
 

 
 

 
 

warwick.ac.uk/lib-publications 
 

 
 
 
 
Manuscript version: Author’s Accepted Manuscript 
The version presented in WRAP is the author’s accepted manuscript and may differ from the 
published version or Version of Record. 
 
Persistent WRAP URL: 
http://wrap.warwick.ac.uk/161579                              
 
How to cite: 
Please refer to published version for the most recent bibliographic citation information.  
If a published version is known of, the repository item page linked to above, will contain 
details on accessing it. 
 
Copyright and reuse: 
The Warwick Research Archive Portal (WRAP) makes this work by researchers of the 
University of Warwick available open access under the following conditions. 
 
Licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International (CC BY-NC-ND 4.0)https://creativecommons.org/licenses/by-nc-nd/4.0/ 
 

 
 
Publisher’s statement: 
Please refer to the repository item page, publisher’s statement section, for further 
information. 
 
For more information, please contact the WRAP Team at: wrap@warwick.ac.uk. 
 

http://go.warwick.ac.uk/lib-publications
http://go.warwick.ac.uk/lib-publications
http://wrap.warwick.ac.uk/161579
mailto:wrap@warwick.ac.uk


The Social Contract in Miniature 

1 

THE SOCIAL CONTRACT IN MINIATURE:  

HOW VIRTUAL BARGAINING SUPPORTS TEAM PRODUCTION 

 

Hossam Zeitoun 

Warwick Business School 

University of Warwick 

Coventry, CV4 7AL (UK) 

Tel. +44 24 7652 88 70 

hossam.zeitoun@wbs.ac.uk 

(corresponding author) 

 

 

Tigran Melkonyan 

Department of Economics 

University of Alabama 

Tuscaloosa, AL 35487 (USA) 

tamelkonyan@cba.ua.edu 

 

 

Nick Chater 

Warwick Business School 

University of Warwick 

Coventry, CV4 7AL (UK) 

Tel. +44 24 7652 45 06 

Nick.Chater@wbs.ac.uk 

 

Hossam Zeitoun (hossam.zeitoun@wbs.ac.uk) is an associate professor of strategy and behavioral science 

at Warwick Business School, UK. He received his Ph.D. from the University of Zurich. His research 

interests include coordination in organizations, team production, and theories of the firm. 

 

Tigran Melkonyan (tamelkonyan@cba.ua.edu) is a professor of economics at the University of Alabama, 

USA. He received his PhD in Economics from Iowa State University. His research interests include 

decision-making under risk and uncertainty, applied game theory, and resource economics. 

 

Nick Chater (nick.chater@wbs.ac.uk) is a professor of behavioral science at Warwick Business School, 

UK. He received his Ph.D. from the University of Edinburgh. His research focuses on the cognitive and 

social foundations of rationality. 

 

Acknowledgments: We are very grateful to the Associate Editor Joseph T. Mahoney, three anonymous 

reviewers, and Sotirios Paroutis for insightful feedback on previous drafts, which greatly strengthened the 

paper. The authors were supported by the British Academy [grant SG170033]. NC was also supported by 

the ESRC Network for Integrated Behavioural Science [grant ES/P008976/1] and the Leverhulme Trust 

[grant RP2012-V-022]. 

  

mailto:hossam.zeitoun@wbs.ac.uk
mailto:tamelkonyan@cba.ua.edu
mailto:Nick.Chater@wbs.ac.uk


The Social Contract in Miniature 

2 

THE SOCIAL CONTRACT IN MINIATURE:  

HOW VIRTUAL BARGAINING SUPPORTS TEAM PRODUCTION 

 

Abstract 

The ability of teams to self-organize and engage in spontaneous collaboration is crucial to 21st-century 

organizations. The large extent of nonroutine activities in such organizations hampers the effectiveness of 

traditional management instruments, such as monitoring effort and performance levels and exercising fiat—

resulting in increasingly important self-organized collaboration. To explain how such collaboration is 

possible, we suggest a refinement of the psychological assumptions underpinning influential theories of the 

firm—specifically, concerning how people reason. We juxtapose Nash reasoning (the mode of reasoning 

underpinning organizational economic theories of the firm) with virtual bargaining (a more collaborative 

mode of reasoning drawing on recent research in cognitive science). Virtual bargaining enables individuals 

to establish, maintain, and abide by tacit “social contracts” of their team and organization—the (often tacit) 

norms, rules, roles, and responsibilities governing how employees should behave (irrespective of their 

personal objectives). Thus, virtual bargaining helps individuals mitigate challenges of team production, 

such as shirking and hold-up, in a self-organizing and self-enforcing way. We analyze the conditions under 

which virtual bargaining leads individuals to coordinate on enhanced effort levels in organizationally 

relevant settings. We outline avenues for empirically testing virtual bargaining in organizations and discuss 

conceptual implications. 

 

 

Keywords: Cognitive science; decision making; complementarities; coordinating effort; organizational 

economics; the social contract; virtual bargaining; team production; theory of the firm. 

  



The Social Contract in Miniature 

3 

Teams are central to value creation within and between organizations. To achieve high performance, 

organizations face the key challenge of inducing employees to exert high effort in (often decentralized) 

teams. The contracts between team members are typically incomplete, due to the frequently prohibitive 

costs of writing a complete contract that specifies each employee’s required actions of for all future 

contingencies (e.g., Williamson, 1999). Furthermore, managers are often unable to determine the precise 

contribution of each team member to the joint output. This inability may arise even in simple tasks, such as 

Alchian and Demsetz’s (1972) well-known example of two workers lifting heavy cargo into trucks, but 

even more so in complex team tasks based on knowledge work. Long-standing management research has 

analyzed this challenge, highlighting that employees may withhold effort in team production due to 

shirking, social loafing, and free riding (e.g., Kidwell & Bennett, 1993). 

A particularly influential approach to this problem is Alchian and Demsetz’s (1972) team 

production theory (henceforth: AD’s team production theory). Although originating in property rights 

theory in economics, management research has applied these ideas extensively to business contexts, 

yielding many valuable insights (e.g., Argyres & Liebeskind, 1999; Bridoux & Stoelhorst, 2016; Campbell 

et al., 2012; Coff, 1997; Hoskisson et al., 2018; Kim & Mahoney, 2010; Klein et al., 2019; Lan & 

Heracleous, 2010; Mahoney & Kor, 2015; Makadok & Coff, 2009; Rousseau & Shperling, 2003). Such 

applications examine both “teams” of individuals and of stakeholder groups (e.g., Amis et al., 2020), thus 

showing the wide applicability of this theoretical lens.1  

However, recent critique has called for rethinking the managerial and behavioral assumptions 

underpinning AD’s theory (and other organizational economic theories of the firm) for 21st-century 

organizations. Following Alvarez et al. (2020), this critique builds on empirical observations that value 

creation processes increasingly take place under high uncertainty, requiring spontaneous reactions to 

unforeseen circumstances as a “new normal;” employees increasingly expect not only economic incentives 

but also a sense of community, identity, and purpose; and technological development and artificial 

intelligence increasingly remove routine tasks, resulting in team production that is highly self-organized, 

where traditional forms of managerial authority become less effective. 
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In the light of this critique, the present paper develops a team production approach—which we call 

the “social contract in miniature”—that often enables team members to coordinate on high effort levels and 

achieve good team outcomes, even in dynamically changing environments with high uncertainty and a high 

degree of self-organization. As we discuss below, in such environments, AD’s solution of assigning a 

“specialized monitor” to check each team member’s effort level may not yield the desired effect of 

coordinating on high effort levels. Furthermore, the social contract in miniature—and the accompanying 

management practices—facilitate self-organized collaboration, which can strengthen the employees’ sense 

of community. The social contract in miniature recasts the role of managers, consistent with Alvarez et al.’s 

(2020: 714) conjecture that “managers from the 20th century would not even recognize 21st-century 

managers based on their daily activities and the foundations of their authority.” 

The social contract in miniature metaphor (inspired by the social contract literature in political 

philosophy) highlights the importance for team members to be able to make (often informal or even 

unspoken) spontaneous agreements on many aspects of their collaboration to avoid “anarchy” at the team 

level. Crucially, it requires a different mode of reasoning than is assumed in AD’s theory. We juxtapose 

Nash reasoning (the mode of reasoning underpinning organizational economic theories of the firm) with 

virtual bargaining (a more collaborative mode of reasoning drawing on recent research in cognitive 

science). The virtual bargaining account is a positive theory that helps explain and predict how individuals 

establish, maintain and abide by tacit “social contracts” of their team and organization—the (often tacit) 

norms, rules, roles, and responsibilities governing how employees should behave (irrespective of their 

personal objectives). Thus, virtual bargaining helps individuals mitigate challenges of team production, 

such as shirking and hold-up, in a self-organizing and self-enforcing2 way. 

Thus, our paper aims to make three contributions to the management literature. First, we extend 

team production theory by explicating, and refining the analysis of, a crucial psychological mechanism: the 

team members’ mode of reasoning. We highlight how this reasoning differs from, and combines with, other 

psychological mechanisms that have been considered in the management literature, such as prosocial 

preferences or people’s concern about their reputation. Following the recent call to go “from bounded 
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rationality to cognitive capabilities” (Menon, 2018: 189), our paper shows that deviations from the standard 

model of “rational” reasoning may lead to improved organizational outcomes. Second, we analyze the 

conditions under which virtual bargaining leads individuals to coordinate on enhanced effort levels in 

organizationally relevant settings. These conditions can help inform managers when designing a work 

environment that enhances the benefits of virtual bargaining for their organization. Third, we outline 

avenues for empirically testing virtual bargaining and discuss conceptual implications. We propose that 

virtual bargaining, and theories of modes of reasoning more generally, can help elucidate important 

questions in organizational economics and about competitive advantage in future research. 

THE SOCIAL CONTRACT IN MINIATURE 

The famous frontispiece of Hobbes’ Leviathan (1994/1651) shows the vast form of the King, looming over 

the landscape, composed of myriad tiny individuals, and holding symbols of the authority of the state (the 

sword) and church (the bishop’s staff). A unified society, for Hobbes, is welded together from the 

individuals through the fashioning of an agreed social contract:3 a system of roles, rules, and division of 

labor. “A multitude of men, are made one person, when they are by one man, or one person, represented; 

so that it be done with the consent of every one of that multitude in particular” (Hobbes, 1994/1651: 

I.16.13). Without such a contract, Hobbes warned, each person would promote her own individual goals, 

rather than aiming to play her appropriate social role; and human life would collapse into disorder and the 

“war of all against all” (Hobbes, 1983/1642). Subsequent approaches in political and moral philosophy—

e.g., Locke, Rousseau, Rawls, and Gauthier—developed alternative views of the social contract (often 

forgoing Hobbes’ assumption of a tight hierarchy) (e.g., Rosenfeld, 1985). 

The social contract as a metaphor 

The social contract metaphor highlights the subtle, and crucial, connection between individual decision 

making and the possibility of organized behavior: the social contract can help bridge the gulf between self-

interested agents, each pursuing their own objectives, and the laws, norms, institutions, roles and 

responsibilities in an organized society. This viewpoint can be extended to organizations of all sizes. Sports 

teams, firms, hospitals, armies, religious orders, and governments operate according to systems of more or 
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less well-defined rules, outlining roles, responsibilities, decision making processes, and norms for enforcing 

all of these. Some aspects of the “social contract” may be written in a formal rule book; but much will 

necessarily be informal and often guided by the interpretation of past precedent rather than by reference to 

explicitly formulated rules. In any case, the ability of an organization to act as a cohesive whole depends 

on the coordinated efforts of the individuals who contribute to it. 

But what is the origin of these social contracts? A natural suggestion is that the creation of the 

complex web of agreements is a process of debate: whether in a parliament, a court of law, by a board of 

directors, or through informal arrangements between work colleagues. Tacit agreements—the norms, 

conventions, and customs that govern everyday organizational and social life—may be viewed as, 

analogously, arising from a tacit process of reaching an agreement. The ability to engage in such explicit, 

or more often, tacit, negotiation about the contract governing our collective conduct seems to be a crucial 

foundation for organizations (Macneil, 1980; Rousseau, 1995). 

What mode of reasoning governs the individual decision makers who are subject to such 

agreements? 4 Conventional rational choice models in economics and psychology typically presuppose, in 

line with Hobbes, that agents are individualistic: they choose actions purely to achieve their own objectives 

(crucially, these individualistic objectives need not be wholly self-interested but may also include other-

regarding preferences, as we discuss below). Any contract (ranging from those that are legally binding to 

informal tacit agreements) will be followed by an agent only when it aligns with her objectives. If contracts 

are explicit, heavily policed, and enforced with suitably severe punishments, then agents may abide by the 

network of contracts to which they are subject. But most societies, and certainly most organizations, are 

much less overbearing. 

More broadly, an organization or society that consists of individuals who pursue purely individual 

objectives, and who follow any (agreed or tacit) norms or rules only if these align with their objectives, 

would be highly precarious. Shirking, corruption, and self-serving behavior may emerge at every level. 

Confidence that people would heed the laws, rules, and agreements of any kind could rapidly erode—and 
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the social contract might unravel. This breakdown would impede all kinds of mutually beneficial 

interactions. Indeed, Hobbes’ “war of all against all” would threaten.5 

Conditions for the social contract in miniature 

AD’s team production theory aims to offer a solution to prevent this “war of all against all” in an 

organizational context (see “Specialized monitor model” in Table 1 for a summary), assuming that 

employees adopt such individualistic reasoning. AD’s solution rests on the assumptions of a team 

production “in which 1) several types of resources are used and 2) the product is not a sum of separable 

outputs of each cooperating resource (…) [and] 3) not all resources used in team production belong to one 

person” (Alchian & Demsetz, 1972: 779). These conditions give rise to the wide-spread challenges of 

shirking and hold-up. These problems may arise from team members’ relationship-specific investments, 

where the returns from these investments are vulnerable to expropriation by other team members (Klein, 

Crawford, & Alchian, 1978). Furthermore, AD’s solution builds on the conditions that monitoring of the 

team members’ efforts is costly, and that the team members’ payoffs include monetary and non-monetary 

elements (e.g., non-monetary payoffs may include prestige, reputation, or leisure in the case of shirking). 

