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Abstract

We introduce heterogeneous worker preferences into a Ricardian framework of
task allocation. Preference misalignment creates strategic interactions that affect
teamwork and efficiency. We find that efficient outcomes may emerge as Nash equi-
libria only when all workers are deferential. Notably, all Nash equilibria can be
classified by a chemistry index capturing the aggregate nature of the team. When
workers as a group are self-centered, the equilibrium is inefficient because there is
incomplete division of labor and workers specialize in some tasks that they should
not be performing. When workers as a group are deferential, multiple Nash equi-
libria exist, some of which achieve full division of labor. However, workers tend to
specialize in tasks that they should not be performing, and their effort allocation
may run counter to their comparative advantages. These results extend to the case
of teams with n members, provided that individual goals do not diverge excessively
from the firm’s objective. The analysis highlights limits to the scope of the role of
authority in organizations.
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“The greatest improvement in the productive powers of labor, and the greater part of
the skill, dexterity, and judgment with which it is any where directed, or applied, seem to
have been the effects of the division of labor”

—Adam Smith, The Wealth of Nations, I:1, p.13

1 Introduction

Over the last few decades, a rich literature in economics has studied the returns to human
capital and the distribution of earnings in the US and other countries.! A prominent
development in modern contributions is a focus on the distinction between workers’ skills
and job tasks, with the assignment of skills to tasks determined by task demands, labor
supplies, and technologies. In particular, recent research considers a tractable task-based
Ricardian framework where workers are endowed with skills, have different comparative
advantages, and where the allocation of skills to tasks is endogenous (see, for example,
Acemoglu and Autor (2011), Acemoglu, Kong and Restrepo (2024)). Models that apply
this framework are important in that they provide an effective account for some of the rich
relationships that are observed in modern labor markets between skills, tasks, technologies,
and trade.?

Costinot and Vogel (2015) provide a detailed review of what are termed “assignment
models” or Ricardo-Roy models. This is an extensive literature that has introduced the
term “task trade” to describe the international division of labor whereby different countries
add value to global supply chains, and to distinguish it from goods trade. They show that

these models have also contributed to a revival of international trade research.?

!The literature is extensive, but see Katz and Murphy (1992), Autor, Katz and Krueger (1998), Ace-
moglu (2002), Autor, Katz and Kearney (2008), and Goldin and Katz (2008).

2These include Deming (2017), which shows that this framework is also useful to explain the growing
importance of social skills in labor market, in which workers “trade tasks” within a team as a means to
exploit their comparative advantages and reduce coordination costs. The interplay between coordination
gains and communication costs was already stressed in Becker and Murphy (1992), Radner (1993), Bolton
and Dewatripont (1994), and Garicano (2000). See Freund (2023) for a study of the micro origins of
coworker complementarities (specialization) and their impact.

3See Costinot and Donaldson (2012), Costinot, Donaldson, and Komunjer (2012), Costinot et al (2015),
Grossman and Rossi-Hansberg (2008, 2012), and Rossi-Hansberg (2017). Much of the explosion of frame-
works that have at their core a Ricardian theory is due to the influential Eaton and Kortum (2002).



Closely related, the literature on organizations and trade conveys the idea that or-
ganizational decisions provide valuable insights into the aggregate workings of the world
economy, and stresses the importance of microfounding the origin and properties of pro-
duction functions (Antras and Rossi-Hansberg (2009)). From this viewpoint, Garicano
and Rossi-Hansberg (2015) highlight that most human endeavors require team collabora-
tion, and that mainstream economic models often overlook the organizational challenges
inherent in production processes. They then survey the literature on knowledge-based
hierarchies and offer an organizational-based explanation of a number of empirical facts
as a “distinct specification of the task-based approach in which tasks are hierarchical and
the production function that links the different tasks is based on an explicit organiza-
tional problem” (p.7). The current paper shares these perspectives, specifically the need
to microfound team production functions in task-based organizational problems.

A common aspect of all the contributions that have emerged in a Ricardian team pro-
duction framework in the literature is that they involve no strategic interactions. Essen-
tially, the different models deal with either a profit-maximizing firm, which yields efficient
outcomes or, as in the classic Dornbusch, Fisher and Samuelson (1977) and Eaton and Ko-
rtum (2002) analyses, with the competitive equilibrium concept which by the First Welfare
Theorem also leads to efficient outcomes.

This absence is rather surprising because strategic interactions occupy a central position
in the literature on the economics of the firm and organizations. For example, a lack of
congruence between workers’ and the firm’s goals induces a wide range of strategic behavior,
and plays a main role in the research on authority in organizations (Aghion and Tirole
(1997)).* Similarly, there is a literature on the role of identity in firms. Akerlof and
Kranton (2005), for instance, argue for an expanded economic model of work incentives
and organizations to include the concept of identity, as “the identities of employees, who
may (more or less) identify with their firms, workgroups or jobs, are central to the study
of work in sociology, psychology, anthropology and management.” Heterogeneous identities

and personality traits among workers naturally generate, again, strategic interactions.®

4The entire principal-agent literature is based on the lack of congruence between the principal’s and
agent’s preferences. See, e.g., Prendergast (1999), and Laffont and Martimort (2009).
®Antras, Garicano and Rossi-Hansberg (2006) address the problems associated with the formation of



In this paper, we are motivated by these theoretical and empirical literatures to open
up the Ricardian framework to include strategic interactions between workers. Specifically,
individuals within a team may not identify ezactly with the firm’s objective function and
their respective goals may not be congruent with that of the team and with each other. We
study how this heterogeneity in preferences has an impact on the endogenous assignment of
skills to tasks and hence on production processes. A worker may ascribe a personal worth
to his own contributions to the team that diverges from the objective value he brings. We
define self-centered workers as those who ascribe a subjective value that is greater than their
objective contributions (this would be akin to home bias in international trade), and define
deferential workers as those who undervalue their contributions. We study the implications
of these teamwork frictions on the allocation of skills to tasks, specialization, and efficiency
in an otherwise standard Ricardian framework with two agents. In principle, the outcome
of this collective strategic choice problem would not seem apparent. Interestingly enough,
we find the analysis to be tractable and that the outcome ultimately depends only on the
aggregate nature of the team. We obtain the following results:

First, the efficient outcome in the frictionless framework emerges as a Nash equilib-
rium under teamwork frictions only if every worker in the team is deferential. Otherwise,
strategic interactions generate departures from efficiency.

Second, when teamwork frictions are present, the Nash equilibria can be classified by
a chemistry index that captures the aggregate nature of the group of workers. This index,
which is defined as the extent to which workers as a group are either self-centered or
deferential, is sufficient. Specifically:

(1) When workers as a group are self-centered, the Nash equilibrium is inefficient be-
cause, contrary to the frictionless framework, there is a set of tasks that both players
perform.

(2) When workers as a group are deferential, there is a continuum of Nash equilibria.
Interestingly, this multiplicity includes equilibria in which individuals do not share tasks.
However, in many equilibria workers specialize in tasks that according to efficiency they

should not be performing, and fail to perform tasks that efficiency dictates they should

international production teams. See also Grossman (2013) on worker heterogeneity.



specialize in.

These results have the potential to explain (a) why a complete division of labor may
not always be observed empirically, even when tasks can be traded costlessly, (b) why,
when there is complete division of labor, we may still observe individuals performing
tasks that should be performed by other individuals from an efficiency perspective, and
(c) why we may observe workers’ specialization that moves against their comparative
advantages. None of these patterns, if empirically observed, are predicted by standard

Ricardian models.

After studying the role of frictions in the standard Ricardian model, we extend the
analysis to the general case of teams with n members. We find that when workers ascribe
a personal worth to their contributions to the team that does not diverge excessively from
the objective value they bring, the equilibrium looks exactly as a succession, in the space of
tasks, of pairs of individuals which, remarkably, behave as in the equilibria in the standard
framework. Put differently, we find that the main results in the basic model are at the
heart of the equilibria in teams with n members.® We also provide the intuition for this
result and illustrate it in an example where we provide the full characterization of all Nash
equilibria.

In terms of additional implications, we also view the analysis as shedding new light on
the role of leadership and managers, in that departures from efficiency generate a new orga-
nizational problem in the literature (see Garicano and Rayo (2016) for a thorough review).
Traditionally, managers play no part in conventional Ricardian frameworks. However,
managers may now assume a pivotal role in addressing teamwork frictions. Yet, perhaps
counterintuitively, this role may arise only when every worker is deferential, since it is
only in this case that the efficient outcome is a Nash equilibrium that could be reachable
by a talented manager. Put differently, while managers could always strive for efficiency

under frictions, there are limits to the scope of their role unless every worker is deferential.

