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Abstract
We construct a directed search model of team production. Teams have an optimal size
as workers’ productivity may positively depend on the presence of other workers, generating
local increasing returns to scale. We demonstrate that increasing the complementarity between
workers within a team increases dispersion in wages. This suggests that the proliferation of
human resource management practices that emphasize team production may have contributed to
the increase in income inequality in recent decades. Additionally, we demonstrate that efficiency
in competing auctions model may require a reserve price in excess of the seller’s valuation if
there are positive externalities among buyers.
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Introduction

Over the past three decades, organizational change within firms has lead to a proliferation of
modern human resource management practices, such as self-managed teams and performance pay
(e.g. Bloom and Van Reenen, 2010). Concurrent with these changes to the internal organization
of firms, income inequality both across (skill premium) and within (residual inequality) groups of
similar workers rose markedly, especially among workers in the top half of the income distribution
(e.g. Autor et al., 2008).1 In this paper, we ask whether the changes to the internal organization
of firms, embodied by an increased prevalence of team work may have contributed to the observed
increase in inequality. 2
In teamwork the productivity of one team member depends on the presence of other team
members, i.e. there are complementarities between workers. Therefore, as the organization of firms
evolves from one in which individual workers produce independently, to one in which the presence
of other workers is crucial for a worker’s productivity, the dispersion of workers’ productivity and
wages may increase. To study this question, we develop a framework in which teams produce a
homogenous good with identical S-shaped production technologies, using labor as the only input.
The S-shaped technology captures that production on the firm level is organized in teams and that
for small enough teams the addition of new members may increase the average productivity of
all members (for example, because of increased specialization or complementary skills). However,
once a team becomes sufficiently large, the gains from further specialization are outweighed by the
increased coordination necessary and the average product begins to decrease.
Teams recruit workers in a frictional labor market in which unmatched workers can only apply
to one team and cannot coordinate with each other on which team to apply to. We follow the
directed search literature in that we allow teams to post a trading mechanism before workers
decide which team to apply to. 3 We consider two types of mechanisms. First, we begin by assuming
1
Autor et al. (2005) report that “male 90/50 (upper-tail) residual wage inequality rose during both halves of the
sample: by 4.4 log points from 1973 to 1989 and by 4.0 log points from 1989 to 2005.”
2
Lemieux et al. (2009) find that the incentive side of modern human resource management, the growing incidence
of performance-pay, can help to explain a significant amount of the the growth in wage dispersion, especially on the
top of the earnings distribution.
3
See Peters (1984) for an early contribution and Montgomery (1991) and Burdett et al. (2001) for further
development of that approach.
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that teams run simple auctions: all workers on a team submit their wage demands and the team
selects workers based on the bids. Due to the presence of increasing returns for small teams, the
resulting equilibrium is not constrained efficient. Small teams attract an inefficiently small number
of applicants since workers are not fully rewarded for their strategic complementarity. Efficiency
requires that each worker receive her marginal product, which is not feasible in the presence of
increasing returns since any wage demand is limited by the worker’s average product.
We then consider competing auctions in which teams compete against each other for applicants
by posting an amenity. The resulting competition among teams leads to a constrained efficient
allocation, but the posted amenity is not zero for teams with increasing returns. This contrasts
to the existing literature on competing auctions (Peters and Severinov, 1997, Julien et al. 2000,
Albrecht et al. 2012, 2014), which finds that a reserve price of zero implements the constrained
efficient allocation. However, typically only two agents trade with each other in these models, which
is akin to assuming constant returns. Here we show that deviating from the assumption of constant
returns breaks the zero reserve price result. 4
We then extend the static model into a dynamic framework and show computationally that
the model can qualitatively deliver an increase in residual wage inequality as the complementarity
between workers in a team increases. Workers who are employed on ideal-sized teams (producing
at the maximum of the average product curve) extract all surplus through the auction and hence
receive high wages. Workers who are employed on teams with fewer than the average product
maximizing number of workers accept a low wage today because of the option value of growing into
an ideal-sized team in the future. Previously, under constant returns to scale, this option value was
not present and wages on these teams were higher and the wage dispersion was lower.
While search models often do not generate much wage dispersion (e.g. Hornstein et al., 2011),
the auction model with on-the-job search has proven successful in generating residual wage disparity
(Julien et al., 2006). In our model, workers do not search on the job, but rather partially filled
teams continue attracting new workers until the optimal team size is reached. Therefore, teams
have a high reservation value in the auction stage, but workers are able to extract much of the
4