The social contract in miniature approach developed here (see Table 1 for a summary) builds on 

these same conditions, but includes additional conditions arising from Alvarez et al.’s (2020) critique of 

AD’s theory and its limitations for 21st-century organizations: in an environment characterized by 

uncertainty and unpredictability, AD’s solution may struggle, because the team leader (i.e., the specialized 

monitor) observes, rewards, and punishes the team members’ behavior based on a previously defined course 

of action. However, the task of pre-defining a course of action can be very challenging where team members 

face unpredictable conditions (ranging from exogenous shocks, political upheavals, and pandemics to 

serendipity in research and development). Moreover, continual renegotiation of agreements between the 

specialized monitor and the team members, due to a dynamic environment, can be time-consuming. Further, 

where team members have specialized knowledge, the specialized monitor needs to acquire sufficient 

knowledge to be able to understand and monitor the team members’ actions. Such monitoring becomes 

even more difficult where team members work remotely. 
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Under these conditions, we may conceive of a different, more collaborative mode of reasoning to 

prevent a social contract from unraveling. In addition to reasoning about choosing actions to achieve their 

individual objectives, people may also be able to reason about potential agreements with others—both 

explicitly and, perhaps more crucially, tacitly—concerning the actions, rules, roles, and responsibilities that 

they should adopt. Bargains can be of all scales, from setting the rules of engagement for a particular 

momentary interaction, to regulating a relationship between two colleagues, or spelling out the expected 

behavior within a firm.6 And we submit that a fundamental mode of human reasoning studied in cognitive 

science—reasoning about what can be achieved in real or hypothetical negotiations—runs alongside the 

standard model of acting to achieve one’s own objectives: we refer to such reasoning as “virtual bargaining” 

(e.g., Chater et al., 2016). If employees are virtual bargainers, an alternative team production approach 

becomes possible. To develop this approach, we first explain the concept of virtual bargaining and contrast 

it with other psychological mechanisms in the next section. 

-------------------------------------- 

Table 1 about here 

-------------------------------------- 

VIRTUAL BARGAINING AS A MODE OF REASONING 

Bargains in organizations can range from unspoken agreements, tacitly understood by all parties, to loosely 

drafted informal agreements, and all the way to detailed and legally binding contracts. From this 

perspective, an essential aspect of organizational behavior concerns the continual negotiation, 

implementation, and modification of bargains of all kinds. If employees reason about what they can and 

should agree, then they may well conclude that mutually advantageous agreements, rules, roles and 

responsibilities should be agreed and carried through, whether or not an individual may profit by deviating 

in some instances. According to the virtual bargaining approach, people often mentally simulate a 

bargaining process in social interactions, asking “What would we agree to do?”7 (Chater et al., 2016; 

Misyak et al., 2014). The focus on constructing, modifying, and enforcing agreements between employees 

(i.e., establishing the social contract) is quite different from focusing on individual objectives (i.e., “What 
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should I do?”). The formal notion of virtual bargaining—to which we return below—has strong explanatory 

power in many types of interaction (e.g., Melkonyan, Zeitoun, & Chater, 2018, 2022). 

Using a bargaining mindset, why cannot employees simply communicate and thus solve the 

shirking problem noted above? The reason is that when coordinating effort levels in team production, 

communication typically occurs in a “cheap talk” environment (Farrell & Rabin, 1996)—i.e., team 

members can communicate about different possible agreements, but this communication does not directly 

affect their payoffs and therefore may not influence their actions. Note, too, that natural language 

pragmatics often make it difficult to talk explicitly about effort levels—partly, we suggest, because explicit 

negotiation seems to imply the suspicion of bad faith8 on the part of the other (this issue connects to the 

wider question of the pragmatics of politeness, Brown & Levinson, 1987). Nonetheless, interesting 

considerations about communication and virtual bargaining arise (see discussion section). 

Virtual bargaining and Nash reasoning in team production 

How does virtual bargaining differ concretely from individualistic reasoning? In individualistic reasoning, 

each party attempts to choose according to their own objectives, so that each must consider the likely actions 

of the other party or parties. The dominant approach to this in rational choice theory is to use the Nash 

equilibrium (Nash, 1951) and its refinements. A key foundation of the Nash equilibrium is the assumption 

that individuals apply “best-response” reasoning: each person forms a belief about other people’s choices, 

selects a response that yields the most favorable outcome for her/him given that belief, and “if all players 

announced their strategies simultaneously, nobody would want to reconsider” (Holt & Roth, 2004: 3999). 

In a two-player interaction, a Nash equilibrium constitutes a pair of choices where neither player has an 

incentive to unilaterally shift to a different choice. Reasoning by Nash equilibrium (henceforth: “Nash 

reasoning”) is often sensible, although observed behavior sometimes shows large deviations from any Nash 

equilibrium (Colman, 2003; Goeree & Holt, 2001), especially in one-shot interactions (Arad & Rubinstein, 

2012) as we shall illustrate shortly. 

Virtual bargaining, in contrast, begins with identifying a set of “feasible” agreements: possible 

outcomes of bargaining specifying how each participant should act (Melkonyan, Zeitoun, & Chater, 2018, 
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2022; Misyak et al., 2014). Our starting point is the intuition that, when considering the net benefits from a 

possible agreement with another person, we need to consider two possible cases. One is that the other person 

simply follows the agreement; the other is that the other person breaks away from the agreement and 

chooses the move that best-responds to the move we have agreed to make (in either case, we assume that 

we would be able to rely on ourselves to go through with our side of the agreement). Thus, each player 

recognizes that deviations from an agreement may be beneficial and allows for the possibility that the other 

party may choose the most beneficial deviation for him/herself.9 Based on this intuition, a player’s worst 

payoff from a possible agreement with another player is defined as the lower of two payoffs: (a) her payoff 

when both players follow the agreement and (b) her payoff when she follows the agreement but the other 

player best-responds to the agreement. An agreement is feasible if neither player can obtain a higher worst 

payoff from unilaterally deviating from her part of the agreement. Intuitively, each player asks the question, 

“What is the worst that can happen to me if I exert high effort and my counterpart best-responds?” Having 

identified a set of feasible agreements, the second step of virtual bargaining involves a mental simulation 

of a bargaining process to pick out a specific agreement—the virtual bargaining equilibrium (VBE). 

For an intuitive understanding of virtual bargaining and Nash reasoning in team production, we 

illustrate them using the Traveler’s Dilemma10 (where virtual bargaining and Nash reasoning diverge 

maximally) and, in the next section, the Prisoner’s Dilemma (where virtual bargaining and Nash reasoning 

coincide). We illustrate the Traveler’s Dilemma (Basu, 1994, 2007) in the context of two workers who are 

engaged in an interdependent activity and can each choose among ten discrete effort levels, ranging from 1 

to 10. The workers’ individual rewards depend on the lower of the two chosen effort levels (i.e., the weakest 

link is crucial). Moreover, the person who has chosen the higher effort level suffers a psychological cost of 

two units, whereas their counterpart experiences an equally large psychological benefit. So, if person A 

chooses 8 while person B chooses 5, then the weakest link is 5 units. Thus, A earns a payoff of 5-2=3, 

whereas B earns 5+2=7. 

The Traveler’s Dilemma leads to a well-known paradox for individualistic (Nash) reasoning. 

Suppose that player A envisions a potential bargain of both players choosing the highest effort level of 10 
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(we denote this bargain as (10, 10)). However, A realizes that B has an incentive to undercut this bargain 

by choosing 9 (leading to a payoff for A of 9-2=7, and for B of 9+2=11). Therefore, A has an incentive to 

undercut B by choosing 8 (leading to a payoff for A of 8+2=10, and for B of 8-2=6)—and so on. In their 

mental simulation, the players will undercut each other until they reach the unique Nash equilibrium in 

which both players choose the lowest possible effort level of 1. 

Virtual bargaining, in contrast, enables both players to coordinate on choosing (10, 10). Player A 

will entertain the possibility that player B may undercut the bargain by choosing 9. Thus, A will either earn 

a payoff of 10 (if B sticks to the bargain) or a payoff of 9-2=7 (if B best-responds to the bargain by choosing 

9)—i.e., player A’s worst payoff from the potential bargain (10, 10) is 7. This worst payoff of 7 units is 

better than the worst payoffs of all other potential bargains to which a player may deviate. Thus, even 

though player A does not necessarily trust B to stick to the bargain, A will still choose 10. Player B reasons 

in the same way. Therefore, both players will choose the highest possible effort level of 10—thus, virtual 

bargaining constitutes a ‘collaborative skill’ (Hamilton, Nickerson, & Owan, 2003). 

Why does virtual bargaining prevent the bargain (10, 10) from unraveling? Intuitively, a Nash 

reasoner neither trusts herself nor her counterpart to stick to this bargain, causing the unraveling described 

above. A virtual bargainer, in contrast, trusts herself to stick to this bargain, even though she understands 

that her counterpart may not be trustworthy—because her worst payoff from being slightly cheated is still 

better than that of all other bargains. Even if virtual bargainers are entirely self-interested, they may still 

achieve a better outcome than Nash reasoners, because a virtual bargainer maximizes her worst payoff 

(rather than payoff). The virtual bargainer entertains the possibility that her counterpart will stick to the  

(10, 10) bargain, and in the worst case, where the other responds with 9, she will only be exploited a little. 

The Traveler’s Dilemma poses a challenge to the Nash solution as the latter contrasts so starkly 

with human intuition (Basu, 2007). Many empirical studies show that participants in experiments often 

choose numbers close to the upper end of the range (Basu, Becchetti, & Stanca, 2011; Branas-Garza, 

Espinosa, & Rey-Biel, 2011; Capra et al., 1999; Goeree & Holt, 2001). Some experiments varied the 

reward/penalty parameter: i.e., the reward for undercutting and the penalty for choosing a higher number. 
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Capra et al. (1999) used a Traveler’s Dilemma with a scale ranging from 80 to 200, and found that a 

moderate reward/penalty parameter (e.g., 5) leads to participants choosing high numbers (consistent with 

virtual bargaining), thus representing a clear empirical anomaly from a Nash viewpoint. In contrast, 

participants’ choices are more consistent with Nash reasoning if the reward/penalty parameter is very high 

(e.g., 80); i.e., if Player A chooses 80, and B chooses any higher number, then B’s payoff will be zero. 

Understandably, many individuals do not want to take such a high risk when interacting with an anonymous 

counterpart. This interpretation coheres with Basu et al. (2011: 575) that “changes in choices across 

treatments are largely explained by risk aversion.” 

The Traveler’s Dilemma’s design makes the difference between virtual bargaining and Nash 

reasoning especially clear (the virtual bargaining equilibrium leads to the first-best outcome, whereas the 

Nash equilibrium leads to the worst), but in other scenarios, the difference between the two equilibria is 

smaller. In our subsequent analyses, the outcomes of both virtual bargaining and Nash reasoning are often 

below the first-best outcome (which would be achieved if the players’ actions were contractible; or if the 

players only cared about the collective interest and completely ignored their own payoffs).  

How virtual bargaining compares with other accounts of collaborative behavior 

We suggest that people can and do adopt both modes of reasoning: Nash reasoning and virtual bargaining 

are both important in shaping behavior (and are, as noted above, powerful accounts of actual behavior in 

experimental studies). We later suggest that managers may be able to influence the prevalent mode of 

reasoning in their organizations, and indeed that this may be an important dimension of organizational 

culture. Table 2 contrasts virtual bargaining with other accounts of collaborative behavior from an 

interdisciplinary literature across psychology, economics, management, and biology—highlighting its 

distinctive contribution and key differences from other accounts.11  

-------------------------------------- 

Table 2 about here 

-------------------------------------- 

 

Several strands of the management literature have challenged and modified the psychological 

assumptions of AD’s theory (and organizational economics more generally)—especially those relating to 
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the lower half of Table 2—and we therefore discuss them in more detail. A first strand criticizes the 

assumption of individuals being purely self-interested. Management research has built on literature in 

psychology, organizational behavior, and behavioral economics to maintain that individuals are often 

prosocial or altruistic, or that they care about a fair distribution of payoffs (Bridoux, Coeurderoy, & Durand, 

2011; Ghoshal & Moran, 1996), and that such motivations can improve collaboration. This work focuses 

on the psychological mechanism that individuals care about not only their own payoff but also the payoff 

of their counterpart. For example, models of other-regarding preferences typically assume that an 

individual’s utility is a weighted average of their own payoff and their counterpart’s payoff (for 

operationalizations, see, e.g., Van Lange, 1999). In contrast, virtual bargaining (and Nash reasoning) makes 

no assumptions about the extent to which an individual cares about other people’s payoffs. Virtual 

bargainers and Nash reasoners can be entirely self-interested, entirely altruistic, or anything in between. 

For space considerations, our paper focuses on the analysis where players are self-interested (generally, 

prosocial preferences are likely to improve the outcomes of both Nash reasoning and virtual bargaining in 

team production settings, often leaving the qualitative pattern of results unchanged). Thus, preference-based 

accounts of collaboration focus on a different psychological mechanism, but they are entirely 

complementary to the present discussion of modes of reasoning. 

To illustrate the interplay between these accounts, consider a team collaboration with the structure 

of the well-known Prisoner’s Dilemma (e.g., Dawes, 1980). Suppose that two workers engage in an 

interdependent activity and can each choose among two discrete effort levels, “high” or “low.” If both 

choose high, each player earns a payoff of 3. If player A chooses high and player B chooses low effort (i.e., 

player B defects), then A earns 0 whereas B earns 5 (because B economizes on the personal cost of making 

high effort)—and the symmetric outcome applies if A defects and B cooperates. If both players defect by 

choosing low effort, each player earns only 1. A well-known finding is that Nash reasoning leads to self-

interested players defecting, but if they both are prosocial and care sufficiently about each other’s payoffs, 

they can achieve the good outcome whereby both players cooperate (e.g., Van Lange et al., 2013). What 

about virtual bargaining? When considering the potential bargain of both players cooperating, each player 
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entertains two possibilities: that the other player cooperates too (leading to the first player receiving a payoff 

of 3) or that the other player defects (so that the first player receives 0)—i.e., the worst payoff is 0. In 

contrast, when considering the potential bargain of both players defecting, the worst that can happen is that 

the other player defects too (leading to a payoff of 1). Therefore, virtual bargaining—like Nash reasoning—

leads to self-interested players defecting. Both modes of reasoning cannot prevent defection in the 

Prisoner’s Dilemma with purely self-interested agents, but prosocial preferences can lead to cooperation 

regardless of the mode of reasoning. This finding is very different from the Traveler’s Dilemma (discussed 

above), where virtual bargaining leads to a much better outcome than Nash reasoning even if both players 

are entirely self-interested. 