6 As we discuss in some detail in Section 4, it turns out that our main results also generalize to other
Ricardian models. When we include frictions in Deming’s (2017) model of social skills, for example, all
the Nash equilibria continue to be classified by the same chemistry index and in the same manner as in
the Ricardian framework we study. The intuition is that social skills basically operate as a technology
that is independent of preferences.



This offers a fresh perspective on the notion of “smart management,” one that we find to
be connected solely to the individual character of workers (see, e.g., Adhvaryu, Kala, and

Nyshadham (2023)).

Related Literature. In addition to the literatures on the Ricardian framework and
organizations just noted, there is a rich body of work that documents important aspects
related to teams and teamwork.

Recent empirical evidence shows how organizational decisions are taken as a reac-
tion to productivity shocks, demand shocks, the institutional environment, and other fac-
tors (Caliendo and Rossi-Hansberg (2012), Caliendo, Monte, and Rossi-Hansberg (2015),
Caliendo et al. (2020)). From this perspective, we study the microfoundations of team
production functions in terms of worker heterogeneity and strategic interactions. Much
like an important organizational decision of firms concerns the allocation of decision rights
among employees (Aghion and Tirole (1987), Kala (2024)), interactions between hetero-
geneous workers in task-based Ricardian team production deliver an explicit organization
problem. We discuss in some detail in a later section what variables would need to be ob-
served (e.g., tasks, productivity, preferences) to evaluate empirically the hypotheses that
emerge.

Teamwork has been broadly studied outside assignment frameworks as well. Aspects
such as the determinants of group formation and participation (Alesina and La Ferrara
(2000)), team incentives (Hamilton, Nickerson and Owan (2003)), team-specific capital
(Jaravel, Petkova and Bell (2018)), the role of peer pressure and complementarities (Kandel
and Lazear (1992), Friebel et al. (2017)), the dependence of individual productivity on the
human capital of coworkers (Herkenhoff et al. (2024)), and others have been shown to be
empirically important.” Our analysis and results bear on the effects of team composition,
complementarities, and participation from the perspective of strategic interactions within
teams. Also, a body of research focuses on productivity spillovers across workers, and
how important it is to identify and recruit “team players,” and to monitor and incentivize

8

teams.® From this standpoint, we study the role of team frictions when players have

"On the theoretical side, see Bonatti and Hérner (2011) on the effect of moral hazard on the amount

and timing on effort, and Che and Yoo (2001) on incentives in repeated interactions within teams.
8See, e.g., Weidmann and Deming (2021), Neffke (2019), Mas and Moretti (2009), Arcidiacono, Kinsler,



an excessive degree of self-regarding- or other-regarding-preferences relative to what is
warranted by the objective function of the firm.

Our results also relate to a literature in business, management, and sports that strongly
stresses the importance of teamwork in many different contexts, and how critical but dif-
ficult it is to reach the ideal chemistry. In fact, few concepts are as strongly emphasized
by business leaders, and historical and sports figures, as is that of a “team’s chemistry.”
Patrick Lencioni, best-selling author of The Five Dysfunctions of a Team (2002), summa-
rizes the principle as: “[I]t is teamwork that remains the ultimate competitive advantage,
both because it is so powerful and rare.”

Finally, as noted earlier, our analysis is motivated by, and relates to, work on hetero-
geneous preferences within firms (Bénabou and Tirole (2003, 2006, 2011)), including the
extensive research on employee and individual “social preferences” (e.g., Fehr, Goette, and
Zehnder (2009)) and on the labor market returns to different personality traits (Flinn,
Todd and Wang (2024)). For instance, firms make efforts to hire applicants with certain
social profiles but face trade-offs: they may attract talent at the expense of prosocial moti-
vation (Ashraf et al., 2020). In our case, sociability manifests itself in differences between
the subjective and objective value of the contributions made to the team of co-workers and

thus to the firm.

The rest of the paper is structured as follows. Section 2 introduces frictions in a general
Ricardian team production framework. Section 3 studies the standard framework with
two agents, which we then extend to teams of n agents. Section 4 connects the theoretical
findings to the empirical literature with a discussion that focuses on the measurement of
the different variables that would be needed in empirical work. Section 5 concludes. An

appendix collects the proofs.

and Price (2017), Halac and Prat (2016), and Halac, Kremer and Winter (2024). A modern literature
also documents how teamwork is a non-cognitive “soft” skill often critical for labor market outcomes and
social behaviors (e.g., Heckman, Stixrud and Urzua (2006) and Cunha, Heckman and Schennach (2010)).

7



2 Ricardian Team Production with Frictions

In a general team production Ricardian model there is a team N = {1,...,n} consisting
of n individuals, each of whom has one unit of effort that can be spent on any one of
a continuum of tasks. The assumption that an individual has one unit of effort is made
without loss of generality; we can always choose the units of measurement so that it is
satisfied. The productivity of a unit of effort devoted by individual i € N to task ¢ € [0, 1]
is given by «;(t). We assume that for each ¢, his productivity function «;(t) is positive
and continuous. We denote the comparative advantage schedule of individual ¢ relative to

individual j by v,;(t) := 318, and in the case of two individuals we simply let v, = 7. We
J

adopt throughout the following assumption, which was used in Wilson’s (1980) analysis of

Ricardian models.

Assumption 1 For any two agents, i,j, there is no interval [a,b], with a < b, at which

3;((2 is constant; i.e., there is no X such that 338 =\ for allt € [a,b].

The team is interested in allocating the agents’ efforts across tasks so as to maximize the
“probability of winning,” which is a monotonically increasing function of [ u(} 7, o, (¢);(t)),
where [;(t) is the effort devoted by agent i € N to task ¢, and u : Ry — R is increasing,
continuously differentiable and strictly concave, with lim, ,ou/(z) = 00.? Specifically, the
team is interested in effort functions ZZ :[0,1] = Ry, for i € N, that solve

max/u(Z ai(t)li(t)) (1)
ieN

subject to/li(t) =1, ieN (2)

The solution to this problem is well known. Each individual is assigned a set I; of tasks
such that he devotes his time exclusively to the tasks in it. This is summarized in the

following proposition, the proof of which is in the appendix.

Proposition 1 A team-optimal allocation of tasks exists and is characterized by

~ U/_l L L te [A,L
ll(t) _ (ozi(t))ozi(t) A ieN
0 t¢ i,

9For any function f, we write [ f or [ f(t) instead of fol f(t)dt.

8



where v/~ is the inverse of U/,

a;(t)

fi:{tE[O,l]: > foralleN} (3)

and <;\1, ey 5\n> > 0 satisfy

/@uyzép“%aiﬂaijz1 i€N. (4)

The sets I;, i € N, cover [0,1], and consist of at most a countable union of intervals.

Furthermore, for any two agents, 1, j, the intersection Lni ; contains at most a countable

number of tasks. Two team-optimal allocations differ only on a set of tasks of measure zero.

As we will see in the next section, the standard framework in the literature assumes log-
arithmic preferences. In that case, the optimal allocation adopts a simple form.!° Denoting

by p the Lebesgue measure on [0, 1], we have the following:

Proposition 2 With logarithmic preferences, the team-optimal allocation is characterized

by
. L ye]
Li(t) = ¢ #d) ) i€N
0 té¢l
where R
> it i .
f=dreo: W s rd) e (5)
a;(t) ~ p(l;)
Proof. Since u = In, we have that «/(t) = 1/t and, therefore, since in this case v'~! =/,

we have that v/~! (af\("t)) #(t) = )\% By (4) we have

which implies that A; = p(l;). =

Further, it is well known that in the cases of n = 2 and n = 3, and under the assumption

that the comparative advantage schedules v,5(t) = ay(t)/aa(t) and vy4(t) = aa(t)/as(t)

10 We specify one team-optimal allocation. Recall that any two optimal allocations are equal almost
everywhere.



are strictly decreasing, the team-optimal allocation can be more precisely characterized

(see, for instance, Acemoglu and Autor (2011)). This is done in the following corollaries:

(e %1 (t)
(e (t)

Corollary 1 With logarithmic preferences, if n = 2 and (t) = is strictly decreasing,

the team-optimal allocation is given by

The proof follows directly from Proposition 2 after noticing that the sets I = [0,7] and
I, = [£, 1] satisfy equations (5).

t)

Corollary 2 With logarithmic preferences, if n = 3 and z;gt) and 220

as(t)

creasing functions, then there exist critical tasks, t12,ta3 € [0, 1], such that the team-optimal

are strictly de-

allocation is given by

(é,O, O) t < tig
(0. B0, 5(6) =4 (0, 54,0t <t < g (6)

1
(0,0, =) t > a3
where the critical tasks tqo,tez, are implicitly defined by

ai(t12) _ 12 and s (tas3) _ toz — t12
as(tia)  tog —tio as(tas3) 1 — 193

For the reader’s convenience, we offer a proof in the appendix.

