance, resulting in dGV /dλ < 0.
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Figure 8: Social Interaction on Team Performance: prosocial leadership vs. prosocial followership

In what follows, we verify the above discussion by specifying the team production function as (1) and the

prosociality function as (7). We derive the derivative ofGV with respect to λ by evaluating it at {aL, aF } = {1, 0}

and {aL, aF } = {0, 1}, respectively. In this case, we have

dGV

dλ

∣

∣

∣

∣

{aL,aF }={1,0}
=

4cα2γ2

[

4c+ 7αβγ ·
16c2 − α2β2γ2

48c2 − α2β2γ2

]

Θ3(1 + λ)2
· β, (34)

dGV

dλ

∣

∣

∣

∣

{aL,aF }={0,1}
= −

cα3β2γ3 [Θ + 4c(10c+ αβγ)]

Θ3(1 + λ)2
. (35)

When β > 0, the sign of (34) is positive, indicating that social interaction enhances team performance for

complementary tasks under prosocial leadership. However, the sign of (35) is negative, indicating that social

interaction reduces team performance for complementary tasks under prosocial followership. In contrast, when

β < 0, both (34) and (35) have negative signs, suggesting that social interaction impairs team performance

for substitutable tasks, regardless of whether the team is under prosocial leadership or prosocial followership.10

Figure 8 depict the simulation results, indicating that social interaction enhances team performance only for

the teams performing complementary tasks with prosocial leadership.

Proposition 6. Consider two members who have {a1, a2} = {1, 0}. In vertical teams performing complementary

tasks, social interaction improves team performance if it involves a more prosocial leader and a less prosocial

follower, but it lowers team performance if it involves a less prosocial leader and a more prosocial followers. In

vertical teams performing substitutable tasks, social interaction lowers team performance.

In a horizontal team, social interaction enhances team performance for complementary tasks but diminishes

it for substitutable tasks. In contrast, the boundary condition for whether social interaction enhances team

10When β < 0, the sign of the parentheses in the numerator of (34) is obviously positive if c is large, since the first term
becomes larger and the second germ becomes smaller. When c takes the minimum value that satisfies Assumption 2, that is, when
16c2 = 3α2β2γ2, the expression inside the parentheses reduces to 2α2β2γ2(16c+ 7αβγ), which is confirmed to be positive because
2c+ αβγ = ξL|aL=1,aF=0 > 0.
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Figure 9: Psychological Payoffs in Vertical Teams with Complementary Tasks

performance in vertical teams performing complementary tasks is whether the team is led by a relatively high-

prosociality leader: social interaction only enhances performance for complementary tasks led by a leader with

higher team prosociality than its follower. In vertical team performing complementary tasks, when both have

same team prosociality, the leader will put in more effort than the follower. If the leader’s prosociality is higher

than that of the follower, this tendency becomes stronger, indicating that the follower’ lack of effort becomes a

serious bottleneck in their task accomplishment. In such a situation, social interaction brings about a change

in effort to alleviate the serious bottleneck.

On the other hand, in teams supported by the follower with higher prosociality than their leader, social

interaction exacerbates the bottleneck problem by lowering the prosociality of the follower who is already the

bottleneck, leading to a more serious problem. Therefore, in the case of prosocial followership, social interaction

lowers team performance. In addition, for vertical teams performing substitutable tasks, similar to the results

of horizontal teams, the disparity in prosociality between members has a positive impact on team performance,

and social interaction lowers team performance by reducing the difference in effort between members.

In summary, for vertical teams with a hierarchical structure, social interaction can improve performance

by resolving the bottleneck of followers’ lack of effort in complementary tasks only when the teams are led by

a more prosocial leader. This interesting result aligns with the discussion on transformational (inspirational)

leadership in a series of literature (e.g., Burns, 1978; Bass, 1990; Avolio, 1999; Bass and Riggio, 2006; among

many others).

Next, we examine the impact of social interaction on the payoffs of members in vertical teams. As Proposition

6 confirms, in the case of substitutable tasks, social interaction will lower team performance, leading the manager

to choose λ = 0. Therefore, we provide the numerical results of the influence of social interaction on the payoffs

of each member, particularly the psychological payoffs, in vertical teams performing complementary tasks.