A second strand of literature focuses on relational contracts (also known as implicit contracts), 

which concern “collaboration sustained by the shadow of the future as opposed to formal contracts enforced 

by courts” (Gibbons & Henderson, 2012: 1350). This account has similarities, but also important 

differences, compared with our approach. Both emphasize that the contracts governing collaboration are 

incomplete because managerial practices in organizations often involve activities that cannot be fully 

determined in advance (i.e., writing a contract that specifies each individual’s actions under all possible 

contingencies would be prohibitively costly). However, the psychological mechanism to overcome this 

challenge is very different. Models of relational contracts often assume that two players engage in “a 

repeated game that is equally likely to end after any period” (Gibbons & Henderson, 2012: 1353). Due to 

this repeated interaction, the players may forgo the temptation to defect in the short term, because the other 

player can retaliate by defecting in subsequent iterations of the game (i.e., the “shadow of the future”). 

Thus, the relational contracts approach assumes that players interact repeatedly in the same or similar way, 

and that they are sufficiently patient (in order to value long-term over short-term rewards). Virtual 

bargaining, in contrast, does not require these assumptions. As we shall see, under certain conditions, virtual 

bargaining can lead to players cooperating even in one-shot interactions (thus forgoing the assumption that 

players need to be patient), or in repeated interactions where the context changes rapidly (e.g., the payoff 

structure for the players varies significantly between short-term interactions). Therefore, while relational 
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contracts are entirely compatible with virtual bargaining (see discussion section), virtual bargaining is 

particularly applicable to the dynamically changing, non-routine team production in many 21st-century 

organizations (Alvarez et al., 2020). 

A third important line of management research focuses on joint production motivation (Lindenberg 

& Foss, 2011), building on goal-framing theory in social psychology (Lindenberg & Steg, 2007) and team 

reasoning theory in economics and philosophy (Bacharach, Gold, & Sugden, 2006; Sugden, 2003). Joint 

production motivation differs from virtual bargaining in at least two crucial ways. First, the former approach 

assumes that social cues induce humans to switch between different “goal frames,” and that the interplay 

between these goal frames is important for joint production.12 Virtual bargaining, in contrast, focuses on a 

single reasoning mechanism where individuals consider “I” and “we” aspects at the same time. That is, 

following Hobbes’ logic, people create and follow a miniature “social contract” for their own (and, by 

extension, mutual) benefit, rather than focusing on some normative measure of collective benefit. A second 

important difference is that Lindenberg and Foss (2011) examine joint production motivation (resulting 

from an interplay of motivational and cognitive processes), whereas our approach focuses primarily on a 

cognitive reasoning mechanism. The virtual bargaining account is compatible with different types of 

motivations: as noted above, virtual bargainers can be entirely self-interested, mildly prosocial, or wholly 

altruistic. Thus, the two approaches provide different, and complementary, insights into team production. 

In the next sections, we analyze the conditions under which virtual bargaining leads individuals to 

coordinate on enhanced effort levels. We begin with a case in which team production requires a sequence 

of effortful actions for mutual benefit. Then, we proceed to different types of one-shot interactions. 

VIRTUAL BARGAINING IN SEQUENTIAL TEAM PRODUCTION 

Consider the situation where a hardware designer and a software programmer in the same organization 

agree to develop a range of different prototypes for new high-end headphones. Suppose as is typically the 

case in innovation, that the quality of these prototypes is uncertain and is therefore difficult or even 

impossible to specify in a written contract. To create the prototypes, the two team members are required to 

make a succession of effortful contributions, which represent relationship-specific investments (i.e., 



The Social Contract in Miniature 

16 

investments whose returns hinge on a continuing relationship) (e.g., Mayer & Argyres, 2004). However, 

once these efforts are made, the team members may haggle over the ex-post division of their “surplus” 

(Grossman & Hart, 1986; Hart & Moore, 1990). For example, they might haggle over the choice of the 

prototype (e.g., one prototype may be particularly suitable for showcasing software functionality, but the 

hardware innovation might be less visible, thus generating higher benefits to the programmer). If they 

disagree on which prototype to build, one team member may threaten to withdraw from the project 

altogether, unless the other team member makes concessions (such as taking on a particularly effortful task 

during the project, e.g., helping to market the finished product). Similarly, when the product is under 

development, the nature and size of the revenue stream it might generate will be highly unpredictable (Will 

it be licensed? Or will they attempt to manufacture it directly, and if so, will they need the backing of 

external investors?). Again, once both team members have made their initial effort, each may fear most of 

the revenue being appropriated by the other, who threatens to withdraw from the project entirely. If the 

team members anticipate this haggling, they have diminished incentives to make relationship-specific 

investments, precisely because such investments will expose them to ex-post expropriation of their surplus 

(Klein, Crawford, & Alchian, 1978). Thus, they may each choose to invest low effort in developing the 

prototypes—but if so, then the project is unlikely to succeed, and hence the possible surplus is unrealized.  

Formally, we refer to the hardware designer as Player 1 and the programmer as Player 2. To 

improve the product’s design, the players take turns and spend time and effort on making amendments to 

the product. For concreteness, suppose the game has 10 stages, numbered 1 to 10, in which the product 

design can be improved. Player 1 moves in the odd-numbered stages, whereas Player 2 moves in the even-

numbered stages. Suppose without loss of generality, that time is not discounted. Whenever a player takes 

a turn to move, she chooses between two effort levels to improve the design, “low” and “high.” The cost of 

low effort is normalized to 0 whereas the cost of high effort is equal to 𝐶. If a player chooses low effort, 

the total value of the product design (henceforth: the “benefit”) increases by 𝑏. If a player chooses high 

effort, the benefit increases by 𝐵 > 𝑏. Thus, the overall gain, G, in the benefit if one player switches from 

low to high effort is equal to 𝐵 − 𝑏. If both players were to switch from low to high effort, the benefit would 
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increase by 2G. Note that if the players were able to enter into binding legal contracts (which we assume is 

not possible here), then there will be an agreement according to which high effort will be favored as long 

as G > C. This agreement could cover each of the ten stages, and high effort throughout would be assured. 

A viable agreement need not necessarily involve an equal division of the gross benefit, of course. Therefore, 

let 𝛼𝑖 denote the share of the gross benefit obtained by player 𝑖 = 1,2. 

In Appendix A, we formally analyze the equilibrium outcomes for this game for Nash reasoning 

and virtual bargaining. Specifically, we consider a virtual bargain in which both players tacitly agree to 

make a high effort throughout; but if either player breaks the agreement, the other will switch to low effort 

thereafter (the so-called grim-trigger strategy).13 The threat of “triggering” a grim outcome (where both 

players end up making low effort in the remaining stages) may deter low effort. The following baseline 

shows as in prior literature (e.g., Melkonyan, Zeitoun, & Chater, 2022) that the potential bargain of choosing 

high effort in all stages often unravels with Nash reasoning. 

Baseline: Nash reasoning will never lead to both players choosing high effort in all stages of the 

interaction as long as 𝐺 < 2𝐶. 

The first-best solution would involve each player making high effort throughout the entire game, as long as 

the gain G outweighs the cost C, but with Nash reasoning, mutual high effort is only achievable if G is 

greater than (or equal to) 2C. In the latter scenario, the gain generated by one player’s high effort (G) is 

sufficiently high to cover the cost of high efforts by both players (2C). As a result, the shares of the benefit 

(𝛼𝑖) can be chosen such that both players exert high effort. 

In the remaining analysis—for Nash reasoning and virtual bargaining—we assume that 𝐺 < 2𝐶: 

i.e., we rule out the case where the gains are sufficiently great that even Nash reasoning can generate the 

best possible outcome (where both players choose high effort throughout). In Appendix A, we show that: 

Proposition 1:  Nash reasoning will entail high effort by player 𝑖 and low effort by player 𝑗 in all stages 

of the interaction if 𝛼𝑖 ≥ 
𝐶

𝐺
 and, correspondingly, 𝛼𝑗 ≤ 1 −

𝐶

𝐺
 for 𝑗 ≠ 𝑖. 

Proposition 1 shows that a moderately good, but lopsided, team outcome is still possible. Specifically, the 

players could coordinate on a course of action where one player makes high effort, and the other player low 
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effort, in all stages of the interaction. For this coordination to happen, however, the players’ incentives need 

to be skewed. The player making high effort needs to earn a share of the benefits that is equal to or greater 

than the ratio 
𝐶

𝐺
. So, for example, if the cost, C, of high effort is 40, and making high effort increases the 

project’s benefits from 50 to 100 (i.e., a gain, G, of 50), then the player making high effort needs to earn at 

least 80 percent of the benefits. Thus, only high-powered incentives for one (and only one) of the two 

players will achieve this moderately good outcome for Nash reasoners. Table 3 extends this result for 

different levels of cost of effort and project gains, respectively. We now turn to the outcome for virtual 

bargainers. 

-------------------------------------- 

Table 3 about here 

-------------------------------------- 

Proposition 2: Virtual bargaining will lead to both players choosing high effort in all stages of the 

interaction if and only if 𝑚𝑖𝑛{𝛼1, 𝛼2} ≥
𝐶

2𝐺
. Thus, the continual choice of high effort is sustainable in a 

virtual bargaining equilibrium as long as: 

 

(i) The two players’ shares of total surplus (𝛼1 and 𝛼2) are sufficiently large 

(ii) The cost of high effort (𝐶) is sufficiently small, and 

(iii) The gain (G) in benefits from low to high effort is sufficiently large. 

Proposition 2 uses the same setting as above (i.e., 𝐺 < 2𝐶). In contrast to Nash reasoning, virtual bargaining 

can achieve the best possible team outcome where both players choose high effort in all stages—if the 

incentives for both players cross the threshold 
𝐶

2𝐺
. If we continue the same numerical example as above, 

this threshold is 40 percent. This constellation enables various incentive structures: e.g., both players earn 

50 percent; one player earns 40 percent and the other 60 percent; or both players earn 40 percent (with the 

remaining 20 percent earned by the organization at large). 

-------------------------------------- 

Table 4 about here 

-------------------------------------- 

 

Table 4 shows the minimum share that both players need to earn for different parameters. 

Specifically, it shows that even where the added project gains only slightly outweigh the cost of effort, two 

virtual bargainers can still coordinate on mutual high effort. Thus, Proposition 2 posits that under certain 
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conditions (i.e., the area populated with numbers in Table 4), virtual bargaining will lead to better team 

outcomes, and will require less skewed incentives, than Nash reasoning. The virtual bargaining solution is 

intuitively quite natural: player envisions saying to the other, “I’ll keep working hard as long as, but only 

as long as, you do too.” 

VIRTUAL BARGAINING IN ONE-SHOT TEAM PRODUCTION 

We have seen that virtual bargaining can have substantial advantages over Nash reasoning in sequential 

interactions, but does this also apply to one-shot interactions? Such interactions are crucial for (a) ad hoc 

projects in dynamic organizations and (b) longer projects where the players cannot pass the intermediate 

product back and forth (as in the sequential case). For instance, given the trend toward shorter product life 

cycles, firms often need to develop the software of an electronic product while the hardware components 

are still being designed—a process known as hardware/software co-design (Teich, 2012). The concurrent 

design of software and hardware is a significant challenge owing to the reciprocal interdependencies 

between different parties working on the project (e.g., Eisenmann & Barley, 2007). Such examples highlight 

the unique challenge for employees to coordinate on high effort levels in knowledge work, where they may 

have very limited opportunities to observe and evaluate one another’s progress for long periods (e.g., they 

may work in different locations and/or have highly specialized knowledge)—as opposed to AD’s example 

of synchronous manual work (see Table 1). 

Thus, one-shot interactions appear particularly challenging for ensuring high effort. We analyze 

this scenario through the prism of “hold-up” (alternative interpretations such as “shirking” models, e.g., 

Alchian & Demsetz, 1972, are also possible, and a formal analysis would be very similar). Conceptually, 

the hold-up problem can be thought of as a two-stage process (first, a player makes a relationship-specific 

investment; then, the other player attempts to expropriate the returns). However, formal hold-up models 

(Grossman & Hart, 1986; Hart, 1995) often involve a single stage.14 Intuitively, the players envision the 

threat of hold-up, and may underinvest in the relationship in the first place. Thus, the possibility of hold-up 

is the central concern. 
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We focus on a formal model of team production characterized by complementarity (e.g., Postrel, 

2009). In our model, two players work on an interdependent task. We define a setting as a game with 

strategic complements if player i’s (𝑖 = 1,2) marginal benefit from increasing her action is increasing in 

player j’s (𝑗 ≠ 𝑖) action (Milgrom & Roberts, 1995). That is, a player’s incentive to increase her effort level 

increases with the level of the other player’s effort. 

In the example of the programmer and the hardware designer, each person’s effort complements 

the other’s efforts. Better programming will make the hardware designer’s efforts more productive; and a 

better hardware design will mean that the programmer’s efforts are more productive. If the programmer 

makes little effort and produces bug-ridden code, then the hardware designer has little incentive to increase 

her effort (i.e., however good the hardware is, if the program is poor, the joint result of their efforts will be 

unsuccessful). The following baseline shows similar to prior literature (e.g., Melkonyan, Zeitoun, & Chater, 

2018) that virtual bargaining often achieves an improvement over Nash reasoning in types of interactions 

with strategic complementarity (see Appendix B; for the formal analysis). 

Baseline: Suppose that the team members’ efforts are strategic complements. Compared with Nash 

reasoning, virtual bargaining will lead team members to choose higher effort levels and 

thereby obtain higher payoffs from their collaboration. 

The extent of this improvement depends, however, on the nature of the collaboration. A first crucial 

feature is the degree of complementarity among the team members (Gould & Winter, 2009; Postrel, 2009). 