Frictions. We next introduce frictions that create strategic interactions in teamwork. We
assume that workers have different preferences or personality traits and, consequently, may
not all share the firm’s goal. Specifically, individual 7 assigns a subjective value p,a; to his
productivity instead of a;. The parameters p; are similar to the congruence parameters
in Aghion and Tirole (1997) in that they capture the agents’ agreement with the firm’s

objective. The closer p, is to 1, the closer are individual ¢’s preferences to the firm’s

10



goal. Although one can think of various methods whereby a “principal” might affect the
congruence of his subordinates, consistent with the literature we take these parameters as
given.!!

There are many reasons why one’s subjective value could be different from one’s objec-
tive contribution to the team. Individuals may have different identities, personality traits,
biases or “sense of mission” (Akerloff and Kranton (2005), Bénabou and Tirole (2011),
Dewatripont, Jewitt and Tirole (1999)). They may also have different intrinsic and ex-
trinsic incentives (Bénabou and Tirole (2003, 2006)), or simply different outside options
associated with their comparative advantages that create different interests in showcasing
their abilities (Jager et al, 2024). As much as firms may devote effort to identifying and
selecting workers that share exactly the firm’s objective function (and to incentivize them
that way), we can expect that p; is not always 1.

When p;, > 1, we may say that agent ¢ has an excessive preference for “his own individual
achievements” relative to the accomplishments of the team. Put differently, he has a
greater preference to showcase his abilities relative to what is warranted from the firm’s
perspective. In this sense, he is self-centered. When p, < 1, player ¢ undervalues his own
achievements and ability; in this sense we may say that he is deferential. When p, = 1,
player i’s objective coincides with the goal of the firm, and we say that the player is neutral.
Again, while we emphasize hubris or lack thereof in our description, there are many reasons
why employees might intrude on each other’s activities. For example, an individual may
have career or other concerns and, in order to be promoted, may want to pursue more or
fewer tasks than is optimal for the organization so as to signal that he is an specialist or
a generalist. Simply put, the pattern of private benefits need not coincide with that of
comparative advantage.

Going back to the formal model, the individuals’ payoffs are given by

Ui(ll,...,ln):/u(piai(t)li(t)+Zaj(t)lj(t)> icN.

JFi

11 For example, Aghion and Tirole (1997, p. 6) suggests “investments in the recruiting and training of
new employees, design of career profiles, or enforcement of (contractual) rules restricting the subordinates’
set of possible actions.” In our case, in addition to vertical congruence (authority), we also have horizontal
congruence (within the team), and so other factors may be relevant as well (see Kandel and Lazear (1992)).

11



Since their preferences are not perfectly aligned, individuals play a strategic game where
their common set of strategies is the set of functions [ : [0,1] — Ry such that [I(t) =

and their payoffs are given by (U;)ien-

A Nash equilibrium is a profile of effort functions (I3, ...,0*) such that
U5, ..., > U(l;,17,) for all I; such that /li(t) =1

Since the set of strategies is compact in the weak-* topology and the payoffs functions are
continuous, the set of Nash equilibria is not empty.'2
Assume that (I5(¢),---,1%(t)) is a Nash equilibrium. Then, /() is a solution to indi-

vidual ¢’s problem:
max [ u(pe((0)+ 3 as(01

J#i

The associated Hamiltonian is

H((8), M(8) = u(peoa®(0) + D ag (05 ) = A Dli(t)

J#i

and the necessary conditions for maximization are

0OH
- pzal z + Qa pzaz(t) )\Z(t) S 07 lz(t)
ol;(t) ; !

0 = X()

These conditions are also sufficient since the integrand is differentiable and concave in

l;. Since the above conditions dictate that \;(t) = 0, we have that \;(t) = \; for some

positive constants \;, for i € N. Therefore, the equilibrium (I5,--- ,[}) satisfies, for some
(A, oy dn) >0,
u (pou () () + Zoz] ) piai(t) < Xy, with equality if [ (t) >0 i€ N (7)
J#i

/li(t) 1 ienN (8)

Based on this, we can make the following observation:

12\We thank Eilon Solan for illuminating us on this point.

12



Observation 1 If p, > 1 for some i € N, then the team-optimal strategies do not consti-

tute a Nash equilibrium.

Proof. Let (l], _ ,Zn) be the team-optimal strategies and let (fk)keN and (S\k)keN be
the associated sets of tasks and multipliers defined in Proposition 1. We will show that if
(I, ,1,) constitutes an equilibrium, then p; < 1 . Since (I;)sen are nonempty compact
sets that cover [0,1], there must be a player j # i such that J; N fj # (). Then, for
tij € In fj, we have that

ailty) N
ajtiy) A, )

If the team-optimal strategies constituted a Nash equilibrium, then from (7-8), there would

be positive numbers A\; and A; such that

Yy 1 .
/ g\~ N . — )\ int [
u <piozl(t)u (ozi(t)) ai(t)>pzal(t> A ifteint]; (10a)
Aoy 1 )
ot (—2 a;(t) < N ift e intl] 10b
u(a]( )U (ozj(t))ozj(t)>pl@() — 1 € J ( )
Manipulating, we obtain
s \ .
/—1 1 1—1 7 . .
p;U = u itt € intl; 11a
) Gt o)
A .
J

By continuity of a;/a;,

pici(tij) < Ai
a;(tij) ’

and by (9) we have that

~

Aip; < A

1

Substituting in (11a), and taking into account that u~' is a convex function,

~

piu'_l<ai?;j)> - u/_1<p¢#(itu)>

~

< W7 (aiz\tiij) )

which implies that p, < 1. m

13



This observation says that it is enough for a single individual to be self-centered for
the team-optimal strategies to not be an equilibrium. The intuition is that self-centered
individuals tend to overstep the boundaries set by efficient behavior, and as a result full
division of labor does not take place. What if none of the individuals is self-centered and all
are deferential? In that case the team-optimal allocation may be but it is not necessarily
a Nash equilibrium. However, for the standard framework with logarithm utility that we

study in the next section, we can state the following:

Observation 2 Under logarithmic utility, if p; < 1 for all i € N, then the team-optimal

strategies constitute a Nash equilibrium.

Proof. The proof consists in verifying that there are \;, for © = 1,...,n such that the
team-optimal strategies identified in Proposition 1, satisfy condition (7). Substituting the

team-optimal strategies into these conditions we obtain that they must satisfy

i i .
/—1 1 1—1 7 . .
p;U = u it t € intl;
) G
A t) < X\ ifteint]
e ~ i 1 mti;
a;(t)” ’
Since u'~'(y) = 1/y, and taking into account that a’\—ét) < a;‘(it) for t € intl;, it can be
J 7
checked that for \; = 5\1-, 1=1,...,n, the above conditions are satisfied. m

3 Equilibria in Standard Ricardian Framework

The assumption of a Cobb-Douglas function is standard in the literature; see, for example,
Dornbusch, Fischer, and Samuelson (1977), Acemoglu and Autor (2011), and Deming
(2017), among others. In this section, we study this framework, which we refer to as
the standard Ricardian framework for the case of two agents, which itself represents the
cornerstone case in the literature. We then extend our analysis to the more general case

with n > 2 agents.

14



3.1 Characterization of Equilibria

Let (I1,13) be an equilibrium. Then, it satisfies the equilibrium conditions (7-8) for some

A1, Ao > 0, which in this case become

picui(t
P OL) + o, (L)

/zi@s) — 1 =12 (13)

i, with equality if I7(¢) > 0 1 =1,2 (12)

Define the following sets: Ay = {t : [5(t) > 0,15(t) = 0}, Ay = {t : I5(¢) > 0,15(¢t) = 0},
and B = {t:[5(t) > 0,1;(t) > 0}. The sets A; and A, contain the tasks exclusively per-
formed by player 1 and player 2, respectively. The set B is the set of task that are shared
by both players. The set {¢ : [5(t) = 0,1;(t) = 0} of tasks performed by neither player has
measure zero (and can be assumed, without loss of generality, to be empty) because oth-
erwise individuals’ utilities would each be —oco and, therefore, each player would have a

profitable deviation. It follows from (12-13) that the equilibrium has the following form:*?

(3:50) te A
* * P1P: plﬁ/(t)fii iﬁlf¥
G.150) = e (S, 25 ) teB (14)

<0, %) te A

In order to fully characterize the equilibria, it is necessary to identify the sets A, B and
A,, and the coefficients A; and \y. This is what the next three propositions, whose proofs
are in the appendix, will do. As we shall see, we find that there are three types of equilibria
and that these types depend only on whether the product of the congruence parameters
p1p4 is greater than, equal to, or smaller than one. We refer to p, p, as the team’s chemistry
indez. Following the same terminology we have used for individuals, when this index is
larger than one, we say that the team’s chemistry is self-centered. When this index equals
one, we say that the team’s chemistry is neutral, and when it is less than one we say that

the team’s chemistry is deferential.