Figure 9 illustrates the impact of social interaction on psychological payoffs of members in vertical teams

performing complementary tasks. Panel A shows the prosocial leadership case, and panel B shows the prosocial

followership case. In all four plots, in the case of maximal reciprocity where λ = 1, the leader and follower are

symmetric in all aspects except for their roles, which leads to a higher psychological payoff for the follower than

23



the leader, reflecting second-mover advantages.11

Unlike the case of horizontal teams, social interaction can improve the payoff of all team members only when

effort costs are small (or effort complementarity is strong) enough to satisfy ζVL < 0 and when the team is led

by a relatively prosocial leader. In the case of high effort costs, as with horizontal teams, social interaction

lowers the psychological payoff of an initially more prosocial member and raises that of an initially less prosocial

member.

As one may notice from the figure, social interaction may lower the payoffs of both leader and follower in the

prosocial followership case, but their payoffs are at a higher “level” than those in the prosocial leadership case.

If managers are able to observe employee prosociality levels and use them to organize teams, this has important

implications for team formation, which we will discuss in detail in Section 7.1.

5.2 Manager’s Choice of Social Interaction in Stage 1

As in the analysis of horizontal teams, the manager determines the level of λ ∈ [0, 1] to maximize their own

payoffs. The first order condition is given by (1− α)
dGV

dλ
− ω′(λ) = 0. With ω(0) = 0 and ω(1) = ∞, we have

an interior solution for λV ∈ (0, 1) as long as dGV /dλ > 0.

Firstly, we find, from Proposition 6, that a manager will choose positive social interaction for vertical teams

only when they perform complementary tasks and are led by a more prosocial leader. Thus, the following

proposition is immediate.

Proposition 7. A manager supervising vertical teams performing complementary tasks engages in social in-

teraction if the teams composed of a more prosocial leader and a less prosocial follower, but does not engage in

social interaction if the teams composed of a less prosocial leader and a more prosocial follower. For vertical

teams performing substitutable tasks, a manager does not engage in social interaction.

To compare the optimal level of social interaction for a team with prosocial leadership performing comple-

mentary tasks with the optimal level for a horizontal team consisting of the same members, we hereby present

(33) again:
dGV

dλ
=

dgVL
dλ

dGV

dgL
+

dgVF
dλ

dGV

dgF
.

When β > 0, even if φL = φF , gVL > gVF holds true, which leads to dGV /dgF > dGV /dgL. Therefore,

in the case of prosocial leadership with φL > φF , gVL becomes even larger than gVF , further enhancing the

effect of dGV /dgF > dGV /dgL. Consequently, dGV /dλ is larger than dGH/dλ, implying that, in the case of

complementary tasks, all else being equal, the optimal level of social interaction for a vertical teams led by a

more prosocial leader is higher than the optimal level of social interaction for a horizontal team composed of

the same members.

Proposition 8. Consider a team performing complementary tasks consisting of two members with different

levels of initial prosociality. The optimal level of social interaction for a vertical team with the more prosocial

member as leader is higher than the optimal level for a horizontal team.

Social interaction plays a significant role in the performance of complementary tasks led by highly prosocial

leaders. Since gVLi > gHi and gVFj > gHj hold, vertical teams outperform horizontal teams in complementary tasks,

leading to greater payoffs for the manager.12 In addition, in vertical teams with a more prosocial leader, social

interaction has a positive effect on both narrowing the prosociality gaps between the leader and the follower,

11If the leader and the follower have equal prosociality, in complementary tasks, the less effortful follower enjoys a higher
psychological payoff than the more effortful leader due to the second-mover advantage, while in substitutable tasks, the less effortful
leader enjoys a higher psychological payoff than the more effortful follower due to the first-mover advantage (Gal-Or, 1985; Bulow
et al., 1985).

12Bose et al. (2010) and Hattori and Yamada (2020) also show that vertical teams have higher performance than horizontal teams
in models of complementary effort in team production.
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Figure 10: Optimal Social Interaction for Vertical Teams with Complementary Tasks

thereby generating more synergy, and improving the insufficient effort of the follower that can be a bottleneck

for the team. Therefore, it is optimal for the manager to choose higher levels of social interaction.

By applying specific cost function for social interaction (7), we numerically obtain the optimal level of social

interaction for vertical teams performing complementary tasks with initial prosociality level {aL, aF } = {1, 0}.

Using the same parameter set as the horizontal team case analyzed in Section 4.2, we obtain λV = .97 for the

case with low effort cost (c = 1) and λV = .49 for the case with high effort cost (c = 2). These values exceed

the optimal social interaction λH = .76 for c = 1 and λH = .41 for c = 2, respectively, that the same members

would have had if they were hypothetically formed into horizontal teams, as illustrated in Figure 5. This implies

that, all other things equal, a manager should invest in promoting social interaction within a team performing

complementary tasks under prosocial leadership.