Where complementarity is high, one team member’s increase in effort has a large impact on the marginal 

benefit of the other team member’s increase in effort. Intuitively, if one team member exerts high effort, 

the other team member’s best response to a “high effort” bargain is just to undercut a little, by making only 

slightly less effort. Then, according to virtual bargaining, each player can work hard, knowing that the worst 

that can happen is that they will be marginally “chiseled” by the other. If, however, the degree of 

complementarity is low, and players have an incentive to undercut one another by a large margin, then 

virtual bargaining will yield lower benefits over Nash reasoning. 

Based on mathematical derivations (see Appendix B), we also obtain the interesting relationship 

between the degree of complementarity and the advantage that virtual bargaining yields when compared 
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with Nash reasoning, shown in Figure 1. For low degrees of complementarity, virtual bargaining leads to 

little improvement over Nash reasoning (i.e., the ratio of effort levels obtained through virtual bargaining 

and Nash reasoning converges to 1). As complementarity increases, however, this ratio grows at an 

increasing rate. By analogy, the same applies to the team members’ payoffs. Thus, we derive:  

Proposition 3: A continuous increase in the degree of complementarity among the team members will 

lead to accelerating growth in the team members’ effort levels and in their payoffs obtained 

through virtual bargaining, compared with those obtained through Nash reasoning. 

-------------------------------------- 

Figure 1 about here 

-------------------------------------- 

 

A further important feature of collaboration is the team members’ marginal cost of effort (e.g., Hart & 

Moore, 1990). A high marginal cost of effort means that each team member will experience any additional 

increment of effort as very taxing. In many situations, increasing one’s efforts is costlier when already at a 

high effort level: that is, the more effort an individual is already exerting, the more exhausting a further 

increase in effort will be. 

How does the marginal cost of effort influence the team members’ effort choices? Note that, to 

ensure mathematical tractability (Rockafellar, 1997), our formal model in Appendix B assumes that each 

team member’s marginal cost of effort is constant. But suppose that the marginal cost of effort is increasing. 

Given that each team member’s payoff is given by the difference between the benefits of the project and its 

costs, the effect of the rate of change in the marginal cost15 on the strategic interaction is the reverse of the 

effect of the degree of complementarity 𝛼. To illustrate this mathematical property, Figure 2 shows how an 

increasing marginal cost of effort affects the improvement of virtual bargaining over Nash reasoning. The 

curve has a convex shape: the smaller the marginal cost of effort, the greater the improvement in effort 

levels obtained through virtual bargaining, and hence the greater the team members’ payoffs. Thus, we have 

the following:  

Proposition 4: A continuous decrease in the team members’ marginal cost of effort will lead to an 

accelerating increase in the team members’ effort levels and in their payoffs obtained 

through virtual bargaining, compared with those obtained through Nash reasoning. 
----------------------------------------------------------------------------------------------- 

Figure 2 about here 
----------------------------------------------------------------------------------------------- 
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A final essential feature of collaboration is the alignment of interests among team members (Ethiraj & Garg, 

2012; Gottschalg & Zollo, 2007). So far, our formal model assumes that the team members’ contributions 

to the project are equally important and that they receive an equal share of the project’s gross benefit. To 

begin our analysis of the alignment of interests, we consider the situation where the team members’ 

contributions vary in their importance (e.g., Azoulay, Zivin, & Wang, 2010). We assume that the hardware 

designer (H) makes a more important contribution to the project than the software programmer (S). To be 

precise, H’s effort has a higher marginal impact on the gross benefit than S’s effort. We describe the 

interests of team members as aligned if they each receive a share of the gross benefit proportional to the 

importance of their contribution. Such a set-up is economically efficient because it maximizes the project’s 

gross benefit (Hart, 1995). 

How does interest alignment affect the team members’ choices? In Figure 3, the curves h1 (for the 

hardware designer) and s1 (for the software programmer) represent the improvement of virtual bargaining 

over Nash reasoning, if the team members’ interests are aligned. In what follows, we assume that the 

importance of H’s and S’s contributions is sufficiently different, such that the curve h1 lies above the curve 

s1 in Figure 3.16 Now, suppose that the team members’ interests are misaligned, such that H earns a share 

of the gross benefit that is lower, and S a share that is higher, than the importance of her contribution. 

Hence, H will have an incentive to reduce, and S to increase, her effort level. Given that effort levels are 

higher under virtual bargaining than under Nash reasoning (see Baseline), this type of misalignment will 

cause the ratios of effort levels in Figure 3 to converge. Thus, we obtain the curves h2 and s2: virtual 

bargaining achieves a smaller improvement over Nash reasoning for the “more important” person, and a 

bigger improvement for the “less important” one. We have: 

Proposition 5: If the rewards are misaligned with the importance of the team members’ contributions to 

the project, the team members will tend to choose effort levels that differ from those that 

maximize the project’s benefit; and this distortion will tend to be higher under virtual 

bargaining than under Nash reasoning. Moreover, these distorting effects will tend to be 

higher where the degree of complementarity among team members is high. 

-------------------------------------- 

Figure 3 about here 

-------------------------------------- 
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We can infer the latter sentence of Proposition 5 from Figure 3 too. The horizontal axis shows the 

influence of the degree of complementarity. Where the degree of complementarity is low, all four curves 

converge so that the benefits from aligning interests are comparatively small. As complementarity 

increases, however, the curves diverge, and the effect of interest misalignment becomes increasingly 

pronounced. Thus, a high degree of complementarity increases not only the benefits of collaboration, but 

also the potential dangers of interest misalignment (i.e., virtual bargaining achieves only a modest 

improvement over Nash reasoning in this case). 

TESTING VIRTUAL BARGAINING IN TEAM PRODUCTION 

How can management researchers operationalize our theoretical propositions into empirically testable 

hypotheses? To explore and test our propositions in different business contexts, we encourage considering 

two key aspects—measuring team performance and eliciting virtual bargaining. 

A natural approach is to use quantifiable measures of team performance where possible. In AD’s 

example of cargo lifting, where employees engage in synchronous manual work, the number and weight of 

moved objects are relatively easy to measure objectively (and offer a reasonable approximation of the 

team’s performance). In asynchronous knowledge work, however, measuring team performance (and, of 

course, individual contributions to that performance) is more challenging (e.g., in our example of creating 

a high-end headphone, team performance may include expert ratings of the headphone’s quality, sales in 

the first three months, or the quantity and quality of patents filed during the project). Thus, team 

performance is multi-dimensional, with some dimensions requiring subjective judgements (e.g., by 

observers or experts). Long-standing research in organizational behavior, management, and applied 

psychology has identified empirical challenges (e.g., Rico et al., 2008) and developed helpful guidance on 

measuring team performance (Salas, Reyes, & Woods, 2017)—including recommendations to adjust 

measurement strategies to the context, triangulate different methods (e.g., self-report, observation, and 

evaluation), and measure team outcomes repeatedly and unobtrusively. Moreover, researchers may find it 

beneficial to measure intermediate variables, such as the extent of shared knowledge and implicit 
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coordination (Rico et al., 2008), which will underpin successful virtual bargaining, in order to obtain a fuller 

picture of how teams achieve high performance. 

A second strategy starts by sorting people with different modes of reasoning through their choices. 

For example, researchers may present participants with different scenarios (e.g., through vignettes) or 

games (where the Nash equilibrium and the virtual bargaining equilibrium diverge). Indeed, participants 

could thereby self-select into a “Nash” or “virtual bargaining” environment (e.g., by adapting Lazear, 

Malmendier, & Weber’s (2012) method where individuals can opt into different environments). This helps 

mimic situations where employees self-select to companies or teams based on the corporate culture and 

prevailing mode of reasoning (Hamilton et al., 2003).17 People with different reasoning modes could then 

interact with one another in team production tasks, with the prediction that reasoning modes will influence 

team performance. Researchers may also ask participants to explain the reasoning that influenced their 

choices. The elicited propensity for virtual bargaining can then be combined with features of the task 

environment and team performance in order to test our theoretical propositions in field studies. 

Another approach is to elicit virtual bargaining more qualitatively in field studies. Researchers may, 

for example, ask different individuals involved in team production about the implicit rules that their 

interactions are governed by; what each one would do if the other did something unexpected, or if there 

were some unforeseeable crisis that meant they had to adjust their behavior with little time to communicate. 

The interviewees’ responses to such questions can help uncover their reasoning processes, their confidence 

in the relationship, their beliefs about their colleagues’ modes of reasoning, and their willingness to make 

relationship-specific investments. Moreover, comparing the team members’ choices, reasoning, beliefs, and 

their expectations of others, can help clarify how far they converge—thus underpinning, and strengthening, 

successful virtual bargaining. This research may extend to the employees’ perceptions of corporate culture, 

e.g., by eliciting how employees would interact with colleagues from a different department (with whom 

they may share less common knowledge and about whose reasoning they may have less information). How 

confident are employees that they would still be able to coordinate on a collaborative choice in a 

spontaneous interaction with a colleague? Such qualitative (and related quantitative) research could shed 
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crucial light on antecedents of virtual bargaining in organizations: does virtual bargaining correlate with 

individual traits; types of organizational structure; or types of interactions (e.g., a long history of working 

together)? 

Researchers may also attempt interventions that aim to manipulate the mode of reasoning used in 

a group and examine its effect on team production outcomes. This will be difficult in field studies, due to 

the influence of corporate culture and other confounds, but can be explored using lab experiments, which 

are becoming increasingly common in representing aspects of organizational behavior (e.g., Weber & 

Camerer, 2003). Researchers may attempt to enhance the participants’ virtual bargaining indirectly—e.g., 

by using team-building interventions (Klein et al., 2009)—or directly—e.g., by asking participants to 

complete cognitive tasks that mimic the virtual bargaining process (i.e., envisaging a virtual negotiation 

about an unenforceable agreement; entertaining the possibility that the counterpart either sticks to the 

bargain or best-responds; imagining the worst payoff of the two scenarios; and so on). 

Finally, researchers can design studies to isolate the effect of virtual bargaining from alternative 

mechanisms. The most foundational setting is to consider one-shot interactions to exclude the shadow of 

the future and reputation, which depend on repeated interactions. Further, researchers can contrast two types 

of settings: team production where individuals interact repeatedly (a) in similar ways across the consecutive 

stages of the project and (b) in very different ways, dynamically changing their roles in response to 

unpredictable changes in the environment (where virtual bargaining is likely to have an edge). 

The above considerations suggest the possibilities of rich, multi-method approaches to testing 

virtual bargaining in team production. Beyond empirical testing, interesting conceptual questions also arise. 

In the next sections, we explore the interplay between virtual bargaining, informal safeguards, 

communication, and broader considerations of the role of managers and the organization. 

INFORMAL SAFEGUARDS AND VIRTUAL BARGAINING IN TEAM PRODUCTION 

Informal safeguards (such as relational contracts and reputation; see Table 2) may interact with the modes 

of reasoning in an organization or group. As noted above, relational contracts based on Nash reasoning 

require pre-conditions that may not be met in a self-organizing environment. In the case of reputation, the 
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desirable outcome is attainable only if the parties have an initial reputation for preferring certain modes of 

behavior and share a common understanding of this reputation. When combined with virtual bargaining, 

relational contracts and reputation are likely to succeed despite the above constraints in many situations. 

Relational contracts and virtual bargaining 

We can think of relational contracts as a mechanism to reward (or punish) the participants’ adherence to 

(or violation of) the “spirit” of the collaborative contract—sustained by the shadow of the future. Virtual 

bargaining, by comparison, may induce participants to follow the “spirit” of the contract also in one-shot 

or short-term interactions. Relational contracts based on virtual bargaining may induce team members to 

construct a long-run virtual bargain that supports effort levels above those obtained through Nash reasoning. 

This long-run virtual bargain can have some elements of a conventional relational contract where under-

provision of effort is “punished” by periods of non-cooperation in the form of low effort levels. Therefore, 

virtual bargainers have a capacity, which might sometimes be limited, to coordinate on outcomes that yield 

better outcomes than those under conventional relational contracts. Repeated interaction may enable virtual 

bargainers to mitigate under-provision of effort even more effectively (compared with Nash reasoners), 

especially in dynamic environments. 

Moreover, virtual bargaining enters the problem of relational contracts at a more fundamental level, 

not focusing purely on the shadow of the future. Given some publicly agreed general principles and a new 

and unexpected situation, the involved parties need to coordinate to determine an appropriate response. For 

example, in a pipeline construction project interrupted by an unexpected military coup, the parties need to 

coordinate on which party is responsible for maintaining security, evacuating personnel, and safeguarding 

assets. Being able to coordinate effectively on these issues depends on virtual bargaining in two ways: first, 

unexpected events may leave little time for substantial amounts of explicit bargaining to occur; second, 

virtual bargaining is required to coordinate on expectations about what counts as “following the spirit of 

the contract”—so that parties do not inadvertently antagonize each other. In sum, managerial practices that 

rely on relational contracts (Gibbons & Henderson, 2012) are likely to be even more effective when 

combined with virtual bargaining rather than Nash reasoning. 
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Reputation and virtual bargaining 

Standard reputation models assume that agents interact repeatedly and are of specific types (Kreps & 

Wilson, 1982; Milgrom & Roberts, 1982). Some types have a fixed strategy: they act as an “automaton” 

and always behave in the same way, irrespective of what the other player does. Such automata can, for 

example, act and maintain a reputation for being hard workers, tough negotiators, and so on. In addition, 

some types of players can adapt their behavior. By mimicking an automaton, these adaptive types may 

achieve personal benefits. For instance, it may be beneficial for a worker to establish a reputation for being 

a hard worker or for having a conscience (Frank, 1987). 

How does reputation interact with virtual bargaining in team production? First, and most 

fundamentally, standard reputation models (based on Nash reasoning) depend on the observability of 

behavior and the possibility of ‘pinning’ particular behaviors of specific individuals (so that their behavior 

can help build their reputation). By contrast, the virtual bargaining mechanism can enable people to work 

hard also in one-off interactions, irrespective of whether their efforts are observable by others—purely 

because of the potential advantages that accrue within those one-off projects.  

For reputation to be an effective mechanism, managers need to make the effort made by different 

workers in a collaborative project as “public” as possible, to enhance the impact of reputation. In some 

contexts, this may be difficult (e.g., in the hardware and software collaborative project that we describe, 

due to the novel nature of the task being carried out by each party), and self-organized collaboration may 

fail. The virtual bargaining viewpoint, however, allows the possibility that collaboration can succeed: where 

the virtual bargain entails high effort for both parties, such that even if one party deviates (and best-

responds) to the bargain, the other (‘exploited’) party still does pretty well. 