13As we will show later, if p;p, = 1, the set B will be empty.
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Proposition 3 (Team Chemistry: Neutral) When pypy = 1, the equilibrium consists

the following strategies:

(£,0) t<t
(), 15(t) = any  t=t*
(0.12) 151

where the critical task t* is the only one that satisfies

t*) = .
p(t) =15

Note that, since v is decreasing, the critical task t* is unique. Also note that this

equilibrium consist of the efficient strategies for the case where the comparative advantage

is p,7y instead of 7, and furthermore that p, > 1 if and only if ¢* > {. Namely, the

self-centered player takes upon himself additional tasks compared to those that he would

take at the team-optimal outcome. Further, the greater the congruence parameter of the

self-centered individual, the farther the equilibrium critical task is from the team-optimal

one. Nevertheless, we should emphasize that, though not team-optimal, the equilibrium is

efficient because the resulting division of labor does respect the comparative advantages

of the agents.

Proposition 4 (Team Chemistry: Self-Centered) When p,py > 1, the equilibrium consists

of the following strategies:

(5:,0) t<t
(1), (1)) = poy (125 15 fe bt
1) bo Pipp—T N € [t1, o]

1
<0, >\—2> t > to

where the tasks t1,ty and the multipliers A1, Ay are the unique solutions to

[0 = [so=1

7(751) A1
0o A Pl’Y( 2)

When the team chemistry is self-centered, the equilibrium effort functions partition the

set of tasks into three intervals. There are two tasks, t; < to, such that:
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- tasks in the left interval [0,¢;) are performed exclusively by player 1;
- tasks in the right interval (¢, 1] are performed exclusively by player 2, and
- tasks in the middle interval [t;, 5] are performed by both players.

It can be checked that the equilibrium strategies are continuous and weakly monotonic.
Since both players are self-centered and want to perform more tasks than they should, the
result is that there are some tasks which are performed by both of them. This is precisely
the source of the equilibrium inefficiency. Finally, note that as the product p,p, tends to
1, the equilibrium converges to the one when p,p, = 1. Figure 1 depicts the equilibrium

strategies when p;p, > 1.

Figure 1: Example of an equilibrium where p,;p, > 1.

l.l2

Proposition 5 (Team Chemistry: Deferential) When ppy < 1, the equilibrium consists

of the following strategies:

(%:50) te A

(IE(8), I3(1)) = p1Po (1(539— J((t?rl) te B
1=p1p2 AL 7 A

0, %) te A

where Ay = [0,t3] U By, Ay = [t1,1] U By, and B = (ta,t1)\ (B1 U By), for some By, By C

(ta,t1), and where the tasks ty,ty and the multipliers Ay, Ay solve

[0 = [ sw=1 (15)

= — = p(t2) (16)




As in the previous case, there are two critical tasks, t5 and ¢, this time with ¢y < t;
such that player 1 is the sole performer of tasks in [0, 5] and player 2 is the sole performer
of tasks in [t1,1]. However, players now do not necessarily make simultaneous efforts in
all the tasks in the remaining interval (¢o,t;). This interval is partitioned into three sets,
{By, By, B}, which need not be intervals themselves, and only in one of them, B, tasks are
shared. In the other two sets, B; and B,, strict division of labor takes place. Importantly,
as long as the strategies and the critical tasks satisfy (15-16), these three intervals are
arbitrary, which means that the equilibrium need not be continuous or monotonic. Note
that even if there is full division of labor, i.e., if B = (), there might be large inefficiencies.
Indeed, if the set B; contains a non-negligible set of tasks located to the right of some
tasks in By, the outcome will be inefficient; by switching some tasks, individuals could
achieve a better outcome for everyone. Figure 2 illustrates an example of an equilibrium
in which By = (s1,t1) and By = (9, 82). Note that the equilibrium is neither continuous
nor monotonic. Although each individual is the sole performer of tasks in which he has a
strong comparative advantage, we can see that in the interval of tasks (¢2,¢1) in which the
comparative advantage is weaker, the allocation of tasks may be chaotic. Indeed, as we
move from ¢, to ¢, player 1 makes no effort in [t, $o], then he shares tasks with player 2
in [s9, 51, then he is the sole performer of tasks in [s1, ;] and, finally, from ¢; onwards, he

defers to player 2. Player 2 has, mutatis mutandi, a similar pattern of behavior.

Figure 2: Example of an equilibrium where p;p, < 1.
ha

/

This case shows that when the aggregate nature of the team is deferential, many types of

equilibria are possible: We may not only observe tasks being performed by both players, but
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also patterns of effort that are not comonotonic with the workers’ comparative advantages.

Finally, among the plethora of possible equilibria patterns, we can identify two special

cases that lead to simple equilibria. Their characterization is in the appendix.

Special Case A: In this case, both players invest positive effort in every task ¢ € (tq, ;).
Formally, A; = [0,t2], B = (ta,t1), and Ay = [t1,1]. Figure 3 illustrates this kind
of equilibrium. Note however that the equilibrium strategies are not continuous and
that, contrary to the p;p, > 1 case, they are not monotone either. That is, within

the interval (t9,t1), players’ effort levels move against their comparative advantage.

Figure 3: Example of an equilibrium where p,p, < 1.

il

/

[ t 1

Special Case B: In this case, there is full division of labor. Formally, A; = [0,t5] U By
and Ay = By U (t1,1) where By U By = (ta,t1). As long as the strategies and the
critical tasks satisfy (15-16), the partition { By, B2} is arbitrary. Thus, a particularly
simple case is one in which there is a critical task £ € (to,¢;) such that A; = [0,7)
and Ay = (¢,1]. Task # is not unique, and according to Observation 2, can be chosen
to be the team-optimal cutoff {. Figure 4 illustrates this kind of equilibrium. Here
the behavior is similar to the p;p, = 1 case, and it tends to it as the product p,p,

tends to 1.

Figure 5 summarizes the Nash equilibria that obtain in the Ricardian framework under

teamwork frictions.
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Figure 4: Example of an equilibrium where p,p, < 1.

il

Figure 5: Equilibria in standard Ricardian framework

Standard Framework

0 i*
f

Individual 1 performs these tasks Individual 2 performs these tasks

Standard Framework with Teamwork Frictions

1. pp>=1 (p:> 1). Team Chemistry: Neutral

7 1
Individual 1 performs these tasks Individual 2 performs these tasks
2. pip: > 1. Team Chemistry: Self-Centered
0 g i !
Individual 1 performs Both perform Individual 2 performs
these tasks these tasks these tasks
3. pip: < 1. Team Chemistry: Deferential. Example:
0 Ii2 Bl | B | Bz |l 1 }
, ' ) |
Individual 1 perfoq'ns Both perform I]ildividual 2 performs
these tasks | these tasks I these tasks

\ )

Tasks B1, B, B2 may be performed in any order.
Comparative advantage need not be respected
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Summing up, we have found that in the standard Ricardian framework, frictions typ-
ically generate a range of tasks which can be, and sometimes are, performed by both
players. The closer a firm gets to hire workers that share its objective, the smaller such
range. When firms do not succeed in their hiring process we will often find deviations
from the firm-optimal outcome. As for the sources of these deviations, when the team
chemistry is neutral, deviations arise only because workers are specializing in certain tasks
that they should not be performing. When the team chemistry is self-centered, there is a
range of tasks that are performed by both players; moreover, efficiency cannot be reached
as an equilibrium by even the most talented manager. However, when the team chemistry
is deferential, many different equilibria are possible. These include cases in which even
when players do not share tasks, their effort levels do not respect their comparative ad-
vantages. Put differently, in this case inefficiency manifests itself as a lack of division of
labor and in patterns of specialization that are not comonotonic with individuals’ com-
parative advantages. Perhaps surprisingly, however, in this scenario, the efficient outcome
is an equilibrium if both players are deferential. This means that if a talented manager
could identify the efficient allocation of tasks and impose them to his workers before they
interact, then his workers will choose to perform those tasks in their Nash equilibrium.

We discuss in some detail in the discussion section how future research may be able to
test the empirical implications of these results. We just note now that, at a broader level,
these findings offer new insights that could help explain why prosocial motivation tends to
be associated with positive labor market outcomes (e.g., Ashraf et al. (2020), Kosse et al.
(2020)), why these motivations are often sought after, and why a body of organizational
behavior research finds that employees’ social preferences may have significant effects on
firm performance (Penner et al. (2005), Meier (2007)). Authority then plays a critical role
to move from possibly chaotic patterns to efficient outcomes in these cases. Interestingly,
chaotic patterns are actually observed some times. For example, Bassi et al. (2024)
study manufacturing firms in Uganda and find that they resemble more a collection of
self-employed individuals sharing a production space than a firm with specialized labor.