Lester et al. (2015) demonstrate that the zero reserve price result also critically hinges on the meeting technology
between buyers and sellers.
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surplus. If the number of workers is smaller or equal to the number of spots on the team, the
workers extract all surplus, while the opposite is true if there are more workers than spots. This
leads to a dispersion in wages, even if the workers’ productivity is independent of the team size;
the coefficient of variation of wages with constant return teams is 0.79. Changes to the production
technology change the distribution of surplus, increasing wages on ideal-sized teams at the expense
of wages on smaller teams, therefore increasing wage dispersion. With critical mass teams (no
output is produced unless the team is fully staffed) the coefficient of variation of wages is 1.3.
Some previous work has investigated directed search models with multi-worker firms; these
models use wage posting rather than the competing auctions mechanism we study. 5 The model
closest to ours is Tan (2012), who studies a directed search model in which firms have an optimal
size, giving rise to local increasing returns. In that model, firms can have an optimal size of either
one or two workers and she finds that firms which seek to hire two workers post larger wages if the
local increasing returns are sufficiently strong. While we share the idea of local increasing returns in
production, our focus on the auction equilibrium leads us to a natural exploration of the efficiency
properties of our environment and her focus is the wage-size differential across firms, rather than
income inequality. Shi (2002) also considers a directed search model in which a firm can hire a
second worker. However, in that model the source of local increasing returns is that firms with two
workers can charge higher prices in a frictional goods market, giving rise to a positive size-wage
differential even if both workers are equally productive. 6
Our paper is also related to the literature studying the sale of multiple items in a directed search
framework. In Burdett et al. (2001), the market outcome depends on the number of units for sale
at each seller, buyers’ valuations are independent of the number of buyers at a seller’s location.
Geromichalos (2012) studies a directed search model in which sellers of goods post general trading
mechanisms in which the price and quantity sold depend on the number of buyers. His focus is on
describing the matching technology; while his setup allows for a positive consumption externality
5

In addition to the papers discussed here, several other authors have developed search models with “large firms.”
These models typically feature a decreasing returns to scale production technology and are used for quantitative
analysis. See, for example, Hawkins (2013) and Kaas and Kircher (2013) for models with a competitive search
environment and Helpman et al. (2010) and Cosar et al. (2014) for models with a random search environment.
6
Lester (2010) studies a model in which firms can hire either one or two workers, but focuses on the case in which
each worker produces the same output and firms differ in the cost of creating vacancies.
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Figure 1: Team Production Technology
between buyers (corresponding to increasing returns), he does not explore that possibility in his
analysis. In a related paper (Julien et al., 2014), we explicitly focus on the case of a good with a
positive consumption externality and show that the competing auction equilibrium is efficient and
sellers post a negative reserve price.
The remainder of the paper is consists of two parts. In section 2, we develop a model of team
production and study the efficiency of its directed search equilibrium. In section 3, we extend the
static model into a dynamic framework and explore its implications for wage dispersion.

2

Static Model

There is large, exogenous number of teams, denoted n. Teams differ by the number of incumbent
workers; let n(ẽ) to denote the number of teams at the start of the period with ẽ incumbent workers.
A team produces y(e) units of output, where e denotes the number of workers employed by that
team after the matching stage (described below). We assume that smaller teams may be subject to
increasing average productivity and large teams are subject to diminishing average productivity. 7
Figure 1 depicts a function y (e) with this property. Let e∗ denote the maximum output per agent
on a team, i.e. y(e∗ )/e∗ ≥ y(e)/e, ∀ e. Note that while the marginal product is diminishing for some
7