Second, the virtual bargaining viewpoint provides a new ‘angle’ on what one wants to establish a 

reputation for. Individuals may have an incentive to establish a reputation not only for a fixed automaton-

type behavior, but also for adopting a particular mode of reasoning. A person may wish to establish a 

reputation for using virtual bargaining—and hence being ‘easy’ to collaborate with, where the team 

members’ efforts are complementary (e.g., in the Traveler’s Dilemma game); but to have a reputation for 



The Social Contract in Miniature 

28 

being less likely to make high effort in activities where the potential for exploitation is high (e.g., in the 

Prisoner’s Dilemma, they may want to avoid a reputation for being a person who can easily be exploited). 

The frequent practice of handing out awards to employees for embodying certain organizational values 

based on subjective criteria (rather than the traditional “employee of the month” based on objective output 

measures) may well represent a recognition that reputation-building based on adaptive, reasoning-based 

behavior is increasingly important for 21st-century organizations. 

A third aspect concerns the “mimicking” player type mentioned above. In contrast to standard 

reputation models, a reputation model with virtual bargaining requires more sophisticated mimicking. 

Specifically, a virtual bargainer does not permanently repeat the same action (like an automaton), but 

considers the strategic environment (e.g., degree of complementarity) and their partner’s mode of reasoning. 

Because virtual bargains offer a safeguard against deviations of the partner, mimicking virtual bargainers 

is relatively inexpensive (e.g., by comparison with mimicking “cooperativeness,” even in contexts which 

allow for the possibility of damaging exploitation). Indeed, an extensive experimental literature (Andreoni 

& Miller, 1993; Aoyagi, Fréchette, & Yuksel, 2021; Cooper et al., 1996) shows that participants often 

cooperate for longer periods than predicted by standard reputation models.  

Thus, a management approach based on standard reputation models would attempt to strengthen 

the beliefs of self-interested agents that some of their counterparts are hard-working “automata” (whose 

behavior is worth mimicking). By comparison, managerial practices based on virtual bargaining involve a 

different “message” to employees, focusing on promoting collaborative reasoning and common goals. 

THE ROLE OF MANAGERS AND THE ORGANIZATION 

Although our analysis has mainly focused on the self-organizing team, the managers and organization play 

a crucial role. Consistent with AD’s theory, managers need to collect information about employees’ skill 

sets and find opportunities for profitable team production (Alchian & Demsetz, 1972: 793). Then, managers 

need to analyze the team production activities in the organization, and decide where to apply which 

management approach: (a) applying the social contract in miniature with self-organization and virtual 

bargaining; (b) assigning a specialized monitor (e.g., where the assigned team leader can easily observe the 
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team members’ efforts, and the benefits of assigning such a team leader are greater than the costs); (c) using 

other hierarchical methods (such as directly assigning tasks where managers have good knowledge of a 

standardized production process); or (d) applying high-powered individual incentives (e.g., if an individual 

has a unique talent that is crucial for the organization, but is known to lack the reasoning and social skills 

for collaborative team production). Our paper’s propositions can help managers identify and shape the task 

environments where the social contract in miniature is likely to be the most beneficial approach.18 When 

applying the social contract in miniature, managers need to consider options for influencing the team 

production environment (e.g., by shaping the factors that affect the team members’ “worst payoffs” and 

outcomes from virtual bargaining). Further, managers need to help the self-organizing teams create, 

maintain, and repair the social contract—which includes nurturing a culture and creating communication 

structures that support virtual bargaining as a collaborative mindset, as we discuss below. 

Influencing the task environment in organizations 

Where managers decide that the social contract in miniature is a suitable approach, they can influence the 

task environment to facilitate productive collaborations in these interactions, in line with the propositions 

developed above. We discuss these dimensions of the task environment in turn. 

The first dimension—the degree of complementarity among team members’ efforts—depends to a 

large extent on the selection of employees. One example is collaboration in academic research, where 

scholars spontaneously form teams and work on temporary projects (which may develop into a longer-term 

stream of projects). Our analysis suggests that if scholars have highly complementary skills, virtual 

bargaining can lead to substantially better outcomes than Nash reasoning in these interactions. If their skills 

are substitutable, collaboration may still be beneficial (e.g., if they have to work toward a deadline that one 

person alone cannot reach), but neither Nash reasoning nor virtual bargaining may sufficiently alleviate the 

shirking/hold-up problems—thus, a clear division of tasks and measurement of individual contributions 

may be crucial. 

Moreover, managers can foster complementarity by supporting employees’ self-selection to these 

project teams. Managers can advertise existing workers’ skills across the organization to help fill skills 
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gaps. Furthermore, giving teams a say on who joins as a new member is likely to facilitate recruitment of 

individuals who can make valuable, complementary contributions (and, indeed, teams will also likely 

choose colleagues who follow their preferred mode of reasoning). The more such decisions are made by 

mutual agreement, or are aligned with what would be agreed by the parties, the more cohesively the team 

is likely to function: virtual bargaining within the team is likely to work best where team composition is 

itself the result of a real or virtual bargain. Finally, managers can arrange the provision of training to build 

up specialized skills within a group to enhance complementarity. Training could also aim to reduce the 

dominance of individual team members (Ethiraj and Garg (2012) found that dominance tends to reduce 

complementarity in teams). 

The individuals’ marginal cost of effort (informally: the “degree of exhaustion”), too, is susceptible 

to managerial influence. In part, it depends on the workers’ dispositional ability (Gould & Winter, 2009)—

thus, recruitment needs to consider corresponding personal attributes, in addition to the required skills. 

Managers can also reduce the workers’ marginal cost of effort by improving the fit between their ability 

and their tasks, and by investing in technology that makes their tasks less effortful (a consideration that is, 

with regard to physical effort, becoming increasingly important with ageing workforces in many developed 

economies). Finally, a key challenge in organizations is that employees often sign up to more projects than 

they can handle (e.g., Foss, 2003). Then, any additional effort is likely to be very exhausting, and employees 

may underinvest in many collaborative projects, rather than focusing their attention on a few. A time-

management system can mitigate this problem. 

Managers can also attempt to improve the degree to which interests are aligned within project 

teams. This consideration is particularly important for teams with asymmetric interdependence among team 

members, such as in the case of “star performers” (Aguinis & O'Boyle, 2014; Kehoe, Lepak, & Bentley, 

2018; Kehoe & Tzabbar, 2015). A “star” member, whose contribution is disproportionately important, may 

need to earn a corresponding share of the gross benefit for virtual bargaining to have the best effect. 

However, this may be difficult to achieve if the gross benefit is non-transferable: other team members may 

benefit from working with the star by enhancing their status and learning experience, and these intangible 
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benefits cannot be transferred from them to the star. Thus, in some circumstances, it might be efficient to 

grant the star an over-proportionate share of the transferable benefits. 

Some cautionary notes on disproportionate rewards for stars are, though, important. First, stars may 

be pro-socially motivated to work with “non-stars,” and virtual bargaining can take such preferences into 

account. Prosocial preferences may enhance the star’s non-monetary payoffs (e.g., the star delights in the 

success of her protégés), thereby leading to a virtual bargain involving lower monetary payments. Second, 

for outside observers, such as senior managers, the relative importance of team members’ contributions 

may be unknown and hard to determine (Agrawal, McHale, & Oettl, 2014; Azoulay, Zivin, & Wang, 2010). 

For example, senior managers might treat a “star” member as the predominant contributor to the team’s 

performance, although this contribution may depend crucially on other team member’s complementary 

efforts, knowledge, or abilities (see, e.g., Groysberg, Lee, & Nanda, 2008 for a study on star analysts). 

Therefore, managers need to consider the dangers of imposing reward structures on self-organizing teams, 

so that these reward structures do not inadvertently diverge from what the team members would arrive at 

through virtual bargaining, thereby increasing the misalignment of interests. 

Creating, maintaining, and repairing the social contract in teams 

Where managers apply the social contract in miniature approach, managers need to promote virtual 

bargaining as a mode of reasoning. Based on the empirical evidence on the Traveler’s Dilemma cited above, 

it is possible that some people will choose Nash reasoning, or virtual bargaining, under almost any 

circumstance. But for many individuals, the adopted mode of reasoning is likely susceptible to external 

influence. First, management practices can influence the extent to which people think of themselves as 

‘bargaining’ with others (rather than, e.g., directly attempting to pursue one’s own goals, taking others’ 

behavior as fixed). For example, teambuilding interventions (Klein et al., 2009; Tannenbaum, Beard, & 

Salas, 1992) can help shape such beliefs. Second, managerial practices that affect common ground (i.e., 

common goals, background knowledge, and cultural expectations) will impact how well virtual bargaining 

is likely to work—i.e., how well people will be able to successfully alight on the same bargain, through a 

process of mental simulation. Third, management may, to some degree, ‘prime’ the virtual bargaining mode 
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of reasoning itself, by acting as role models, promoting training and socialization, and establishing a shared 

norm of reasoning about mutual benefits. 

Moreover, managers need to help the self-organizing teams create, maintain, and repair the social 

contract within teams. Existing literature on psychological contracts and trust repair (Coyle-Shapiro & 

Parzefall, 2008; Cullinane & Dundon, 2006; Morrison & Robinson, 1997; Robinson & Morrison, 2000; 

Rousseau, 1995; Rousseau & Shperling, 2003) provides a valuable foundation for understanding these 

processes. This literature entertains the idea that actors exhibit a “willingness to be vulnerable to another 

party” (Schoorman, Mayer, & Davis, 2007: 347), which is similar to virtual bargaining, as it allows for 

bargains where an agent’s counterpart could gain by deviating from a bargain and best-responding. 

However, the social contract in miniature takes a slightly different angle. Although the existing 

literature focuses on psychological contracts between an employee and an anthropomorphic organization 

(e.g., Morrison & Robinson, 1997), or between supervisors and employees (Schoorman & Ballinger, 2006; 

Schoorman, Mayer, & Davis, 1996), the social contract in miniature emphasizes peer-to-peer agreements 

between team members. In a team left to itself, a team member’s behavior (e.g., constant undercutting in 

effort levels; or ex-post haggling over the surplus) may corrode the spirit of collaboration. Thus, managers 

need to help facilitate the attributional, social, and structural processes (Dirks, Lewicki, & Zaheer, 2009) 

for repairing the relationships among team members. Simultaneously, they need to be mindful of the 

problem of “selective intervention,” i.e., the perception that managers should not intervene in decision-

making that they have delegated to a self-organizing team (e.g., Foss, 2003). Therefore, managers need to 

make clear that—as part of the social contract—they retain a narrowly defined authority to facilitate 

productive relationships among team members where necessary. 

How communication supports virtual bargaining in team production 

An important aspect of nurturing the social contract is to create suitable communication structures that 

support virtual bargaining. We mentioned above the challenge of “cheap talk” (Farrell & Rabin, 1996) 

when team members attempt to coordinate their effort levels through communication—which applies to 

both AD’s theory and our team production approach. Nonetheless, research shows that communication can 
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positively affect collaboration above and beyond the effects of economic incentives (e.g., Agarwal, Croson, 

& Mahoney, 2010). 

The virtual bargaining account highlights mechanisms through which communication can improve 

outcomes in team production. First, there may be a lack of common understanding about the outcome of 

the mental simulation where several “equally good” bargains exist (e.g., coordinating on a common 

documentation or product standards, using the same software, or simply aligning timelines, where the 

different options offer similar benefits). In our formal team production analysis, this problem does not arise 

(i.e., the virtual bargaining equilibrium is unique). But in many organizational contexts, coordination on 

innumerable details is of considerable importance for working together successfully. 

Second, communication helps participants (a) assure themselves that the other team members are 

inclined to look for good virtual bargains; (b) convince one another to embrace a collaborative mode of 

reasoning (if (a) is not given) and reinforce mutually beneficial virtual bargaining as a shared norm; (c) 

assure themselves that the others have arrived at the same virtual bargain; and (d) better understand one 

another’s beliefs and incentives to facilitate the simulated bargaining process. This communication need 

not cover all possible agreements, because virtual bargaining will already have narrowed down the bargains 

that are potentially mutually agreeable. Moreover, a communicated suggestion is likely to be more 

persuasive if it coincides with a virtual bargain. In many cases, it will be sufficient that a participant 

highlights a virtual bargain, for example, by saying, “This would be a good course of action for all of us.” 

Establishing a shared norm of virtual bargaining, training, and fostering communication between 

employees may help them mitigate hold-up problems and coordinate on higher effort levels, leading to 

better team outcomes. But these approaches are, of course, costly to implement. Indeed, in some team 

settings (e.g., in call centers), where most actions are observable and few spontaneous interactions between 

employees are required, it may be inexpensive to enforce effort levels of team members through hierarchical 

intervention. Therefore, the investment in enhanced virtual bargaining—to enable team members to 

enhance effort levels in a self-organizing manner, without hierarchical intervention—may not be efficient. 

However, in team settings with fewer observable actions, and/or where the teams’ projects are idiosyncratic 
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rather than routine (e.g., in research, product development, consultancy, and so on), this investment is more 

likely to pay off.  

BOUNDARY CONDITIONS FOR VIRTUAL BARGAINING IN TEAM PRODUCTION 

Virtual bargaining has important boundary conditions in team production, i.e., it rests on assumptions that 

are not universally valid. The boundary conditions arise from at least two pillars of virtual bargaining.  

The first foundational pillar is the assumption that employees are able (and willing) to mentally 

simulate a virtual bargaining process with their colleagues. This requires individuals to take other people’s 

perspective, and to reason about potential agreements they could alight upon. Further, especially in the 

sequential game, an important boundary condition is the ability of agents to trust themselves to ‘go through’ 

with commitments to future courses of action.19 The ability and willingness to engage in a mental process 

of virtual bargaining can depend on individual traits and situational features.  