6 Discussion

In this section, we will discuss our qualitative findings obtained so far regarding (i) who should promote and

pay for social interaction in teams, (ii) how long a team should continue with the same members, and (iii) how

our results relate to team psychological safety in organizations.

6.1 Voluntary Social Interaction among Members

In the main body, we assumed that upper management (the manager) outside the team introduces social inter-

action within the team and bears its cost. However, as shown in Figures 3 and 9, in the case of complementary

tasks, there exists a range of λ for which social interaction improves the psychological payoffs of all members

for both horizontal teams and vertical teams with prosocial leadership. That is, in that cases, social interaction

may be promoted voluntarily by the members themselves at their own expense. On the other hand, in the case

of substitutable tasks, social interaction cannot improve the psychological payoff of all members, so they will

not voluntarily interact socially within the team. Our results offer an explanation for the circumstances under

which members will voluntarily engage in social interaction, based on the task and team conditions.
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6.2 Optimal Duration of Teams

Our findings also suggest that the optimal duration of a team depends on the nature of the tasks and the team

structure. In the main body, we considered short-term investments to promote social interaction within the

team. However, it is natural to assume that as the same team members continue to work together over a long

period, they will gradually influence each other, and λ will increase from 0 to 1 over time. For horizontal teams

performing complementary tasks, a long-term team is desirable because members gradually influence each other

through work, and this reduces prosociality disparities, which has a positive effect on resolving task bottlenecks.

On the other hand, in the case of substitutable tasks, a long-term team would reduce the prosociality of highly

prosocial members, which is important for team performance.

In vertical teams, in the case of complementary tasks, a short-term team is desirable if led by a low-

prosociality, self-centered leader, to avoid decreasing follower prosociality due to peer effects. On the other

hand, in the case of a highly prosocial leader, a long-term team is desirable to allow their high prosociality

to permeate the follower. For substitutable tasks, as shown later in Section 7.1, vertical teams are either not

desirable or, if so, social interaction will always reduce team performance.

6.3 Psychological Safety in Organization

Our findings may also shed light on the significant concept of “psychological safety” in contemporary work-

places, and offer one explanation for why psychologically safe organizations may lead to higher performance.

Psychological safety refers to the belief that the workplace is safe for interpersonal risk taking (Kahn, 1990;

Edmondson, 1999).13 Under a psychologically safe organizational or team culture, individuals with different

levels of prosociality will be able to express their opinions and ideas without hesitation. The ease of commu-

nication and its high frequency will promote the propagation of prosociality among team members. In other

words, psychologically safe teams are likely to be more susceptible to the influence of others’ prosociality, both

positively and negatively, than teams that are not psychologically safe.

There have been numerous studies on the impact of psychological safety on job performance. Gu et al. (2013)

found that effective social interaction, through trust and mutual understanding among team members, fosters

innovation in R&D teams by mediating psychological safety. Carmeli et al. (2010) found through a survey

that inclusive leadership enhances psychological safety, and psychological safety promotes employees’ creative

participation. Given that innovative tasks requiring creativity demand complementary efforts, as classified by

Rahmani et al. (2018), our results suggest that a psychologically safe environment could reduce team prosociality

gaps and potentially lead to the success of creative tasks. In particular, for complementary tasks where there

is a synergy effect between members’ efforts, a psychologically safe team environment is predicted to enhance

performance by contributing to the resolution of task bottlenecks in horizontal teams or vertical teams led by

prosocial leaders.

7 Extensions

In this section, we extend the basic model in three directions. First, we analyze the team design that a manager

would employ when they are able to determine the team’s structure (horizontal or vertical) and assign roles to

its members (leader or follower). Second, we analyze how a team is designed when team members can determine

the team structure by themselves. Third, applying a simple repeated-game framework, we investigate how social

interaction affects the sustainability of cooperation among team members.

7.1 Optimal Team Structure

Here, we consider the optimal team structure that a manager should select, assuming they can hypothetically

have the ability to choose not only the level of social interaction but also the team’s structure, whether it is

13For more on psychological safety, see Edmondson (1999, 2003), and Franzier et al. (2017) for meta-analysis.
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Figure 11: Comparison of Team Performance for Substitutable Tasks

horizontal or vertical, and who should lead.