We next study the extent to which the analysis remains tractable in a framework with

n members.
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3.2 Equilibrium in Framework with n Agents

It should be readily intuitive that when there are more than two agents, equilibria may dic-
tate that more than two individuals share the same tasks for some values of the congruence
parameters. For this reason, a full description of all the equilibria will be cumbersome.
However, by the continuity properties of Nash equilibrium, if the congruence parameters
are close enough to one, then the equilibria will be close to the team-optimal allocation
and, as a result, no more than two individuals will perform each task. It turns out that,
in this case, it is possible to provide a simple description of the equilibria. As anticipation
of the main results, we find that the equilibria obtained in the standard framework, along
with the corresponding pairwise chemistry indices p;p;, play an essential role. In what fol-
lows we first describe the general form of the equilibrium with n agents, and then provide
the intuition and full characterization in a specific example with three agents. The reader
is invited, if he so wishes to skip the next sub-subsection and come back to it after the

three-agent case is understood.

3.2.1 Form of Equilibrium

Recall that the team-optimal allocation partitions the set of tasks into intervals and assigns
a subset of them to each player. Consider a pair of players j and k£ who at the team-optimal
allocation are assigned adjacent intervals. We call them adjacent agents. Then, if their
chemistry index is close enough to one, in equilibrium there will be an interval of tasks [a, b]
exclusively performed by 7, by k, or by both, but not by any other individual. Then, the
equilibrium behavior of j and k, restricted to the tasks in [a, b] will mimic their equilibrium
behavior in a two-player game in which they allocate efforts to [a,b]. To see this, let
(I¥)ien be an equilibrium of the n-player game. Then, by the consistency property of Nash
equilibrium (Peleg and Tijs (1996)), the restriction of (I7,[}) to the tasks in [a, b] must be
an equilibrium of the two-player game in which they have fab l7 and ff [}, units of effort,
respectively, available for allocation to tasks in [a, b], and in which their objective functions
are In (p;o;(4)1;(t) + cw(t)le(t)) and In (a; ()1 () 4+ praw(t)li(t)), respectively (recall that
[¥(t) = 0 for all ¢ € [a,b] and i@ # j, k).

Specifically, if the congruence parameters are close enough to one, we can find a col-
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lection of intervals ([as, b])r_, , not necessarily disjoint, such Uy [ag, by] = [0, 1] and such
that for each ¢ = 1,..., L there is a unique pair of players, 7 and k, which depend on the

interval [ay, b, such that
L I5(t) + [g(t) > 0 for t € [ay, byl
2. I5(t) > 0 for some t € [ay, by and [;(t) > 0 for some t € [ay, by

3. I¥(t) =0 for all ¢ € [ay, by| and for all i # j, k.

Then, there are positive numbers \; and A; (the solution to (7-8)) such that the

equilibrium strategies of these players, restricted to the tasks in [a, by] can be written as

(5,0) te A
X A A
x * — pipn (P YO-3L -1
(lj (t>’ lk(tD N Pj;kil< ;\jﬂjV(t)k , /\]-plc ) teB (17)

<0, A—i) t € Ay
where Ay, B and Aj, are pairwise disjoint sets whose union is [ay, by].

Note that (17) is the general expression of the equilibrium strategies in the two-player
game stated in equation (14) where individual j takes the role of player 1 and individual
k takes the role of player 2. That is, the tasks in [a, b/] are distributed between j and k,
so that the tasks in A; are performed exclusively by the former, tasks in Aj, are performed
exclusively by the latter, and taks in B are performed jointly by both of them according

to the equilibrium of the corresponding two-player game.

3.2.2 Characterization of Equilibria with Three Agents

The equilibria can be better illustrated in the case analyzed in Acemoglu and Autor (2011)
in which the comparative advantages schedules v,, and v,5 are strictly decreasing. In this
case, the team-optimal strategies have already been described in Corollary 2. As just
noted, if the congruence factors are close enough to one, it will be possible to partition the
set of tasks into intervals so that each interval will be assigned to only two players who
will divide it in a way that mimics the two-player equilibrium, the nature of which will

depend on whether the chemistry index between these two individuals is less than, equal
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to, or bigger than one. In particular, the following propositions can be checked to be true

by verifying that the strategy profiles satisfy conditions (7-8).

Proposition 6 (Chemistry between Adjacent Agents: Neutral) Let the congruence param-

eters satisfy p;py = pops = 1, and consider the critical tasks defined by

ay(t12) _ t12 and po0ia(tas) _ toz — t12
po0ia(tia)  tag —tio as(ta3) 1 — 193

If
ay(ta3) < t12 < povy(tia)
poiz(tag) = 1 —tog as(t12)

(18)

then, the following strategy profile constitutes an equilibrium:

(i,0,0) t < t12
(lf(t)a l;(t)7 l;(t)) - (O, 1523+t12’ O) tio <t < tgg

(07 07 ﬁ) t23 <t

Proof. Note that the strategy profile (I3, 3, 13) is precisely the efficient allocation when the
productivity functions are given by aq, pyas, and ag. (See Proposition 2 and Corollary 2.)
This implies that to3 > t15 and that the strategies are well defined. In order to see that they
constitute an equilibrium, it is enough to check that, along with Ay = t15, Ay = to3—112 and

A3 = 1 — a3, they satisfy conditions (7-8). We leave this mechanical task to the reader. m

Note that condition (18) sets a limit to how far from 1 can the congruence parameters
be for the above strategies to constitute an equilibrium. It also shows that the limit is not
symmetric: While player 2 can be arbitrarily self-centered, he cannot be too deferential.
Indeed, if p, is too small, then players 1 and 3 will be too self-centered and will want to
step on each other’s feet, so to speak. Figure 6 illustrates a case that meets this condition.
Note that, restricted to the interval [0,%23), the behavior of players 1 and 2 mimics the
two-player equilibrium. Similarly, restricted to the interval (¢2, 1], the behavior of players

2 and 3 also mimics the two-player equilibrium.

Next, when the chemistry indices are not neutral, the equilibrium (I5(t), l5(¢),15(t))

generates two intervals of tasks that may be shared by players 1 and 2, and by players 2
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Figure 6: Example of an equilibrium where p,py = pyps = 1.

it)
1

t23-112

12 23 1

and 3, respectively. The extreme points of these intervals are denoted ¢; and t,, and s9

and sz, respectively, and satisfy the following familiar conditions:

[ o

712(t1)
P2
Ya3(52)

Ps3

= [aw=[5o=

= 5 = P1712(t2)

= )\—3 = P2723(S3)'

The next proposition describes the equilibria when the congruence parameters are close

to one, and when the chemistry indices between players 1 and 2 and between players 2 and

3 are bigger than one. The proof consists of verifying that the stated strategies satisfy the

equilibrium conditions (7-8), and is left to the reader.

Proposition 7 (Chemistry between Adjacent Agents: Self-Centered) Assume that p,py >

1 and pyps > 1 and consider the strategies given by

(

((8), 1), 13()) =

\

1
(/\—1, O, 0) t < tl
pip 1_“/12(&2)) 1— le((tf))
1P2 Y12 vi2(t1
p1p2—1 ( A ! Az 0) te [tl’ tg]
1
(0,)\—2,0> t < (tQ,SQ)
1_“/237(;3)) 1— “/23((75))
P2P3 v23(t v23(t2
P2/’3*1< ’ A2 ’ A3 ) te [82783]
1
(0, 0, g) t > s3

where the tasks tq,ts,t3 and the multipliers A1, Ao, A3 are the solutions to conditions (19).
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If the congruence parameters are close enough to 1 so that to < so, the above strategies

constitute an equilibrium.

In this case, the equilibrium effort functions partition the set of tasks into five intervals.
There are four tasks, t; < ty < so < s3, such that:
- tasks in the interval [0,¢;) are performed exclusively by player 1;
- tasks in the interval [t1, 5] are performed by players 1 and 2, and
- tasks in the interval (o, s3] are performed exclusively by player 2,
- tasks in the interval [sq, s3] are performed by players 2 and 3,
- tasks in the interval (s3, 1] are performed exclusively by player 3.

Figure 7 depicts an equilibrium when p,p, > 1 and pyp; > 0. Note that, restricted
to the interval [0, s5), the behavior of players 1 and 2 mimics the two-player equilibrium.
Similarly, restricted to the interval (to,1], the behavior of players 2 and 3 mimics the

two-player equilibrium.