Regarding individual traits, existing concepts in the literature represent potential antecedents of 

virtual bargaining. For example, Van Doesum, Van Lange and Van Lange (2013: 86) describe social 

mindfulness as a “skill and will to navigate the social world,” which comprises “a process of both 

[cognitive] perspective taking and [affective] empathic concern.” For virtual bargaining, the element of 

perspective taking, which has neural correlates in the human brain (Amodio & Frith, 2006), is crucial—

though empathic concern is not required. Interestingly, Van Doesum et al. (2013) found that social 

mindfulness correlated with specific personality traits, and that individuals made more favorable judgments 

of people with high social mindfulness. Relatedly, recent research suggests that the notion of 

“reasonableness” may reflect a distinct standard of reasoning, whereby individuals are socially conscious 

and aim to balance competing viewpoints (Grossmann & Eibach, 2021; Grossmann et al., 2020). Both 

social mindfulness and reasonableness are likely to facilitate the mental process of virtual bargaining. 

Although individual traits are important, situational features of the organizational context can also 

nurture or inhibit the employees’ ability and willingness to engage in virtual bargaining. Such situational 

features may include: the clarity of who is included/excluded in the team that is virtually bargaining; the 

management’s emphasis on achieving common goals; the history of common interactions in the team; the 



The Social Contract in Miniature 

35 

use of teambuilding interventions; and the frequency and form of communication between employees. An 

organization’s management can influence many of these situational features to foster virtual bargaining. 

The second foundational pillar is the assumption that team members are able to agree on the same 

“virtual” bargain, which requires them to share a sufficient amount of common ground—i.e., knowledge 

that the team members share, and know that they share (Clark, 1996). For example, Srikanth and Puranam 

(2011) apply the concept of common ground in the management field to organizational projects, and 

emphasize the importance of common ground in enabling employees to coordinate in a tacit manner (see 

also Postrel (2002) and Hoopes and Postrel (1999) for related work on shared knowledge in teams). 

The more common ground the team members share, the better they will be able to agree on the 

same virtual bargain. Based on our paper’s formal model, common ground may involve characteristics of 

the game, including the knowledge of the “rules” of the game (i.e., the available moves, the sequence of 

the moves, and the available information at different points in the game), the payoff structure, and whether 

the other team member is adopting virtual bargaining as a mode of reasoning. As discussed in the Traveler’s 

Dilemma, people often make choices consistent with virtual bargaining even in anonymous settings, where 

they do not know the other person. In such a simple game, specific knowledge about the other person and 

their context is not required in order to pin down an ‘obvious’ best bargain. In richer managerial contexts, 

however, employees will require enough common ground (e.g., through shared history, and prior 

communication) to enable them to alight on a mutually beneficial virtual bargain. 

An organization’s management can influence the extent of common ground in teams, and the 

measures to do so partly overlap with those that nurture employees’ willingness and ability to virtually 

bargain (noted above). For example, a history of common interactions among team members, and frequent 

and rich communication among them, can enhance both pillars. Furthermore, management needs to be 

aware that merging different departments or organizations can bring together employees who may have 

relatively little common ground, and that building new common ground can take considerable time. 

Further, managers can use human resource management (HRM) practices to influence both pillars 

of virtual bargaining. Future research may examine how specific HRM practices (e.g., concerning employee 
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selection, employee participation, incentives, and training) can improve the conditions for virtual 

bargaining (e.g., the two above-mentioned pillars), which, in turn, can improve team outcomes. An 

important question is whether some HRM practices intended to enhance collaboration might inadvertently 

weaken virtual bargaining and perhaps even undermine collaboration (e.g., a merit-based pay system that 

may insufficiently take into account the complementarities between individuals’ skills sets). Theoretical 

modelling and empirical comparisons will be useful to shed light on these questions. 

IMPLICATIONS FOR ORGANIZATIONAL ECONOMIC APPROACHES AND COMPETITIVE ADVANTAGE 

So far, the primary reference point for our team production approach has been AD’s team production theory, 

which belongs to the classical property rights theory (PRT). Related strands of literature include modern 

PRT (Grossman & Hart, 1986; Hart & Moore, 1990), transaction cost economics (TCE) (Williamson, 1975, 

1991), and resource-based approaches (Barney, 1991). Below we sketch some intersections between these 

views and our approach, which can be explored in future research. 

In classical PRT, Alchian and Demsetz (1972: 777) posit that “the firm (…) has no power of fiat, 

no authority, no disciplinary action any different in the slightest degree from ordinary market contracting 

(…).” This viewpoint contrasts starkly with TCE. Williamson (1991: 276) asserts that “firms can and do 

exercise fiat that markets cannot,” because contract law enables firms to act as their own court of appeal 

for most internal disputes. In TCE’s view, the use of fiat—within the employees’ “zone of acceptance” 

(Simon, 1947)—is a crucial mechanism to mitigate hold-up problems in firms and achieve unprogrammed 

adaptation. In modern PRT, Hart and Moore (1990: 1150) aim to mediate between these opposing 

viewpoints by suggesting that firms are able to use authority, not because of contract law, but because they 

have the power to exclude people from using the firm’s (tangible and intangible) assets. 

In comparison, our approach de-emphasizes fiat and stresses the importance of self-organization in 

21st-century organizations in order to achieve the same objectives of mitigating hold-up problems and 

adapting to rapidly changing circumstances (Gibbons, 2005). Rather than being micro-managed, virtual 

bargainers adopt a collaborative mindset and can thus achieve good outcomes in a self-organizing manner. 

The role for managers, then, is to create appropriate conditions in terms of (a) shaping the work environment 
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along the conceptual dimensions identified in our analysis (e.g., the degree of complementarity), (b) 

communicating relevant knowledge and objectives to provide the right common knowledge upon which 

teams can virtually bargain successfully, and (c) promoting a corporate culture that supports virtual 

bargaining as a mode of reasoning. Williamson’s (1991) observation that courts avoid getting involved in 

the firm’s internal disputes may support self-organization too: closing off the path for team members to go 

to court may reinforce their inclination to “sort things out” using a collaborative mindset. Conversely, 

virtual bargaining may be hard to nurture in firms where employees face a very competitive environment 

(e.g., in the form of winner-takes-all mechanisms): high-powered relative performance incentives may at 

least partially crowd out collaborative reasoning. 

Similar to our approach, modern PRT uses a formal (i.e., mathematical) approach to predicting 

outcomes—relying on the Nash equilibrium as a solution concept. How would these predictions change if 

modern PRT were modified to incorporate virtual bargaining? The model in our paper can be interpreted 

as a PRT model where parameters 𝛼1 and 𝛼2 represent the residual income rights of players 1 and 2, 

respectively. These income rights are non-contractible and inalienable from asset ownership (see, e.g., 

Segal & Whinston, 2013). Thus, a player who receives an ownership share 𝛼𝑖 will receive the same share 

of the total residual income. Under this interpretation, all of the propositions in the paper can be cast as 

characterizing efficiency characteristics of different asset ownership structures. 

Future research can continue this path to analyze implications for the boundaries of the firm based 

on virtual bargaining, rather than conventional Nash reasoning assumed in standard economic analysis. Are 

firms better equipped (than markets or alliances) to promote a culture, and communicate the relevant 

common knowledge, that supports virtual bargaining as a mode of reasoning? If so, then the outcome may 

be consistent with Williamson’s (2002) suggestion that firms have lower incentive intensity—because, as 

our sequential game analysis demonstrates, virtual bargainers can achieve a productive collaboration with 

lower and less skewed incentives than Nash reasoners. 

Further, virtual bargains that emerge in spontaneous interactions can gradually become entrenched 

as social norms—or even become written rules—over time. This can lead to a “scaffolding” of rules about 
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“the way we do things round here,” whereby former virtual bargains become norms or rules that serve as 

precedents for future virtual bargains. Thus, virtual bargaining may provide a mechanism for generating 

the complex network of norms and informal rules that govern interactions between people. Does this 

scaffolding process develop more easily inside firms (perhaps because the firm offers a more stable 

environment than markets for rules to be layered upon one another)? If so, the outcome would be consistent 

with Williamson’s (2002) suggestion that administrative roles are more numerous and more nuanced in 

firms than in markets. 

Note, too, that our approach is entirely compatible with the possibility of opportunism—defined as 

“self-interest seeking with guile” (Williamson, 1996: 49)—emphasized by TCE. We can think of 

opportunism as a mix of preferences (“self-interest”) and reasoning (“with guile”). For Nash reasoners, 

guile may be interpreted as choosing a Nash equilibrium (i.e., choosing 1 in the Traveler’s Dilemma), but 

for virtual bargainers, it involves best-responding to the virtual bargain (e.g., in the Traveler’s Dilemma, 

the agent best-responds to the bargain (10, 10) by choosing 9). Thus, opportunism does not lead to the same 

behavior in the two modes of reasoning. Of course, in the above example, the virtual bargainer may learn 

that her counterpart was a Nash reasoner—and may adapt her behavior accordingly in a future (perhaps 

entirely different) project. This problem highlights, as we noted, the importance of promoting a corporate 

culture20 that supports virtual bargaining: the more employees adopt virtual bargaining as a mode of 

reasoning, the more likely they are to interact with other virtual bargainers, and the more sustainable high 

team performance will be. These considerations also highlight the importance of maintaining a reputation 

for virtual bargaining; and nurturing a corporate environment that facilitates establishing and valuing such 

reputations (which may be difficult if employee turnover is very high). 

Another crucial consideration is that market frictions help explain not only the boundaries of the 

firm (as discussed above) but also why some firms outperform others (Mahoney, 2001; Mahoney & Qian, 

2013). That is, some firms may be better able to promote virtual bargaining as a mode of reasoning among 

employees than others. This capability is likely to be rooted in corporate culture and thereby to satisfy the 

requirements of uniqueness (e.g., each firm tends to have its own history and cultural development) and 
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causal ambiguity (e.g., given its intangibility, explaining which specific actions led to a prevailing mode of 

reasoning inside a firm is difficult). Capabilities rooted in corporate culture often constitute isolating 

mechanisms that may lead to superior firm performance (e.g., Barney, 1986). Further, the ability to mitigate 

hold-up problems is often crucial for realizing resource complementarities and competitive advantage 

(Argyres et al., 2012; Argyres & Zenger, 2012; Mahoney & Pandian, 1992; Nickerson & Zenger, 2004). 

CONCLUSION 

This paper has examined how individuals’ mode of reasoning underpins “social contracts” of the 

organization—focusing on the coordination of effort as an important aspect. Indeed, the self-organizing 

coordination of effort may be increasingly crucial in the modern work environment, where instead of 

carrying out similar (and substitutable) tasks, team members often need to combine their efforts in flexible, 

complementary, and novel ways. Moreover, such work is often carried out remotely with diminished 

possibilities to monitor one another’s efforts in real time. The importance of knowledge work, rapid 

response to changes, and dispersed collaboration create challenges for team production. The ability of team 

members to strike spontaneous bargains is often essential for organizations. We have seen that virtual 

bargaining can, under certain conditions, create large benefits for both employees and the organization, 

when contrasted with individualistic Nash reasoning. 

More broadly, we suggest that virtual bargaining is crucial to the cohesion of organizational norms 

and culture more generally. If individuals primarily reason individualistically, social contracts that the 

organization seeks to establish will be subject to corrosion, unless people are heavily controlled and 

monitored (and the controllers, too) or robust relational/reputational mechanisms are present. As soon as it 

pays to diverge from the “rules,” individualistic reasoners will do so; and they may assume others likewise 

to be individualistic reasoners, which can lead to breakdowns of trust in any rules or agreements being 

followed. Virtual bargainers, by contrast, while concerned about their own interests, choose their actions 

mindful of the fact that others may follow the agreement, or that they might best-respond. And this is likely 

to have a powerful stabilizing effect on rule adherence. 
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NOTES

 

1 In this paper, we focus primarily on teams consisting of individuals, due to our emphasis on the cognitive 

mechanisms underpinning joint production. For stakeholder groups, multilevel issues may arise (for AD’s and 

our own approach). How does a stakeholder group reason? Can we conceive of such an entity as an agent with 

its own objectives? What happens when individuals enter or exit the group? These questions go beyond the scope 

of our paper, but offer very interesting avenues for future research. 

 
2 That is, the agreements between individuals do not require enforcement by a third party. 

 
3 The social contract may also involve aspects of moral reasoning (Van Oosterhout, Heugens, & Kaptein, 2006), 

which is not the main focus in this paper, although aspects of moral reasoning, too, may be analyzed from a 

virtual bargaining perspective (e.g., Chater, Zeitoun, & Melkonyan, 2019). 

 
4 We distinguish the mode of reasoning in interactions, of interest here, from the very different question in the 

cognitive sciences of how people carry out verbal reasoning (e.g., Oaksford & Chater, 2020). 

 
5 Sophisticated proposals have been made concerning how agreements might both arise and be respected within 

an individualist rational choice viewpoint, for example, focusing on viewing norms and rules as arising through 

cultural evolution (Binmore, 1994; Gintis, 2014; Skyrms, 2014). We note, though, that norms and rules are often 

negotiated and debated. Elements of the social contract are the products of reason about what a team, 

organization, or society can (or, hypothetically, would) agree. 

 
6 We can view a bargain as a local social contract, in contrast to Hobbes’ social contract governing the whole of 

society. Nonetheless, from the present viewpoint, it seems natural to see the fabric of society as governing by 

interlocking local social contracts, each potentially subject to modification; and the idea of an overarching social 

contract governing the state as a whole may be an unnecessary abstraction. 

 
7 Virtual bargaining differs from “team reasoning,” where an individual potentially ignores their own payoff and 

asks, “What is the best course of action for the team as a whole, and how can I play my part in it?” (Bacharach, 

Gold, & Sugden, 2006; Colman & Gold, 2018). 

 
8 Interestingly, if either party attempted to spell out each person’s tacit commitments under a wide variety of 

circumstances, and perhaps even to sign a contract to this effect, this would likely be met with some combination 

of bafflement, irritation, and suspicion. Where the tacit bargain is clear to both parties, or at least the expectation 

exists that the tacit bargain will become clear when the need arises, tacit bargains may be socially more natural 

and desirable than the corresponding explicit agreement. The same point likely applies in organizational contexts 

more broadly—indeed, spelling out rules that are already commonly agreed may potentially be resisted, although 

we do not pursue this further here. 

 
9 See also Ismail (2014) for the related, but different concept of maximin equilibrium, where players consider 

better-responding (rather than best-responding) deviations. Maximin equilibrium either coincides with, or 

diverges from, virtual bargaining equilibrium, depending on the type of interaction. 