Naturally, from the manager’s perspective, it is desirable to have a team structure that maximizes team

performance. Therefore, we first investigate how the desirable team structure, whether horizontal or vertical,

depends on the type of task.

From Lemma 1, we immediately find that, in the case of complementary tasks with β > 0, GV > GH

necessarily holds. Hence, regardless of the distribution of initial prosociality among team members, the manager

should form vertical teams to perform complementary tasks. Then the next issue to consider is whether to select

a more or less prosocial member as the team leader. In a vertical team, when prosociality levels are equal, the

leader tends to exert more effort, which implies that the follower’s lack of effort becomes a bottleneck for the

task. Hence, we can easily confirm that assigning the more prosocial member to the follower position instead of

the leader can lead to higher team performance. Figure S3 in Supplementary Materials illustrates the numerical

results. The key point is that in prosocial followership, team performance is high, but social interaction lowers

it, while in prosocial leadership, performance is lower but social interaction can boost it. Therefore, if the

manager can establish an optimal team formation, social interaction is not required.

In the case of substitutable tasks with β < 0, gVL1 < gH1 and gVF2 > gV2 hold, and thus the relative magnitudes

of GH and GV cannot be uniquely determined. Since the efforts are strategic substitutes, the team performance

of vertical teams may lower than that of horizontal teams by strategic effect. However, team performance

increases as the difference in effort levels among team members becomes greater. Therefore, by placing a more

prosocial member in follower’s position where effort levels tend to be higher in vertical teams, it may be possible

for vertical teams to surpass the team performance that would have been achieved if the same members had

formed a horizontal team.

In support of this properties, Figure 11 presents two panels that plot the difference in team performance

achieved by vertical and horizontal teams performing substitutable tasks (i.e., GV −GH) as a function of social

interaction. When effort costs are low, in prosocial followership teams, there exists a situation where the leader

becomes a complete free-rider (the gray area in the figure), causing the prosocial followers to contribute all effort,

resulting in higher team performance than horizontal teams with the same members due to this specialization.

A leadership style in which a leader exerts little effort and instead motivates their more prosocial followers to

put in more effort corresponds to what Rahmani et al. (2018) call “directive” team leadership. Our results

indicate that this directive leadership style is desirable for a team when there is high substitutability of effort,

as well as strong strategic effects. In contrast, when effort costs are high, neither leadership style can match the
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team performance of horizontal teams.

To summarize the discussion here, if a manager can design the optimal team, then for complementary tasks,

it is best to form a vertical team with prosocial followership by placing highly-prosocial members in follower

roles. For substitutable tasks, when effort costs are low, it is optimal to form a vertical team with prosocial

followership and when effort costs are high, it is optimal to form a horizontal team. Furthermore, if optimal

team design is feasible, promoting social interaction within the team is unnecessary.

7.2 Endogenous Leadership

In our baseline model, we analyzed a situation in which the team structure, whether horizontal or vertical, is

exogenously given to team members. Here, we employ the endogenous timing game developed by Hamilton

and Slutsky (1990) to investigate the team structure that is most plausible when team members voluntarily

determine both the team structure and their roles.

Following Hamilton and Slutsky (1990), we consider the situation in which members noncooperatively and

simultaneously choose their preferred role, moving early (Lead) or moving late (Follow) in the team production

stage. If both members choose Lead or Follow, a simultaneous-move horizontal team production will take place.

If one member chooses Lead and the other chooses Follow, a Stackelberg vertical team production will take

place. The table represents the normal-form representation of the timing game.

First, we consider the case where the members are symmetric with φi = φj = φ̄, which also corresponds to

the case of maximal reciprocity (λ = 1). In this case, we have

uV
Li − uH

i

∣

∣

∣

φi=φj=φ̄
=

cα4γ4
(

1− φ̄
)2 (

1 + φ̄
)4

[

4c− αβγ
(

1 + φ̄
)]2

Θ
· β2 > 0, (36)

uV
Fi − uH

i

∣

∣

∣

φi=φj=φ̄
=

2cα3γ3
(

1− φ̄
)2 (

1 + φ̄
)3 [

4c− αβγ
(

1 + φ̄
)

Γ

2Θ

]

[

4c− αβγ
(

1 + φ̄
)]2

Θ
· β ⋛ 0, (37)

Since Γ

2Θ
< 1, we have uV

Fi
> uH

i for β > 0 and uV
Fi

< uH
i for β < 0. Therefore, we find from (36) that, when

members have equal prosociality, their optimal responses are to choose Lead in response to the opponent’s

Follow, regardless of the nature of the task. In addition, according to equation (37), their optimal responses are

to choose Follow for complementary tasks, and to choose Lead for substitutable tasks. Therefore, in the case

of complementary tasks, two Nash equilibria can emerge, wherein one member takes on the role of leader, and

the other becomes the follower, resulting in the formation of a vertical team. In contrast, there exists a unique

Nash equilibrium for substitutable tasks where both members prefer to choose Lead, leading to the formation

of a horizontal team.