Figure 7: Example of an equilibrium where p;p, > 1 and p,p; > 1.

i(t)

The next proposition describes equilibria when both pairwise chemistry indices are
smaller than 1. The proof consists of checking that they satisfy the equilibrium condi-
tions (7-8), and is left to the reader.
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Proposition 8 (Chemistry between Adjacent Agents: Deferential) Assume that pypy < 1,

and pyps < 1, and consider the strategies given by:

/

(5:,0) te A
p1p H(;Q))_ H((tw)_1
1F2 n(t Kty
1=p1p2 ( At A > teb

(1), 15(2), 15(1)) = QO’ L) te A

P3P g (S3>>*1 ‘?“)rl

3P2 u(t Hisg

1—p3py ( Ay 7 A3 ) te ¢
1

\ (0, A—) te A

where Al = [O,tQ]UBl, A2 = [tl,Sg]UBQUCQ, Ag = [52, 1}U03, and B = (tg,t1>\ (Bl U Bg),
and where the tasks tq,1s, $2, 3 and the multipliers A\, Ao, A3 solve conditions (19). If the
congruence parameters are close enough to 1 so that t; < s3, the above strategies constitute

an equilibrium.

Figure 8 depicts an equilibrium when p,;p, < 1 and pyp; < 0. The equilibrium is an
extreme one in which By = By = Cy = (35 = (). Note that, restricted to the interval
[0, s3), the behavior of players 1 and 2 mimics the two-player equilibrium (Special Case
A). Similarly, restricted to the interval (¢1, 1], the behavior of players 2 and 3 mimics the

two-player equilibrium (Special Case A).

Figure 8: Example of an equilibrium where p,;p, < 1 and pyp; < 1.

i(t)

Finally, the next proposition describes equilibria in which individuals 1 and 2 have a
chemistry index less than one, while individuals 2 and 3 have a chemistry index bigger

than one.
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Proposition 9 (Chemistry between Adjacent Agents: Mized) Assume that pipy < 1, and

paps > 1, and consider the strategies given by:

(

()\Lla O) te Al
P1P: M(tf))* u(sft)Fl
1P2 n p(ty
1—p1pa ( A1 A2 > te B
(13 (1), 15(1), 15(2)) = (0,+) te Ay
pop 1,#23(53)) 1— M23((ti))
193 (t m ..
p2p23il (07 >\223 ) )\2:? 2 ) te []27.]3]
\ 0, %) t > js

where Ay = [0,t5] U By, As = [t1, j3] U By, and B = (ts,t1)\ (B1 U Bsy), and where the tasks
t1,ta, S2, 83 and the multipliers A\, A2, A3 solve conditions (19). If the congruence parameters

are close enough to 1 so that t, < ss, the above strategies constitute an equilibrium.

Summing up, the standard framework extended to n agents remains tractable when
individuals’” preferences do not deviate excessively from the value they bring to the firm,
and the Nash equilibria resemble exactly that of a collection of pairs of individuals who

behave as in the standard framework with two agents.

4 Discussion: Empirics

The labor and organizational economics literature offers scant insights into how employees
might infringe upon the prerogatives of others and the implications this has for workforce
and organizational structure. Even a minimal infringement because of preference hetero-
geneity or different personality traits generates a new class of organizational problems, the
nature of which involves strategic interactions.

We see many interesting directions in which the analysis may be taken, and perhaps the
most immediate one concerns empirics. Considering the recent empirical developments,
it is not inconceivable that rich datasets will soon allow us to know the extent to which
specialization is observed empirically, whether the division of labor is always efficient, and
whether specialization never moves against the schedule of comparative advantages. These
seem extremely strong predictions of the basic frictionless frameworks, predictions that are

intuitively unlikely to be always satisfied. Viewed from this perspective, the results we have
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obtained have the potential to explain (a) why a full division of labor might not always
occur in practice, even when tasks can be exchanged without cost (Deming (2017)), (b)
why, even under complete division of labor, individuals may still carry out tasks that
would be more efficiently performed by others, and (c¢) why workers’ specialization might
run counter to their comparative advantages. Frictions that create strategic interactions
in teamwork generate these patterns, and we have found that these patterns depend only
on the aggregate nature of the team. There are other predictions as well. For example,
without being exhaustive, we may expect that the scope of authority will be linked to
the nature of the team (and be greater in deferential teams), that when full specialization
is observed, the schedule of comparative advantages will more likely be respected in self-
centered teams than in deferential teams, or that self-centered teams will tend to exhibit
a lower overlap of tasks the closer they are to having a neutral chemistry.

Where are we more likely to find sufficiently rich datasets that would allow us to begin
implementing suitable empirical work? Predicting this in advance is challenging, but dif-
ferences in preferences and personalities (as different from differences in knowledge) may
perhaps be more prevalent in the formation of international production teams with indi-
viduals from different countries and cultures (see, for example, Antras et al. (2006, 2008)).
Settings in which team members are residual claimants sharing the fortunes and misfor-
tunes of the firm (as in partnerships and corporations that make worker compensation
contingent on company profits) would also seem better candidates than other settings.

In general, however, we believe the literature is approaching the point where it could
provide a decisive empirical impetus for studying Ricardian frameworks with frictions in
the near future. This optimism stems from its existing combination of observational data
(including survey data) and experimental approaches, which together could make empirical
investigations increasingly feasible. What variables would we need to observe? Here is some
empirical guidance:

World Management Survey WMS (http://worldmanagementsurvey.org). What
is often referred to as the new empirical economics of management has produced this high-
quality interview-based evaluation tool. It defines and scores key management practices

focusing on main areas (monitoring, targets, incentives/people management) and sectors
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(manufacturing, healthcare, education, and retail) with the goal of “digging deeper into the
black box of productivity across industries and countries.” In the case of the Manufacturing
Survey Instrument (Bloom et al., 2021), the survey asks directly “How much do managers
decide how tasks are allocated across workers in their teams?” We believe that it would
be ideal to extend the panel dimension of the WMS to include this question for all other
sectors as well. As for the available answers in the WMS, there are five options: either
managers or workers may make all, about equal, or most the decisions. While the whole
range of answers should be informative and empirically tractable, the cleanest empirical
settings would probably be those in which workers make all the decisions.

Tasks: A key innovation in Bassi et al. (2024) is to measure time use within the firm,
tracking how entrepreneurs and their employees allocate each hour of their workday to
many pre-specified tasks, including both production tasks (e.g., specific steps of the pro-
duction process) and non-production tasks (e.g., interacting with customers, supervision,
input procurement). Viewed from the perspective of our analysis, the critical additional
feature to add would be an assessment individual performances on those tasks. This would
allow us to know the schedule of comparative advantages, which is of course essential to
assess Ricardo-Roy models of production.

Preferences and Personality Types: As noted earlier, different settings (interna-
tional teams, corporations in which worker compensation is contingent on firms’ profits)
may offer observable outcomes that facilitate some inference on workers’ preferences. But
perhaps the more direct way is simply to assess workers’ personality and behavioral traits
explicitly, as in the economics literature on social behavior, cognitive and non-cognitive
abilities, psychology, and the Big-5 personality factors (e.g., Heckman, Stixrud and Urzua
(2006), Borghans et al. (2008), Almludn et al. (2011), Flinn, Todd and Wang (2024)).
This would seem readily feasible. Indeed, personality, intelligence and other psychology
tests are routinely used in a variety of settings including business, education, civil service,
and the military.

Social Skills: These skills can be a critical determinant of team production in many
settings. They are also different from, and harder to assess than, personality measures. As

Weidmann and Deming (2021) show, in order to measure these skills, absent any natural
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experiments, we may need to take an experimental approach. This could be implemented
at the same time as the individual performance on different tasks is assessed. Specifically,
their methodology randomly assigns individuals to multiple teams, and then measures each
team’s performance on different tasks.'* This allows measuring social skills and workers’
personalities separately, and thus also their separate impact on task allocation and team

performance given the schedule of comparative advantages.

Of course, an important question is the extent to which the predictions we have ob-
tained are robust to the inclusion social skills. To answer this question, we have considered
Deming’s (2017) model where the objective of the team is a monotonically increasing func-
tion of the sum of the individuals’ outputs, and individual ’s output is a function of the
labor inputs that he and his teammate devote to the various tasks applied towards this
output. Agents are characterized by their own productivity, but now this productivity is
lowered when effort is devoted to the teammate’s output.’® It is well known that when
all workers share the objective function of the firm, costly social skills generate a range
of non-traded tasks. Now, when individuals are characterized by congruence parameters
different from one so that, as in the preceding analyses, their preferences are not perfectly
aligned, what are the Nash equilibria in this model? What are the testable implications?
In an earlier working paper (Palacios-Huerta, Steinberg, and Volij (2024)) we find that: (1)
the efficient outcome is a Nash equilibrium only if every worker in the team is deferential;
otherwise, strategic interactions generate inefficient outcomes, and (2) all the Nash equi-
libria can be characterized precisely and their nature is the same as in the characterization
obtained in the standard Ricardian framework that we have studied. Moreover, it involves
exactly the same chemistry index.