This technology is consistent with a conventional U-shaped average cost curve for the production of output by
a group where the costs are measured by the number of members in the group.
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e < e∗ , only if e > e∗ does the average product exceed the marginal product. Going forward, we call
teams with e < e∗ as having increasing returns and teams with e > e∗ as having decreasing returns.
Also, there is a maximum team size, denoted ˉe. Any workers in excess of eˉ have a non-positive
marginal product, i.e. y(ˉ
e) ≥ y(e), ∀ e > eˉ.
The total number of workers in this market is determined by free entry and exit. Therefore,
any workers who enters this economy at the start of the period must earn an expected return of
W > 0, the cost of entry.
The problem of determining team membership and pricing in this economy is modeled as a
three stage game. In the first stage, the teams post vacancies and choose a wage determination
mechanism. We begin by assuming that teams post a simple auction without reserve price and then
explore competing auctions. In the second stage, workers enter and decide which team to apply to.
Workers can only apply to one team and and cannot coordinate with each other. As common in the
literature, we focus on symmetric mixed strategies, that is workers apply to identical teams with
equal probabilities. In the third stage, workers auction their labor services to the highest bidder
(or, in the case of wage posting, the firm selects at random from the number of applicants) and
production occurs.

2.1

Efficient Allocation

We begin our analysis by describing the constrained efficient allocation. Consider a planner who
takes as given the problem of coordination and maximizes the value of a team subject to the
alternative payoffs of each agent. The social planners can add new workers at a cost of W and
create exits and earn a return of W. Therefore, the planner’s problem for a team that has e
incumbent workers is to choose queue lengths q(e) and exits x(e) to solve
Z(e) = max

q,x≥0

(

∞
X
z=0

)

y (e − x + z) P r(z | q(e)) − W q(e) + W x(e), 0 ,

where
P r(z | q(e)) =

6

(q (e))z −q(e)
,
e
z!

(1)

is the number of arriving bidders as a function of the expected queue length. 8
If the optimal queue length q ∗ (e) is positive, the solution of the social planning problem is
given by the following first-order condition,
W =

∞
X
z=0

[y (e + z + 1) − y (e + z)]

(q ∗ (e))z −q(e∗ )
e
z!

(2)

and the number of exits is equal to zero. If the optimal queue length is zero, the number of exits
is determined by the condition that the marginal productivity is equal to the outside value of a
worker:
W = y (e − x∗ (e)) − y (e − x∗ (e) − 1) .

2.2

(3)

Simple Auction

First, to fix ideas, assume that all teams post simple auctions. In that auction game, the incumbent
workers and the unemployed workers who selected that specific team attempt to sell their labor
services to the team by submitting their wage demand. The team (buyer) selects the lowest bidders
to fill the vacancies on the team. In the case of more lowest bid applicants then vacancies the team
randomly selects among those applicants.
In this game, the equilibrium wage-bid function of each worker is given by:

w(e) =



 4e



y(e)
e

if

e ≥ e∗

if

e < e∗

(4)

where e is the number of bidders and Δ e = y(e) − y(e − 1) denotes the marginal productivity of the
eth worker. To see that this is an equilibrium bidding function first consider the case of diminishing
returns, i.e. the case e ≥ e∗ . In that case, if all other workers demand their marginal product,
an individual worker finds it optimal to also bid the marginal product. Any bid in excess of the
marginal product will be declined but a bid at the marginal product will be accepted and a smaller

8
Recall that we restrict our attention to the symmetric equilibrium in which identical workers randomize among
identical teams. Assuming a large market, the probability that a team is visited by z new workers is then Poisson
distributed with parameter q(e), see Julien et al. (2000).
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bid does not increase the acceptance probability. Note that this implies that the wage will be zero
if e > eˉ.
Now consider the case of increasing returns, i.e. e ≤ e∗ . A bid by each agent for their marginal
contribution is not feasible given the output of the team. The maximum a team can pay each
worker is her average product. Hence, for each bidder, it is a best strategy to bid y (e) /e, if the
others are bidding y (e) /e. Bidding higher (i.e. asking for a higher share of output) than y (e) /e
is not feasible, because total output is y (e), and bidding lower than y (e) /e does not change the
probability of acceptance, which is one if the bidder chooses y (e) /e. Note that in the case of
diminishing average product, e > e∗ , a wage bid of the average product is feasible but not optimal.
If all e workers demanded their average product, the team would hire fewer than e workers and
make a positive profit. Each worker could then increase her probability of being hired by bidding
less. With decreasing returns the maximum wage bid that leads to the team hiring the worker with
probability one is her marginal product.
Let q (e) denote the expected queue length of applicants to a team with e incumbent members.
This queue length is the outcome of free entry of agents subject to the assumption that these agents
play common mixed strategies over which seller to visit in this market. Let Ŵ (e) be the expected
utility of an incumbent member on a club with e incumbent agents. If the queue length for any
particular club type is q (e), the expected payoff of this incumbent agent is given by
Ŵ (e, q (e)) =