 
10 The discussion of the Traveler’s Dilemma draws on Melkonyan, Zeitoun, and Chater (2018). 

 
11 An important, but distinct, earlier literature in psychology, sociology, and management focuses not on the 

process of reaching agreements, as here, but on whether participants feel such agreements are equitable or fair 

(Adams, 1965; Pritchard, 1969). This literature has been highly influential concerning the relationship between 

the contribution (e.g., effort and skills) of participants, typically in organizational contexts, and what is perceived 
as a fair distribution of reward. The concept of virtual bargaining also applies more broadly, e.g., to agreements, 
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norms, conventions, and rules of any kind, including the distribution of reward. Virtual bargaining takes the 

(simulated) process of bargaining as foundational and would potentially seek to explain fairness in terms of 

attainable bargains. 

 
12 Predicting when individuals switch between goal frames is a challenging theoretical problem (Bardsley et al., 

2010; Lindenberg, 2013). Whether goal-framing theory or virtual bargaining constitutes a better representation 

of the human brain is difficult to resolve empirically. Both approaches have a strong explanatory power in many 

situations (Lindenberg & Foss, 2011; Melkonyan, Zeitoun, & Chater, 2018, 2022; Misyak et al., 2014). We 

consider the two approaches as complementary. 

 
13 We analyze the conditions under which a grim-trigger strategy emerges from reasoning. This is different from 

the type-based approach (see Table 2) where a grim-trigger “type” uses the grim-trigger strategy all the time, 

regardless of the type of interaction and the payoff structure. 

 
14 Formally, the players identify the Nash equilibrium of the stage where the players hold each other up, and use 

the resulting continuation payoffs to guide behavior in the stage where they choose their effort levels. 

 
15 In general, the rate of change in the marginal cost is itself non-constant. That is, the third-order derivative of 

the cost function is non-zero. To simplify matters, we refer to the rate of change in the marginal cost, which is 

the precise terminology only in the case of linear and quadratic cost functions. 

 
16 When team members’ interests are aligned, any difference in the importance of their contributions has a direct 

effect on their share of the gross benefit. Therefore, if H’s contribution is more important than S’s, then H will 

have an incentive to exert higher, and S to exert lower, effort under aligned interests. Given that the absolute 

effort level under virtual bargaining is higher than under Nash reasoning (see Baseline), this direct effect will 

cause the curve h1 to be above s1. However, we also need to consider indirect effects. For example, H’s increase 

in effort has a positive spillover on S, thus mitigating S’s reduction in effort. If the importance of H’s and S’s 

contributions is sufficiently different, the direct effect dominates such indirect effects, and Figure 3 therefore 

offers a good representation. 

 
17 Hamilton et al.’s (2003) study provides empirical evidence that supports central aspects of our theoretical 

framework. In an intriguing setting, the study analyzes how an organization moved to a team structure with 

partial self-selection. The findings include productivity improvements that are consistent with processes of 

intrateam bargaining and with a crucial role of ‘collaborative skills’ in improving team outcomes. 

 
18 The managerial practices that promote virtual bargaining can be beneficial under many circumstances, but the 

benefits from these practices will be much greater under the conditions identified in our paper’s propositions. 

As these managerial practices are costly, managers need to focus the organization’s limited resources and apply 

them where they expect the greatest benefits. 

 
19 We thank an anonymous reviewer for highlighting the possibility of combining virtual bargaining with models 

of commitment in intertemporal choice, and for suggesting an approach based on ‘multiple-selves’ modelling 

(e.g., Fudenberg & Levine, 2006). We think such an approach opens very interesting avenues for future research, 

though it goes beyond the scope of the present paper. 

 
20 Note that corporate culture may support not only virtual bargaining but also relational contracts and reputation 

(Camerer & Vepsalainen, 1988). 
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APPENDIX A: SEQUENTIAL TEAM PRODUCTION 

This technical appendix formally supports our propositions in the main body using standard game theoretic 

annotation. For sequential games of complete information, two main conceptualizations of Nash reasoning 

and virtual bargaining exist: normal-form and extensive-form equilibrium. The normal-form equilibria are 

obtained by converting the extensive-form game into the corresponding normal form and then applying the 

relevant concept—i.e., the Nash equilibrium (NE) or the virtual bargaining equilibrium (VBE)—to this 

normal form. These normal-form equilibria entail an assumption that players can commit to some strategies 

that specify the players’ actions for the whole course of their interaction. The extensive-form equilibria, in 

contrast, reflect a process of reasoning where the players re-evaluate their strategy at each stage of the 

interaction. For Nash reasoning, the corresponding notion for games of complete information is the 

subgame perfect (SP) equilibrium (which aims to rule out all “empty threats” and “empty promises,” see 

Selten, 1975), whereas for virtual bargaining, a similar concept would be the subgame virtual bargaining 

equilibrium (SVBE) (stipulating that at any point in the interaction players can virtually renegotiate 

previously formed virtual bargains). In sequential games, the standard concept for virtual bargaining is the 

VBE (see Melkonyan, Zeitoun, & Chater, 2022 for a discussion), whereas the standard concept for Nash 

reasoning is the SP—for which we contrast the outcomes below. 

We impose the natural assumption that the players’ shares of the total benefit can add up to a 

maximum of 100 percent, i.e., 𝛼1 + 𝛼2 ≤ 1. If 𝛼𝑖 <
𝐶

𝐵−𝑏
 for 𝑖 = 1,2, then, by the logic of backward 

induction, any SP equilibrium will entail low effort by both players in all stages of the game for all possible 

histories of the game. The total gross value of the product design will be equal to 10𝑏. The total effort cost 

will be equal to 0. Thus, the total net value of the team project will be equal to 10𝑏. 

The SP equilibrium will entail high effort by both players in all stages only if 𝐺 ≥ 2𝐶. Player 𝑖 will 

prefer high to low effort if and only if 𝛼𝑖𝐺 − 𝐶 ≥ 0. Hence, both players will prefer high to low effort only 

if (𝛼1 + 𝛼2)𝐺 − 2𝐶 ≥ 0. Using the last inequality and 𝛼1 + 𝛼2 ≤ 1, we obtain that 𝐺 − 2𝐶 ≥ 0 is a 

necessary condition for both players to choose high effort. It also follows from the above that, as long as 
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𝐺 − 2𝐶 ≥ 0, one can choose 𝛼1 and 𝛼2 so that 𝛼𝑖𝐺 − 𝐶 ≥ 0 (which is equivalent to player 𝑖 preferring 

high to low effort). 

In the remaining analysis, we rule out this case (𝐺 ≥ 2𝐶) where the first-best can be achieved under 

the SP equilibrium. If 𝛼𝑖 ≥
𝐶

𝐵−𝑏
 (correspondingly, 𝛼𝑗 ≤ 1 −

𝐶

𝐵−𝑏
 for 𝑗 ≠ 𝑖), then any SP equilibrium of the 

game will entail high effort by player 𝑖 and low effort by player 𝑗 in all stages of the game for all possible 

histories of the game. In this case, the total gross value of the product design will be equal to 5𝑏 + 5𝐵 =

5(𝑏 + 𝐵). The total effort cost will be equal to 5𝐶. Thus, the total net value of the team project will be 

equal to 5(𝑏 + 𝐵 − 𝐶). Note also that the amount of 5(𝑏 + 𝐵 − 𝐶) is the upper bound on the total net value 

in any SP equilibrium of the game (for any constellation of parameters 𝛼1 and 𝛼2 with 𝛼1 + 𝛼2 ≤ 1). In 

other words, the best that can be achieved in any SP equilibrium is an outcome where only one of the players 

chooses high effort in all stages. 

Consider now the virtual bargaining equilibrium (VBE). We show below that as long as 𝛼1 and 𝛼2 

are at least 
𝐶

2(𝐵−𝑏)
, the game has a VBE where both players choose high effort in all stages of the game as 

long as the opponent has chosen high effort in all preceding stages and choose low effort after the opponents 

chooses low. A player following such a strategy will be said to be playing a grim trigger strategy. When 

the two players follow the grim trigger strategies, the total gross value of the product design will be equal 

to 10𝐵. The total effort cost will be equal to 10𝐶. Thus, the total net value of the team project will be equal 

to 10(𝐵 − 𝐶). 

Consider the strategy profile where both players play the grim trigger strategy. In what follows, we 

assume that 𝛼1, 𝛼2 <
𝐶

𝐵−𝑏
 (the analysis of other cases is identical). A best response for Player 2 to Player 

1’s strategy is to choose high effort in stages 2, 4, 6, and 8 and to choose low effort in stage 10. To verify 

this claim, suppose that Player 2 chooses low effort for the first time in stage 8 instead of stage 10. Her net 

gain compared to the strategy where she chooses low effort only in stage 10 will be equal to 𝛼2(𝑏 + 𝑏) −

(𝛼2(𝐵 + 𝐵) − 𝐶) = 𝐶 − 2𝛼2(𝐵 − 𝑏) < 0 since 𝛼2 >
𝐶

2(𝐵−𝑏)
. Thus, the strategy where Player 2 chooses 
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low effort for the first time in stage 8 is strictly worse than the strategy where she chooses low only in stage 

10. The strategies where Player 2 chooses low effort earlier than stage 8 are even worse. 

Hence, the worst payoff to Player 1 from the strategy profile where each player follows the grim 

trigger strategy is equal to 𝛼1(9𝐵 + 𝑏) − 5𝐶. The best response for Player 1 to Player 2’s strategy is to play 

the grim trigger strategy which entails choosing high effort in all stages. Thus, Player 2’s worst payoff from 

the pair of grim trigger strategies is equal to 𝛼2(10𝐵) − 5𝐶. 

To verify that the pair of grim trigger strategies is a feasible agreement, consider a deviation by 

Player 1. Let 𝑘 = 1,3,5,7,9 denote the first stage that Player 1 deviates. Given that Player 2 chooses the 

grim trigger strategy, Player 1’s payoff from a strategy where she chooses low effort in all stages after and 

including stage 𝑘 will be equal to 𝛼1((𝑘 − 1)𝐵 + (10 − 𝑘 + 1)𝑏) −
𝑘−1

2
∙ 𝐶. 

A best response for Player 2 to Player 1’s strategy of choosing low effort in all stages after and 

including stage 𝑘 and choosing high effort in all stages preceding stage 𝑘 is to choose high effort in the 

stages (if any) preceding stage 𝑘 − 1 and to choose low effort in all stages after and including stage 𝑘 − 1. 

Player 1’s payoff when Player 2 plays this best response is equal to 𝛼1((𝑘 − 2)𝐵 + (10 − 𝑘 + 2)𝑏) −
𝑘−1

2
∙

𝐶. Hence, Player 1’s worst payoff for the strategy profile where she deviates from the grim trigger strategy 

in stage 𝑘 while Player 2 plays the grim trigger strategy is equal to 𝑚𝑖𝑛 {𝛼1((𝑘 − 1)𝐵 + (10 − 𝑘 + 1)𝑏) −

𝑘−1

2
∙ 𝐶, 𝛼1((𝑘 − 2)𝐵 + (10 − 𝑘 + 2)𝑏) −

𝑘−1

2
∙ 𝐶} = 𝛼1((𝑘 − 2)𝐵 + (10 − 𝑘 + 2)𝑏) −

𝑘−1

2
∙ 𝐶. This 

worst payoff (for all 𝑘 = 1, 3, 5, 7, 9) is smaller than the payoff of 𝛼1(9𝐵 + 𝑏) − 5𝐶 Player 1 receives when 

both players follow the grim trigger strategy. Similar derivations demonstrate that Player 2 cannot improve 

her worst payoff from the grim-trigger strategy. 

Thus, deviation in any stage of the game by either player yields a strictly lower worst payoff, which 

implies that the pair of grim trigger strategies is a feasible agreement. Note that the SP equilibrium where 

both players choose low effort in all stages of the game is also a feasible agreement. A number of additional 

feasible agreements qualitatively differ from these two strategy profiles (for more on this, see Melkonyan 
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et al. (2022)). However, the worst payoffs to the two players in all feasible agreements, including the SP 

equilibrium, cannot both strictly exceed their respective worst payoffs for the agreement where both players 

follow the grim trigger strategy. Hence, the latter strategy profile is a VBE. Moreover, any VBE of the 

game will entail a choice of high effort by both players in all stages of the game. 
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APPENDIX B: TEAM PRODUCTION WITH STRATEGIC COMPLEMENTS 

Consider the following symmetric game with two players. The game represents a team production/ 

coordination problem. Each player i = 1, 2 chooses effort 𝐼𝑖 ∈ ℜ+, also called action. The choices are made 

independently and simultaneously. The cost of effort 𝐼𝑖 is equal to 𝛾𝐼𝑖 where 𝛾 > 0. The gross benefit to 

player i is given by 𝑏(𝐼1, 𝐼2) = 𝐼1
𝛼𝐼2
𝛼, where 𝛼 ∈ (0,0.5]. Thus, player i’s payoff is equal to 𝑢𝑖(𝐼1, 𝐼2) =

𝐼1
𝛼𝐼2
𝛼 − 𝛾𝐼𝑖 . Note that 

𝜕2𝑢𝑖

𝜕𝐼1𝜕𝐼2
= 𝛼2𝐼1

𝛼−1𝐼2
𝛼−1 > 0. Hence, the degree of complementarity between the two 

players’ actions is increasing in 𝛼. 

Player j’s best response to strategy 𝐼𝑖 is given by 𝑅𝑗(𝐼𝑖) = (
𝛼𝐼𝑖

𝛼

𝛾
)

1

1−𝛼
, where 𝑗 ≠ 𝑖. The unique Nash 

equilibrium is given by 𝐼1
𝑁 = 𝐼2

𝑁 = (
𝛼

𝛾
)

1

1−2𝛼
≡ 𝐼𝑁 . The first-best efforts (𝐼1

∗, 𝐼2
∗) maximize the total net 

benefit of the two players and are given by 𝐼1
∗ = 𝐼2

∗ = (
2𝛼

𝛾
)

1

1−2𝛼
≡ 𝐼∗. 