The intuition for why the results are robust and the same findings obtain is that social

4Interestingly, in their study lab participants are assessed on three dimensions of the Big-5 personality
inventory that could have been readily applied to our description of individual types—Conscientiousness,
Extroversion, and Agreeableness. Agreeableness, for example, “is a personality trait referring to individ-
uals that are perceived as kind, sympathetic, cooperative, warm, honest, and considerate [and] reflecting
individual differences in cooperation and social harmony. People who score high on measures of agree-
ableness are empathetic and altruistic, while those with low agreeableness are prone to selfish, lack of
empathy.. and may show dark triad tendencies, such as narcissistic, antisocial, and manipulative behav-
ior” (https://en.wikipedia.org/wiki/Agreeableness)

15This formalization follows the one of transportation costs in Dornbusch, Fisher, and Samuelson (1977).
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skills basically act as a trading technology that is independent of preferences, and so it
continues to be the case that the nature of the players’ chemistry determines the class of
Nash equilibria while the individuals identities determine the scope of authority. Obviously,
what does change is, as in the case of social skills without frictions, the range of tasks in
which we may observe specialization: a greater the cost of trading tasks implies a greater
range of non-traded tasks.!® In terms of empirics, these results also mean that separating
social skills from personality characteristics would be necessary and sufficient to study the

same implications we have obtained.

5 Concluding Remarks

Krugman (1998) concludes his essay Ricardo’s Difficult Idea by noting that “Ricardo’s idea
is truly, madly, deeply difficult. But it is also utterly true, immensely sophisticated — and
extremely relevant to the modern world.” Over the last three decades, the emergence of
new datasets has significantly enriched our understanding of key empirical developments
in labor markets and firms. These advancements have highlighted the need for more com-
prehensive frameworks to study how changes in earnings and employment are shaped by
the interplay between worker skills, job tasks, technological advancements, and evolving
trading opportunities. It is, therefore, unsurprising that Ricardo’s ideas have become a cor-
nerstone not only in trade literature but also in these contemporary developments in labor
economics. What we find surprising, however, is that a common feature of all contributions
rooted in Ricardian team production frameworks is the absence of strategic interactions.
This omission is particularly striking given the central role strategic interactions play in
the extensive literature on the economics of firms and organizations. Our goal has been to
provide a first step toward bridging this gap by incorporating strategic considerations into
the Ricardian framework and exploring their implications for team production dynamics
and organizational outcomes.

In terms of empirics, a combination and extension of the existing surveys, tests, and

6Needless to say, other differences have to do with the different nature of the model. For example,
since this is a model in which a principal would be allowed to “delineate tasks,” he could find it optimal
to separate the tasks (say, physically) to prevent encroaching. We thank Jean Tirole for this point.
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methods already in place in the literature offer a promising avenue to test Ricardo-Roy
models with frictions arising from preferences. We conclude with three questions that in
our judgement would each be a good starting point for future research:

(a) Managers and Incentives. Our analysis has focused on preferences, and thus devi-
ates from standard incentive theory. However, once the framework is opened up to include
authority explicitly, the analysis will readily link to this literature (see, e.g., Prendergast
(2007, 2008), Halac and Prat (2016), Halac, Kremer and Winter (2024)). More generally,
there is no reason to expect that the organizational problem arising from strategic consid-
erations within teams will be independent from other problems why organizations fail (see
Garicano and Rayo (2016) for a thorough survey).

(b) Partnerships and Profit Sharing: Endogenous p;. When team members are all
residual claimants, incentives take a different form: “incentives are generated when an
individual empathizes with those whose income he affects” (Kandel and Lazear, 1992, p.
816). Thus, norms, mutual monitoring, corporate culture, peer pressure, shame and guilt
may operate as an endogenous formation of p;.

(c) Optimal Chemistry. We have taken as given the matching of types within a team. It
might be possible to derive the optimal chemistry (matching pattern) for a given (infinite)
population of types. This could have implications for the optimal regulation of tasks.
It would be worth investigating, under the assumption of asymmetric information when
agents privately know their type, whether matching—or possibly assortative matching—will

operate as an incentive device for agents to truthfully announce their type.
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A Appendix

This appendix is divided in two parts. In part A.1 we derive the efficient strategies in the
general case and prove Corolary 2. In part A.2 we characterize the Nash equilibria in the

standard framework with teamwork frictions.

A.1 Proof of Proposition 1 and Corollary 2

Proof of Proposition 1: A team-optimal strategy profile is the solution to the optimal
control problem (1). It exists since the objective function is continuous and the set of
allocations is compact in the weak-* topology. Uniqueness follows from the strict concavity
of the utility function and the linearity of the technology: if there were two team-optimal
allocations that differed on a set of tasks with positive measure, their convex combination
would be a feasible allocation and would result in a higher team-payoff, which is impossible.
The associated Hamiltonian is

H((li(t), )\i(t))?ﬂ) - u(i ai(t)li(t)> - i A(D1(1)

and the corresponding necessary conditions for a solution are

OH =
— / . . . —\. < ; ; 7. ;
L) U <ZE 1 oz,(t)lz(t))a,(t) Ai(t) <0 with equality if [;(t) > 0,7 € N (20a)

0 — N, ieN (20b)
/112-(15) — 1, ieN (20¢)

Consider a solution (I;(t), A;(t)) to the above conditions. By (20b), there is a constant \;
such that for all 7, A\;(t) = A;. Furthermore, by ( 20a), A; > 0. Since, lim, o u/(z) = oo,
at the solution, all tasks are performed, i.e., Y ", a;(t)l;(t) > 0. Consequently, it follows
from (20a) that for the tasks performed by agent i we have that

> 2 €N, l;(t) >0
Define for each agent i,
I = {t €[0,1]: O‘;(t) > O‘J;t) for all j € N}. (21)
i J

The set I; is the set of tasks that are performed by agent ¢. By Assumption 1, it is a

finite or countable union of intervals. Since for every ¢ € [0, 1] there is a player i such

that O‘/\—(t) > af\—(t) for all j € N, we have that U;I; = [0, 1]. Also, by (20c), these sets are
i J
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non-empty. As a result, since the sets I; are compact and the interval [0, 1] is connected,
for each ¢, there must be a j # ¢ such that I; N I; # 0. Therefore, if ¢;; € I, N I;, then
% = i‘— Therefore, for ¢t € int I;, we have that [;(t) > 0 and [;(t) = 0, for i € N,
I\ J

i # j, and consequently, by (20a)

n

o' () ai)lit))au(t) = o (o (L (1)as(t) = X;  t € intl

=1

which implies,

Since fol li(t) = fI]- li(t) =1,

J = / () am !

We conclude that the team’s optimal strategies satisfy

w ! A L te I;
Li(t) = <f"f(t)> (1) ieN (22)
0 te I,
where for each i € N,
a;(t) _ p(ly) :
Ii:{te[o,l]: > : forall j e N ;. u
a;(t) — p(l)

Proof of Corollary 2: Recall that at the optimum, the sets of tasks assigned to the

agents satisfy

. Canlt)  plh) ault) (i)
i = {t €1[0,1]: a(t) = (L) s(t) - p( A3)}
- Caa(t)  pllh) as(t) _ p(ly)
L = {t <1 (1) - M([Al)’ as(t) ; 2 A3)}
- Cas(t) _ plly) as(t) _ p(ls)
Iy = {t <01 ay(t) - M(fl)’ a(t) - 1( AQ)}

Since none of them is empty, there are t; and ¢, such that

i (t) N u(ly) _ ou(ts)
as(ty) ~ p(ly) — aolte)

By the intermediate value theorem, there is 15 such that




Since 3;8 is decreasing, this means that t ¢ fg for all t < t19, and ¢ ¢ fl for all t > 9.

Similarly, there is to3 such that X
az(tas) _ p(la)

as(tzs)  p(ls)
ag(t)

and since (0 is decreasing, this means that ¢ ¢ fg for all ¢ > to3, and t ¢ fg for all t < to3.

Since I is non-empty, we conclude that t15 < t3. As a result, since LUulLbUl; = [0, 1],
the tasks on which the players specialize are given by

fl = [0, t12], fz = [t12, tag], fg = [to3, 1]. (23)

The result then follows from Proposition 2. ]

A.2 Characterization of Equilibria under Frictions

Proof of Proposition 3: Assume that p,p, = 1. In this case, conditions (7-8) become

pro(t) . .
— X < 0 with equality if I7(¢) > 0 243,
e OG0+ OB@ S quality 1 517 (242)
t
as(t) — Xy < 0 with equality if I5(¢) > 0 (24b)

praa ()5 () + aa(t)l5(2)

/ L) = / L(t) = 1 (24c)

Comparing these conditions to the conditions for efficiency in (20), we see that they are
obtained from (20) by simply replacing «a;(t) by p;aq(t). Therefore, we can conclude that
when p,p, = 1, the equilibrium strategies are given by

(£,0) t<t*
(I3(t),15(t)) = { anything t=t*
0,2%) t>t

where t* satisfies

) = .
p() =%

Having dealt with the case where p,p, = 1, we henceforth assume that p,p, # 1. Recall
that the equilibrium strategies assume the form (see equation (14))

(/\%’ 0) te Ay
OI0) = 4 eea (POO-R HRY o (25)
1\ %2 o 91P2*1< Aoyt 0 A ) be
1
(()’ )\_2> te A
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Furthermore, since in equilibrium players use up all their effort, we have that

Afwzékmzl (26)

Since (I5(t),15(t)) > (0,0) for all t € B, we must have

P1P2 A1
——— () =+
P1P2 — 1< 11t) A2

P1P2 ﬁ () >

p1P2 =1 A P2

) > 0 forallteB (27a)
0 forallt € B (27b)

Given that « is decreasing, these two inequalities imply that the tasks in B will all belong
to an interval whose extreme points, t; and t,, satisfy

ﬁ?:%:pmm. (28)

Let t; and t5 solve the above equations. These two critical tasks will be used in the next

two proofs.