Let us next consider a situation where the prosociality levels of team members are asymmetric with {a1, a2} =

{1, 0}, i.e., Member 1 is more prosocial than Member 2. Figure 13 shows the psychological payoffs, uH
i , uV

Li,

and uV
Fi of Members 1 and 2 in a horizontal team, and as a leader and a follower in a vertical team, respectively.
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Figure 13: Psychological Payoffs and Social Interaction when {a1, a2} = {1, 0}

In complementary task cases, uV
F1 > uV

L1 > uH
1 holds irrespective of their effort cost, implying that a

more prosocial member (Member 1) favors followership. However, a less prosocial member (Member 2) prefers

leadership when λ is small (i.e., with a large prosociality gap), as depicted by the gray area in panel (i). In these

regions, a vertical team with prosocial followership is the unique Nash equilibrium for the endogenous timing

game. In other regions, both members prefer followership for second-mover advantages, resulting in two Nash

equilibria forming vertical teams: {1, 2} = {Lead, Follow}, {Follow, Lead}.

Next, using Harsanyi and Selten’s (1988) risk-dominant criterion, we select one Nash equilibrium from these

two equilibria. The equilibrium where Member 1 chooses to be the leader and Member 2 chooses to be the

follower is risk-dominant if it has a larger product of deviation losses, i.e., if

Ω ≡ (uV
L1 − uH

1 )(uV
F2 − uH

2 )− (uV
F1 − uH

1 )(uV
L2 − uH

2 ) > 0, (38)

and if Ω < 0, then the equilibrium where Member 2 becomes a the leader is risk-dominant Nash equilibrium.

In Section 7.1, we have demonstrated that in complement task teams, appointing a member with high

prosociality to a follower’s position achieves higher team performance than prosocial leadership cases. From the

fact, we expect that uV
L1+uV

F2 < uV
F1+uV

L2, which can also be verified from Figure 9. This implies that the second

term in (38) dominates the first term, and Ω < 0 holds. Consequently, a less prosocial Member 2 becoming

the leader is a risk-dominant equilibrium, representing the most desirable team structure for organizations,

as demonstrated in Section 7.1.14 Figure S4 in Supplementary Materials plots Ω as a function of the social

interaction level.

This result highlights the importance of social interaction in teams performing complementary tasks. If

team members can voluntarily organize efficient vertical teams with prosocial followership, social interaction is

14It is confirmed that Ω is always negative, regardless of the magnitude of c as long as Assumptions 1 and 2 are satisfied.
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unnecessary. Thus, social interaction compensates for situations with exogenously appointed prosocial leaders

or when horizontal teams form due to inadequate corporate culture and leadership selection.

For substitutable tasks with β < 0, as illustrated in parts (iii) and (iv) of Figure 13, both members prefer

the leader role and dislike the follower position the most (i.e., uV
Li > uH

i > uV
Fi holds for i ∈ {1, 2}).15 Thus, the

Nash equilibrium in this endogenous timing game is formed by both choosing to be a leader, resulting in the

formation of a horizontal team with simultaneous moves. As demonstrated in Section 7.1, when effort costs are

low, a vertical team with a more prosocial member serving as a follower can achieve higher team performance,

making the voluntarily formed horizontal team an inefficient outcome from the perspective of managers or the

organization.

7.3 Effect of Social Interaction on Long-term Team Cooperation

In our main analysis, we treated team production as an one-shot non-cooperative game without binding promises

or norms within the team. However, in a long-term situation where the team task is repeated by the same team

members, some kind of cooperative behavior within the team may occur.

In this last extension, we consider a simple infinitely repeated game of team production with grim-trigger

strategies and examine the impact of social interaction on the sustainability of cooperation. As before, the team

is composed of two members i ∈ {1, 2} with different levels of prosociality, and rewards determined only by team

performance are divided equally. We here assume that the one-shot team production is infinitely repeated with

perfect monitoring. Additionally, we assume that each team member has a chance for social interaction before

the first team production and that their prosociality remains constant throughout subsequent team productions.