The worst-payoff of an agreement (𝐼1, 𝐼2) for player 𝑖 = 1,2 is given by 

𝑤𝑖(𝐼1, 𝐼2) = min {𝑢𝑖(𝐼1, 𝐼2), 𝑢𝑖 (𝐼𝑖, 𝑅𝑗(𝐼𝑖))} =

{
 
 

 
 𝐼1

𝛼𝐼2
𝛼 − 𝛾𝐼𝑖 𝑖𝑓 𝐼𝑗 < (

𝛼

𝛾
𝐼𝑖
𝛼)

1
1−𝛼

(
𝛼

𝛾
)

𝛼
1−𝛼

𝐼
𝑖

𝛼
1−𝛼 − 𝛾𝐼𝑖 𝑖𝑓 𝐼𝑗 ≥ (

𝛼

𝛾
𝐼𝑖
𝛼)

1
1−𝛼

. 

An agreement (𝐼1
𝐹 , 𝐼2

𝐹) is feasible if for all 𝑖 ∈ {1,2}, 𝑤𝑖(𝐼𝑖
𝐹 , 𝐼𝑗

𝐹) ≥ 𝑤𝑖(𝐼𝑖, 𝐼𝑗
𝐹) for all 𝐼𝑖. The set of feasible 

agreements is denoted by F. 

Consider the graph of 𝑤𝑖(𝐼1, 𝐼2) as a function of 𝐼𝑖. It consists of two segments. For small values 𝐼𝑖 

it is given by (
𝛼

𝛾
)

𝛼

1−𝛼
𝐼
𝑖

𝛼

1−𝛼 − 𝛾𝐼𝑖 while for large values of 𝐼𝑖 it is given by 𝐼1
𝛼𝐼2
𝛼 − 𝛾𝐼𝑖. The two segments meet 

at 𝐼𝑖 = (
𝛾

𝛼
𝐼𝑗
1−𝛼)

1

𝛼
.  

The best-response function of player 𝑖 for payoff function 𝑤𝑖(𝐼1, 𝐼2) is given by 
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𝑅𝑖
𝐹(𝐼𝑗) =

{
 
 
 
 

 
 
 
 
(
𝛼𝐼𝑗

𝛼

𝛾
)

1
1−

,                        𝑖𝑓 𝐼𝑗 < 𝐼
𝑁 

(
𝛾

𝛼
𝐼𝑗
1−𝛼)

1
𝛼
,                 𝑖𝑓 𝐼𝑁 ≤ 𝐼𝑗 < 𝐼

1

(1 − 𝛼)
1−𝛼
1−2𝛼

(
𝛼

𝛾
)

1
1−2𝛼

, 𝑖𝑓 𝐼𝑗 ≥ 𝐼

, 

where 𝐼 ≡
1

(1−𝛼)
𝛼

1−2𝛼

(
𝛼

𝛾
)

1

1−2𝛼
. Thus, the best-response function 𝑅𝑖

𝐹(𝐼𝑗) is increasing in 𝐼𝑗 for relatively small 

values of 𝐼𝑗 (𝐼𝑗 ≤ 𝐼) and constant afterwards. 

From our definition above, an agreement (𝐼1
𝐹 , 𝐼2

𝐹) is feasible if and only if 𝐼𝑖
𝐹 ∈ 𝑅𝑖

𝐹(𝐼𝑗
𝐹) for 𝑖 = 1,2. 

It follows immediately from this fact and the shape of the best-response functions that the game has three 

feasible agreements: (0,0), (𝐼𝑁 , 𝐼𝑁) and (𝐼𝑉 , 𝐼𝑉), where 𝐼𝑉 ≡
1

(1−𝛼)
1−𝛼
1−2𝛼

(
𝛼

𝛾
)

1

1−2𝛼
. 

The second step of virtual bargaining involves choosing from among the set of feasible agreements. 

The set of VBE is given by the solutions to the following problem: 𝜎𝑉 ∈ argsup
(𝐼1,𝐼2)∈𝐹

(𝑤1(𝐼1, 𝐼2) −

𝑤1
𝑚)(𝑤2(𝐼1, 𝐼2) − 𝑤2

𝑚), where 𝑤𝑖
𝑚 = inf

(𝐼1,𝐼2)∈𝐹
𝑤𝑖(𝐼1, 𝐼2) is the minimum feasible worst payoff of player 𝑖. 

Using concavity of the objective function and 𝐼𝑁 < 𝐼𝑉 < 𝐼∗, we find that the unique solution to this 

optimization problem is given by (𝐼𝑉 , 𝐼𝑉). Thus, the unique VBE is given by (𝐼𝑉 , 𝐼𝑉). We summarize our 

findings in the following: 

(a) The game has three feasible agreements: (0,0), (𝐼𝑁 , 𝐼𝑁) and (𝐼𝑉 , 𝐼𝑉), where 𝐼𝑁 < 𝐼𝑉 < 𝐼∗. 

(b) The game has a unique virtual bargaining equilibrium (𝐼𝑉 , 𝐼𝑉). 

How is the relationship between the Nash equilibrium, the VB equilibrium, and the first-best 

actions affected by the degree of complementarity 𝛼 ? Using the expressions obtained above we obtain 
𝐼∗

𝐼𝑉
=

(2(1 − 𝛼)1−𝛼)
1

1−2𝛼, 
𝐼∗

𝐼𝑁
= 2

1

1−2𝛼, and 
𝐼𝑉

𝐼𝑁
=

1

(1−𝛼)
1−𝛼
1−2𝛼

. It follows from these expressions that lim
𝛼→0.5−

𝐼𝑉

𝐼𝑁
= ∞. 

That is, as the degree of complementarity approaches the largest possible level of 0.5, both the ratio of the 
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actions under VB and the Nash equilibrium and the ratio of the first-best action to the VB action go to 

infinity. 

The total net benefit to the two players under the first-best, Nash, and virtual bargaining is given 

by 𝑈∗ = 2
1

1−2𝛼 (
𝛼

𝛾
)

2𝛼

1−2𝛼 (1 − 2𝛼), 𝑈𝑁 = 2(
𝛼

𝛾
)

2𝛼

1−2𝛼 (1 − 𝛼), 𝑈𝑉 = 2(
𝛼

𝛾
)

2𝛼

1−2𝛼 ((1−𝛼)
1−𝛼−𝛼)

(1−𝛼)
1−𝛼
1−2𝛼

, respectively. 

Using these expressions, we obtain  

𝑈∗

𝑈𝑁
= 2

2𝛼

1−2𝛼
(1−2𝛼)

(1−𝛼)
,   

𝑈∗

𝑈𝑉
=

2
2𝛼
1−2𝛼(1−2𝛼)(1−𝛼)

1−𝛼
1−2𝛼

((1−𝛼)1−𝛼−𝛼)
,   

𝑈𝑉

𝑈𝑁
=

((1−𝛼)1−𝛼−𝛼)

(1−𝛼)
2−3𝛼
1−2𝛼

. 

The limits of all three expressions are equal to infinity as the degree of complementarity approaches 0.5. 
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Table 1. Team production approaches a) 

 Specialized monitor model Social contract in miniature 

Objective Reduce shirking among 

employees 

 

Create conditions facilitating 

mutually beneficial productive 

bargains among employees 

 

Paradigm illustrative example Synchronous manual work: 

two workers “jointly lift heavy 

cargo into trucks” (Alchian & 

Demsetz, 1972: 779) 

 

Asynchronous knowledge 

work: “a hardware designer 

and a software developer 

creating a new headphone” 

(developed in this paper) 

 

Assumed mode of reasoning Individualistic reasoning (i.e., 

Nash reasoning) 

 

Collaborative reasoning (i.e., 

virtual bargaining) 

 

Role of management Assign a team member to be a 

specialized monitor of each 

team member’s effort level 

(“metering problem”) 

 

Equip the specialist monitor 

with rights, such as observing 

team members’ efforts; 

rewarding and punishing team 

members by designing and 

renegotiating the terms of 

collaboration; and terminating 

an individual’s team 

membership (Alchian & 

Demsetz, 1972) 

 

Design a work environment 

that increases the benefits from 

virtual bargaining (e.g., 

implement measures that 

increase the degree of 

complementarity among team 

members; see discussion 

section) b) 

 

Promote a collaborative mode 

of reasoning; nurture a 

corporate culture that supports 

such reasoning 

 

a) The two team production approaches share common assumptions, including: incomplete contracts; 

interdependent activities between team members; and the product of team members’ efforts is not simply a 

sum of separable outputs. 

b) Some measures (e.g., increasing the degree of complementarity) improve the outcomes under both virtual 

bargaining and Nash reasoning, but the benefit under virtual bargaining can be considerably greater. 
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Table 2. Comparing virtual bargaining with alternative accounts of collaborative behavior 

Type of 

explanation 

Examples and illustrative references How virtual bargaining (VB) contrasts 

with these accounts 

Reasoning Individualistic: 

Nash reasoning (Nash, 1951) 

Cognitive hierarchy (Camerer, Ho, & Chong, 2004) 

Level-k (Stahl & Wilson, 1994) 

Quantal response equilibrium (McKelvey & Palfrey, 1995) 

 

VB is a more collaborative mode of 

reasoning that focuses on mutual benefits 

between the interacting parties. 

Collaborative: 

Team reasoning (Sugden, 2003) 

Shared intentionality (Tomasello et al., 2005) 

 

But unlike other collaborative approaches, 

VB assumes that the players focus only on 

their own payoffs. 

Types These accounts assume that at least some of the players may 

have a fixed type of behavior (i.e., behave like “automata” 

that “always work hard,” “always are honest,” “always 

reciprocate,” etc.) regardless of the context (e.g., as a result 

of evolution). Other players (so-called “normal” types) may 

mimic an “automaton” if such mimicking generates personal 

benefits (e.g., pretending to be a “hard-working automaton”). 

 

Type-based accounts include: 

Reputation (Kreps & Wilson, 1982) 

Reciprocity (Fehr & Gächter, 2000) 

Tit-for-Tat (Axelrod, 1984) 

Grim-trigger (Axelrod, 1984) 

 

VB views the variety of behaviors not as 

built-in, but as emerging from the VB 

process in a specific context. Virtual 

bargainers are not “automata,” nor do they 

necessarily mimic “automata.” Rather, 

virtual bargainers (and Nash reasoners) 

adapt their behavior to the structure of the 

interaction: e.g., they may expend high or 

low effort depending on the number of 

stages in the game, the degree of 

complementarity, and so on.  

Preferences Players may have prosocial or altruistic preferences, leading 

them to care about the opponent’s payoff (Rose-Ackerman, 

1996; Van Lange, 1999) or about reducing inequality of their 

payoffs (Fehr & Schmidt, 1999). 

 

VB does not require, though is compatible 

with, social preferences. Prosocial 

preferences typically further improve the 

outcomes for VB, as with other types of 

reasoning. 

 

Contracts Relational (aka: implicit) contracts: 

Cooperation is enforced by the perpetual “shadow of the 

future” (Baker, Gibbons, & Murphy, 2002): current behavior 

can be rewarded or punished in future interactions. Standard 

models require (a) an infinite repetition of the game (or a 

game that ends in a finite number of periods but where each 

period can be the last with some positive probability); (b) a 

stable structure of the interaction (e.g., repeatedly working on 

the same task); and (c) sufficiently patient players. 

 

VB does not require the “shadow of the 

future”—i.e., VB may (depending on the 

context) lead to high effort in spontaneous 

one-shot interactions, and in interactions 

where the players work on completely 

different tasks in different stages of the 

interaction. Such spontaneous, fluid 

interactions are widespread within and 

between organizations. 

Incomplete written contracts: a) 

Contracts can attempt to specify the players’ actions, but 

most real-world contracts are highly incomplete due to the 

transaction costs involved (Williamson, 1975, 1985). 

 

In situations where VB leads to high 

effort, players can avoid the costs of 

drafting and enforcing contracts. Further, 

VB may be able to fill gaps that are not 

covered in incomplete contracts. 

a) Note that if contracts are complete (i.e., specify actions for all contingencies) and costlessly enforceable, no coordination 

problem exists. However, such contracts are extremely rare in real-world interactions. 
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Table 3. Nash reasoning in sequential team production 

  𝐺          
𝐶  10 20 30 40 50 60 70 80 90 100 

 10            

 20     67%        

 30       75% 60%      

 40         80% 67% 57%    

 50           83% 71% 63% 56%  

 60             86% 75% 67% 60% 

 70               88% 78% 70% 

 80                 89% 80% 

 90                   90% 

 100                     

Note: In the grey area without numbers, the cost of effort is equal to (or greater than) the gain, so that no possibility of generating a surplus that could justify high effort 

by one or both players exists. The white area without numbers shows constellations where the surplus is sufficiently great that even Nash reasoning can achieve the 

first-best outcome (where both players choose high effort in all stages). Between these areas, the numbers indicate the minimum share of the benefits that one Nash 

reasoner needs to earn to make high effort, whereas the other Nash reasoner makes low effort, in all stages of the interaction. 

 

Table 4. Virtual bargaining in sequential team production 

  𝐺          
𝐶  10 20 30 40 50 60 70 80 90 100 

 10            

 20     33%        

 30       38% 30%      

 40         40% 33% 29%    

 50           42% 36% 31% 28%  

 60             43% 38% 33% 30% 

 70               44% 39% 35% 

 80                 44% 40% 

 90                   45% 

 100                     

Note: The grey and white areas without numbers have the same meaning as in Table 3. Between these areas, the numbers indicate the minimum share of the benefits 

that two players, who are virtual bargainers, need to earn to make high effort in all stages of the interaction. Note that, by contrast, the numbers shown in Table 3 

indicate the minimum share for one player to make high effort, while the other chooses low effort. 
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Figure 1. Effect of the degree of complementarity on the predicted effort levels 

 

Note: The y-axis in Figure 1 (and in Figures 2 and 3) shows the ratio of effort levels obtained through virtual bargaining 

and Nash reasoning. Where this ratio converges to 1, the predicted effort levels for virtual bargaining and Nash 

reasoning are similar. Conversely, the higher this ratio, the larger the improvement of virtual bargaining over Nash 

reasoning will be. 
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Figure 2. Effect of the marginal cost of effort on the predicted effort levels 

 

Figure 3. Effect of the degree of complementarity on the predicted effort levels under different 

scenarios of interest (mis)alignment  

 