Proof of Proposition 4: Since p,p, > 1 and () is decreasing, it follows from (28) that
t1 < to. It follows from (27) that

M < ﬁ < py(8) for all t € B. (29)

Also, using (28) we have that

M > ﬁ forall t < t;
P2 A2
A1

— > p(t) for all ¢ > t,.
A2

These two inequalities, along with (29) imply that B C [t1,ts]. It follows from (8) that

ﬁ < &, for all t € A;.

A2 P2

Since 7 is decreasing, it follows from (28) that

ﬂ<ﬁf01rallt>tl.
P2 A2

These two inequalities imply that A; C [0,¢;]. Similarly, it follows from (7) that

p1Y(t) < % for all t € Ay
2
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and since 7 is decreasing, it follows from (28) that

A
)\—1 < pyy(t) forall t <ty
2

which implies that Ay C [t2, 1]. Since A; U B U Ay = [0, 1], we conclude that

[O,tl) C A C [O,tl]
(tl, tg) C B C [tl, tz]
(tz, 1] C Ay C [tg, 1]

Summarizing, the equilibrium is given by

(5:,0) t<t
* * P ’Y(t)_kf1 21
0. 50) = 2 (S 25 ) te bt
(o, %) >t

where the tasks ¢1,¢2 and the multipliers A;, Ay are characterized by (26) and (28). Using

(28), the equilibrium strategies can be written as

(%,0) t<t
e _2)
G, 150) = 5o (20, =55 e b
1
(O, /\—2> t >ty

It remains to show that the equilibrium critical tasks and multipliers are unique. Sup-
pose that ({1(t),l5(t)) and (I} (t), 15(t)) are two equilibria with parameters (¢, t2, A1, A2) and
(t,th, A1, Ay), respectively. Then, the following equalities hold:

t A
(L) (30)
~(t] \
(p;) = A= o). (30b)
2

Suppose without loss of generality that ¢; < ¢]. Then, :\\—; > i—i and to < t,. The uniqueness

will follow from the next three claims.
Claim 1 \] > \;.

Proof. Assume by contradiction that A} < A;. There are two cases to consider:

44



Case 1: t| <t,. Given that v is decreasing,

Therefore,

1 < 1
A1 A
0
12 (¢ /
< —< telt,t
ppa—1 A 1 1 )
oy 14 R )
12 y(t 12 y(t /
< t € [t],ts]
ppe—1 A pip2—1 N '
7(t2)
/1 () :/tli+/t2 por 150
0 0o M n PP2—1 A
’ . ~(t2) . ~(t2)
/tl 1 + /tl P1P2 RON /t2 pipy L V()
0 1 t1 P1P2 — 1 /\1 th P1P2 — 1 /\1
/ y(ty) / 7(t5)
/t1i+/tli+/t2 P1P2 _7(1t2)_{_/t2 pps 1736
o A t1 X v p1P2—1 X t, P1P2—1 X
/ / _ y(t2)
/tl 1 " /t2 P 1750 _ /1 () =1
/ - 1 —
0 M ¢, P1P2 — LN 0

which is absurd.

Case 2: t| > t5. In this case we have that

Then,

which is absurd.

We conclude that A\] > \;. m

Claim 2 )\, < \,.

1

A

_ altr)

P1P2 ()

p1py — 1 A1
1
SR

0

1
Y
< L t € [t1,ts]
>~ )\1 /1 1,02
(t2)
R LS
0 1 t1 P1P2 — 1 A1
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Proof. Assume by contradiction that A, > \,. There are two cases to consider:

Case 1: t| <t,. Given that v is decreasing,

1 - 1
Ao Ay
(@)
1 L pe 1 75m@) ,
— > > ! t € |ta,t
A2 Ay Toppe— 1N 2]
N prp G
1P2 vt 1P2 - (# /
> te|t),t
pipa—1 A pip2—1 X i)
Therefore,
7(@®)
_ e [ e -5 t1
1= = L
0 n PP — 1 A )\2
! 20 _
_ /tl P1P2 () +/t2 P1P2 t1) /t2 1 '
6 Pp2—1 A ¢, P1P2 — LA t )\2
) / _
S / 0+/ P1P2 >+/t2 prpy L v(t’l)+ s
PP —1 Ay P2 —1 A th Ay
:/t/2 P1P2 i:/l (t)=1
t, Pip2 — 1 th A 0
which is absurd.
Case 2: t| > t;. We have that
1 N 1
A2 A
1 PPy~ 7((_t)>
1P2 y(th Iy
—_ > 2> telt),t
A2 Ay T opp— 1N .
Then,
()
1 = /1l*(t):/t2 P1P2 () _|_/1 1
0 2 t1 ppo - ]‘ A2 to
g : P1P2

>

P1P2

which is absurd.

We conclude that A, < X,. m

46

~ t’l) / /l
—1 N Ay ?



Claim 3 X, = )\, and N, = \o.

Proof. We know by the previous claims that )\’1 > )\ and )\'2 < Ay. Assume by contradic-
tion that at least one of these inequalities is strict. In this case we have :\\—; < i—i, which we
know not to be true. m

Since A\] = A; and A\, = ), it follows from equations (30) that (¢;, to, A1, Ae) =
(7, th, A1, A5). m

Proof of Proposition 5: Since p;p, < 1, it follows from (28) that to < t;. Since 7 is
decreasing, it follows from (27) that

A t
o)< < X e (31)
A2 P2
Also, by (28) we have that
M < ﬁ forall t > t;
P2 A2
A1

— < p(t) for all ¢ < t,.

These two inequalities, along with (31) imply that B C [t9,¢;]. It follows from (7-8) that
P2

- <0 forallte A
y(O/M T 1
t
pr)(\z) - < 0 for all t € As.
or, rearranging,
ﬁ < @ for all t € Ay
A2 P2
A1
() < — for all t € A,.
A2
It follows from (28) that
A
a0 M forall t > t;
A2 P2
A1
py(t) > — for all ¢ < ts.

2

These two inequalities imply that, A; C [0,¢;] and Ay C [ts, 1]. Therefore,

A1 — [O, t2) U B1
A2 — BQ U (tl, 1]
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where B; and B are two disjoint subsets such that where {Bj, By, B} is a partition of
[to, 1] into three measurable cells. The tasks in B; are performed exclusively by player 1.
The tasks in By are performed exclusively by player 2. The tasks in B are simultaneously
performed by both players. Except for the requirement that they satisfy (26), the partition
can be arbitrary. [

Special Cases. There are two extreme types of equilibrium when p,p, < 1, one in which
B = () and the other when B = [to, t1].

Special Case A: In this case, the equilibrium strategies have the following form:

o (%30) te A
CIORAD)ER b
QLE> te A,
where
[ Lo Lo
A A Ay A2
This implies that
/\1 = |A1|, )\2 = |A2| (33)

We see that for some o € [0,1], A(By) = a(t; — t2) and A\(By) = (1 — a)(t; — ta).
Then, by (33)

)\1 = ’A1| = tz + Oé(tl — tg)

)\2 = ’A2| = (]. —t1> + (1 —Oé)(tl —t2> =1- /\1.

We conclude that the equilibrium must satisfy

totalti—t) _ y(t)
pry(ta) = =—
1-— tg — a(tl — tg) P2

for some a € [0, 1], ¢, and t,.

Special Case B: In this case, in which the support of the equilibrium strategies are
intervals, namely A; = [0,t*) and Ay = [t*, 1], we have that
t ()

t pr— pr—
pyta) = 7 ”

for some t; and t;. These two equations characterize an equilibrium as long as
t* € [t,t], where the bounds t and ¢ are defined by

_ f
0 = —
p17(t) 7
()
1—-1 Py



In the equilibrium where B = [y, ¢1] the equilibrium is given by ( 25) where

[0,t2) C A C [0,t9]
(to,t1) C B C [ta, 1]
(tl,l] C AQ C [tl,l]

and the tasks ¢, and the multipliers A;, Ay are characterized by (26) and (28).

49