We first derive the conditions for sustaining cooperation through the use of the grim-trigger strategies in

a horizontal team. In the case where both members non-cooperatively determine their effort, each Member

i receives a payoff of uH
i ≡ ui(g

H
i , gHj , φi), as analyzed in Section 4. On the other hand, if both members

cooperate, their effort levels are determined by maximizing the sum of their material payoffs:16

max
gi, gj

Π ≡ πi(gi, gj , φi) + πj(gi, gj , φj)

The first-order conditions are

∂Π

∂g1
= αγ

∂G

∂g1
− C ′(g1) = 0 and

∂Π

∂g2
= αγ

∂G

∂g2
− C ′(g2) = 0.

We denote the cooperative effort level of Member i as gHiC . The first-order conditions derived above imply

that gH1C = gH2C = gHC > gHi , which suggests that all members should exert the same level of effort, which

is greater than their non-cooperative level. We define Member i’s psychological payoffs in cooperation as

uH
iC ≡ ui(g

H
C , gHC , φi). If φ1 > φ2, then we have

(

uH
1C − uH

1

)

−
(

uH
2C − uH

2

)

=
[α

2
γ(GH

C −GH)− C(gHC )
]

+ (1− φ2)C(gH1 )− (1− φ1)C(gH2 ) > 0, (39)

which implies that the gains from cooperation is greater for a more prosocial member. This is because initially

less prosocial members are required to exert a greater increase in effort when cooperating compared to initially

more prosocial members (i.e., gH1 > gH2 implies (gHC − gH1 ) < (gHC − gH2 )).17

15In panel (iii) of Figure 13, both uV
F1 and uV

L2 exhibit noticeable kinks. This occurs because, when λ is small (prosociality gap is
still large) and effort costs are low, the less prosocial member (Member 2) becomes a complete free rider who contributes no effort
when taking the leader role.

16We consider a promise to maximize the sum of physical payoffs rather than the sum of psychological payoffs for the following
reasons. First, the total sum of psychological payoffs, which includes prosociality towards team members, can far exceed the total
sum of physical payoffs and is therefore unrealistic. Second, physical payoffs are more observable than prosociality and provide a
clear indicator when explicitly committing to cooperative effort. However, it is worth noting that even if we had conducted the
same analysis with the objective function of the total sum of psychological payoffs, the conclusion that social interaction enhances
the sustainability of cooperation would still hold.

17It should be noted that in cases where there is a large difference in prosociality between members, a less prosocial member may
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Now, we consider the sustainability of the above cooperation of {gH1C , g
H
2C} in an infinitely repeated game

with grim-trigger strategies. We assume that each member i maximizes its discounted stream of psychological

payoffs with discount factor δi. When both members cooperate, Member i obtain uH
iC . When unilaterally

deviating from the cooperation, Member i chooses the effort level

gHiD ≡ argmax
gi

ui(gi, g
H
C , φi),

where gHiD represents the effort level of Member i when he/she deviates. The corresponding deviation payoffs

are represented by uH
iD ≡ ui(g

H
iD, gHC , φi). We immediately find that if φ1 > φ2, then gHC > gH1D > gH2D holds.

If Member i deviates at period t, Member j will never cooperate and choose gHj after period t + 1. Thus, the

cooperation of {gH1C , g
H
2C} is sustainable (i.e., a subgame perfect Nash equilibrium) if the following incentive

compatibility constraint is satisfied for all i ∈ {1, 2}:

uH
iC

1− δi
≥ uH

iD +
δiu

H
i

1− δi
.

Thus, we find that Member i does not deviate from the cooperation if

δi ≥ δ̂i ≡
uH
iD − uH

iC

uH
iD − uH

i

.

where δ̂i represents the critical discount factor for Member i to favor adhering cooperation over one-time

deviation.

When the gain from cooperation is high, the critical discount factor becomes smaller. Assuming without

loss of generality that φ1 > φ2, if cooperation requires gH1C = gH2C as in (39), then Member 2 is required to

increase effort more when cooperating, which reduces their incentive to cooperate. On the other hand, because

gHC > gH1D > gH2D, Member 2 gains more from deviation from cooperation than Member 1, i.e., uH
2D − uH

2C >

uH
1D − uH

1C . Therefore, the less prosocial member requires a larger discount factor than more prosocial member

to sustain cooperation, i.e., δ̂2 > δ̂1 if φ1 > φ2.