∞
X
z=0

w (e + z) P r(z | q (e))

(5)

where
P r(z | q (e)) =

(q (e))z −q(e)
e
z!

is the number of arriving bidders as a function of the expected queue length. An incumbent worker
on a team with e incumbents can choose to stay, σ(e) = 0, or exit σ(e) = 1. Therefore, the
incumbent solves

n
o
σ ∗ (e | W ) = arg max (1 − σ(e))Ŵ (e, W ) + σ(e)W

(6)

σ(e)

If any agent chooses to remain on the team, we must have Ŵ (e) ≥ W since agent can always quit.
8

Similarly, if an agents enters this economy, their expected payoff of choosing a team with e
incumbent workers is given by
W (e, q (e)) =

∞
X
z=0

w (e + z + 1) P r(z | q (e)),

(7)

which is the wage paid if the worker and z additional new workers apply to a team with e incumbent
workers times the probability that z additional workers also chose this team. If the queue length
at a team is positive, the free entry of agents gives W = W (e, q (e)).
Proposition 2.1. If incumbent membership is greater than e∗ , the social planning solution is
equivalent to the decentralized equilibrium with simple auctions. Otherwise the social planner prefers
a longer queue of buyers (q ∗ (e) ≥ q (e)).
Proof. Let t (e) denote the difference between the right hand side of the social planner’s firstorder condition, (2), and the right hand side of the free entry condition, (11), evaluated at q ∗ (e),
W = W (e, q ∗ (e)). This gives
t(e) =
=

∞
X

4e P r(z | q (e)) −

z=0
∗ −e 
eX
z=0

∗

4e+z −

∞
X
z=0

w (e + z + 1) P r(z | q ∗ (e))


y (e + z) (q ∗ (e))z −(q∗ (e))
e
e+z
z!

(8)

If the team production function y(e) is not subject to increasing returns, then there exists a solution
to the simple auction model that is identical to the social planner’s solution. However, if there is a
region of local increasing returns to scale, where 4e >

y(e)
e ,

then t (e) is positive if the queue length

is equal to q ∗ (e). The smaller individual payoffs in this region means that the overall queue length
is shorter in the decentralized economy.
In the case of diminishing returns to scale, each bidder extracts their marginal contribution.
This is an obvious requirement for efficient decisions within an organization, because the bidders
are then rewarded their marginal returns to the value of a match.
With increasing returns, the worker does not receive his full contribution and hence there will
9

be inefficiently little entry. In essence, the worker has a positive externality on all other workers
in his team that she is not fully rewarded for. The function t (e) can thusly be interpreted as
the subsidy on worker entry that can be used to implement the social planner’s solution. 9 If the
social efficient queue length is positive, then the incumbents should not quit. Therefore, the same
subsidy must also be awarded to incumbents in order to ensure that they do not quit. Consequently,
the implementation of the subsidy is complicated by the fact that similar transfers must also be
awarded to incumbents.

2.3

Competing auctions equilibrium

Now consider the possibility that teams can advertise amenities before workers make their search
decision.10 An interpretation of such an amenity could be the provision of health care benefits,
gym memberships or firm provided lunches. Let the amenity be denoted d. Therefore, workers
may submit bids against the team’s output and the amenity, i.e. from the viewpoint of the worker
“output function” is now given by y(e) + d(e). Given this amenity, the wage-bid function of an
agent is given by:

w(e, d) =



 4e



y(e)+d
e

if

e ≥ e∗

if

e∗

e<

(9)