Social interaction leads to the convergence of prosociality between members, so it holds that dδ̂1/dλ > 0

and dδ̂2/dλ < 0 for λ ∈ [0, 1) and δ̂1 = δ̂2 at λ = 1. If both members’ discount factors are equal social

interaction contributes to creating a team that is more likely to sustain cooperation. Importantly, this result

holds regardless of the type of task (complementary or substitutable), meaning that social interaction has a

positive effect on team performance by promoting cooperation among members even in substitutable tasks.

Figure 14 illustrates the relationship between the critical discount factor and social interaction for asymmetric

team members in complementary tasks (panel A) and substitutable tasks (panel B). The critical discount factor

of the more prosocial Member 1 (a1 = 1) is depicted by a solid line, while the critical discount factor of the

less prosocial Member 2 (a2 = 0) is represented by a dashed line. As seen from the figure, in both types of

tasks, δ̂1 < δ̂2 holds for λ ∈ [0, 1) and becomes equal at λ = 1.18 Social interaction plays a facilitative role in

promoting cooperative behavior in teams, by lowering the critical discount factor of less prosocial members who

hinder the continuation of cooperation.

In the case of a vertical team, as shown by Mouraviev and Rey (2011), the Stackelberg leader does not have

deviation incentives because the leader’s deviation is immediately punished by the follower in the period. That

is, leadership indeed facilitates team cooperation by making it easier to punish deviations by the leader. This

implies that social interaction within a vertical team enhances the sustainability of long-term cooperation it

effectively reduces the follower’s deviation incentive. In the case of prosocial leadership with φL > φF , social

even experience uH
iC −uH

i < 0. As we will see later, a less prosocial member may choose not to cooperate even when their discount
factor is 1.

18In the figure, λ = 0 represents the case where δ̂1 = 0, which means the deviation incentive is zero. This is because, even if
deviating from the cooperation, Member 1 would choose the cooperative solution if φ1 = 1.
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Figure 14: Critical Discount Factors for Sustaining Cooperation in Horizontal Teams

interaction increases the prosociality of the follower, which reduces the critical discount factor necessary for

the follower to sustain cooperation. Therefore, in prosocial leadership teams performing complementary tasks,

social interaction not only improves short-term non-cooperative team performance but also has a long-term

sustaining effect on cooperation. On the other hand, in prosocial leadership teams performing substitutable

tasks, social interaction does not have a short-term performance-enhancing effect, but it does have a long-term

sustaining effect on cooperation.

8 Concluding Remarks

Organizations are made up of people, and people influence each other. In particular, group consciousness

and altruistic emotions towards fellow members can sometimes become a powerful driving force behind the

organization. Within corporate organizations, interactions through work and other activities can inspire some

individuals through the high level of group consciousness of others, while demotivating others due to the low

consciousness of their peers. By incorporating such socially-driven interactions into team production theory, we

have revealed what constitutes the optimal social interaction for an organization.

We found that in horizontal teams without hierarchical structures, complementarity of effort is a necessary

condition for social interaction to enhance team performance and alleviate bottleneck problems associated with

task completion. Furthermore, in teams performing complementary tasks led by a more prosocial leader, social

interaction also serves to boost team performance. Conversely, teams led by a less prosocial leader may not

experience these benefits. Social interaction can exacerbate the free-riding problem and negatively impact team

performance in tasks where effort is substitutable. However, social interaction has the potential to induce

long-term cooperation among team members regardless of the type of task being performed.

Our results not only provide one answer to the practical question of how much employee interaction should be

encouraged in an organization, but also provide some answers to questions such as why some teams spontaneously

engage in social interaction within the team, how long the optimal team composition period should be, and how

ensuring psychological safety in the organization can enhance the performance of complementary task teams.

Our study has three main tasks remaining. The first task is to examine the degree to which our qualitative

results from theoretical analysis are supported by empirical or experimental evidence. This involves conducting

randomized controlled experiments with subjects and controlling the type of task and the amount of commu-

nication between team members. The second task is to consider the impact of social interaction between the

manager (principal) and team members (agents), including the effect of the manager’s altruism towards the

team and the influence of rewards determined by the manager on team member prosociality. Finally, our theory
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hypothesizes that social interaction reduces the prosociality gap between team members. However, in certain

environments, all team members’ prosociality may converge to the level of the most prosocial individual, while

in other environments, it may converge to the level of the least prosocial individual. For instance, Dimant

(2019) finds that antisocial behavior is more contagious than prosocial behavior among peers, suggesting that

social interaction may cause both members to converge towards the lower level of prosociality. Although this

may require some psychological research, it remains an important future research topic.
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Supplementally Materials

S1. Derivation for dGH/dλ

Using (16), the partial derivative of the second-stage equilibrium team performance GH = G(gH1 , gH2 ;β) with

regard to λ is given by
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where the final transformation is made using (11).

S2. Derivation for ζVL

Here, we assume ∂2G/∂g2i = 0 or is small enough to ignore, as in (1), to simplify the mathematical derivations.

By taking the total derivative of (24), we have

[
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From (11), we have
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In addition, assuming ∂2G/∂g2i = 0, we have
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Substituting (S.3) and (S.4) into (S.2), we have
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Substituting (S.5) into (S.1), we have
dgVL
dλ
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α
2
γ
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φ′
Lζ

V
L .

S3. Confirming Proposition 5 under the Specification of the Function G

By differentiating (26) and (27) in λ, we have

dgVL
dλ

=
4cαγφ′

L [Θ− αβγηξL]

Θ2
, (S.6)
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αγφ′

F

[

Θ(4c+ αβγ(φL − φF )) + α2β2γ2ηξL(1 + φF )
]

Θ2
, (S.7)

where η ≡ 1 + φ2
F − 2φLφF ∈ [0, 1] for all φL ∈ [0, 1] and φF ∈ [0, 1].

From (S.7), we immediately find that the effect of social interaction on the follower’s effort is determined by

the sign of φ′
F , irrespective of the task type. Social interaction induces more effort from the follower if the leader

is initially more prosocial (aL > aF , implying φ′
F > 0), and less effort if the follower is initially more prosocial

(aL < aF , implying φ′
F < 0). In the case of substitutable tasks (β < 0), the sign of (S.6) is also determined

by the sign of φ′
L, implying that social interaction reduces effort from the leader if aL > af , and increases it if

aL < aF .

However, in the case of complementary tasks (β > 0), the sign depends on Θ− αβγµξL. If

Θ− αβγµξL < 0, (S.8)

then the sign of (S.6) is positive for aL > aF , and is negative for aL < aF . Therefore, if the condition (S.8)

is satisfied, then social interaction increases both gVL and gVF for aL > aF and decreases both gFL and gVF for

aL < aF . Otherwise, social interaction increases reduces effort of the initially more prosocial member and

increases effort of the initially less prosocial member. The condition (S.8) is more likely to hold when c is

smaller and α and γ are larger. For example, when α = .5, β = 1, γ = 4, then the condition is satisfied if

c ≤ 1.40 for {aL, aF } = {1, 0} and if c ≤ 1.82 for {aL, aF } = {0, 1}.
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S4. Equilibrium Efforts and Payoffs in Vertical Teams Performing Substitutable Tasks

We here provide the numerical examples and explanations for the effects of social interaction on each member’s

effort and payoff in vertical teams performing substitutable tasks.

Figure S1 depicts the effect of social interaction on each member’s effort. In panel B of the figure, the graph

for the case of low effort cost shows the grey area where a less prosocial leader becomes a complete free rider by

exerting no effort. In all four plots, it is confirmed that gL < gF holds when the prosociality of both members

is equal at λ = 1, and social interaction does not cause changes in the effort levels of both members in the same

direction, unlike in the complementary task case.

Figure S2 depicts the effect of social interaction on each member’s psychological payoffs. Also in panel B of

the figure, the graph for the case of low effort cost shows the grey area where a less prosocial leader becomes

a complete free rider by exerting no effort. In all four plots, it is confirmed that uL > uF holds when the

prosociality of both members is equal at λ = 1, reflecting the first-mover advantages. The crucial point here is

that social interaction never leads to an increase in the payoffs of both members, although it may result in a

decrease in payoffs for both members.
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Note. Parameters: α = .5, β = 1, γ = 4.

Figure S1: Equilibrium Efforts in Vertical Teams Performing Substitutable Tasks
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Figure S2: Psychological Payoffs in Vertical Teams with Substitutable Tasks
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S5. Other Figures
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Figure S3: Comparison of Team Performance for Complementary Tasks
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Figure S4: The Difference of Deviation Loss (Ω)
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