where Δe = y(e) − y(e − 1) denotes the marginal productivity of the eth worker. Note that the
amenity cause higher bids (greater demands for surplus) only if e < e∗ . Otherwise, competitive
bidding returns the entire cost of the amenity back to the team. Consequently, the amenity has
no effect on the team’s profits if the team is subject to diminishing returns to scale for all possible
employment levels.
Given this wage-bid function, the expected wage of applying to a team with e incumbents and
9
This is related to the result in Mortensen (2009) that in an island matching model with random matching a
simple auction does not solve the coordination problem; to implement the constrained efficient allocation, a tax on
island entry is needed. Here a subsidy (negative “Mortensen tax”) on worker entry is needed since the planner’s
coordination incentive is stronger than the individual agents’ coordination incentive under a simple auction.
10
Alternatively, teams can also promise all applicants a payment for applying to the team. Note that a minimum
wage promise that workers could not underbid would not lead to an efficient outcome since teams would restrict
hiring such that the marginal product of the last worker is equal to the minimum wage.
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posted amenity d as function of the queue length is given by:
W (e, d, q) =w(e + 1, d)e−q(e,d) + w(e + 2, d)q (e, d) e−q(e,d)
+ w(e + 3, d)

(10)

(q (e, d))2 −q(e,d)
(q (e, d))3 −q(e,d)
+ w(e + 4, d)
+ ...
e
e
2
3!

Since workers are free to enter or exit and have an outside option W , the queue length have to
satisfy
W (e, d, q) ≤ W, q(e) ≥ 0, q(e) (W (e, d, q) − W ) = 0

(11)

Lemma 1. The reaction function of workers to the amenity is well behaved,
i.e. q 0 (d, e) ≡

∂q 0 (d,e)
∂d

> 0.

Proof. Totally differentiate the function W = W (e, d, q) as follows:
0=

1 −q(e,d)
e
− w(e + 1, d)q 0 (e, d) e−q(e,d)
e+1
h
i
1
+
q (e, d) e−q(e,d) − w(e + 2, d)q 0 (e, d) e−q(e,d) + q (e, d) e−q(e,d)
e+2
"

#
2
1 q (e, d)2 −q(e,d)
q
(e,
d)
+
− w(e + 3, d)q 0 (e, d) q (e, d) e−q(e,d) +
e
e−q(e,d) + ...
e+3
2
2

Collecting terms, it follows straightforward that q 0 (e, d) > 0.
The function q (e, d) is increasing in the amenity d, because the payoff of the worker is made
higher in every realization of applicants when the team has an increasing average product, e < e∗
and the payoff is independent of the realization of the number of applicants when these realizations
are in the region of decreasing average product, e > e∗ .
Given this well behaved reaction function between worker queues and team amenities, we can
now describe the seller’s problem.
S(e, d) = max
q,d

(

∞
X
z=0

(y(e + z) − w(e + z, d)) P r (z | q (d, e))

)

subject to the worker’s optimal search decision, (11). Substituting out w(e, d) using the constraint
11

gives:

S(e, d) = max
d

(

∞
X
z=0

(y (e + z)) P r(z | q (d, e)) − W q (d, e)

)

(12)

The first order condition of the seller’s problem is given by
"

∞
X
z=0

#
(q ∗∗ (e))z −q∗∗ (e) 0
[y (e + z + 1) − y (e + z)]
q (d, e) = W q 0 (d, e).
e
z!

Thus

∞
X
z=0

4e+z

(q ∗ (e))z −q∗ (e)
=W
e
z!

(13)

We can prove the following proposition.
Proposition 2.2. The competing auction equilibrium is constrained efficient.
Proof. Follows from the team’s and planner’s first-order condition, (13) and (2).
Obviously, an incumbent will also choose not to quit if the queue length is positive in equilibrium. Therefore, this decentralized equilibrium also implements efficient quitting if the queue
length is positive. Moreover, if the queue length is zero, the quitting decision is also constrained
efficient, because the equilibrium amenity is zero, and thus the private decision to quit is equivalent
to that given by the social planner.

3

Dynamic model

The dynamic model is a repeated version of the static model with free entry of workers and a fixed
number of teams.11 The workers are long lived, risk neutral and have a common discount factor of
β. Each unmatched worker has an opportunity cost of W . A team with e members continues to
produce y (e) units of output, but now each team is subject to a constant and random rate of exit,
δ > 0, such that all employed workers become unemployed. The exiting team is replaced by a new
team with zero incumbent workers. To simplify exposition, we assume that a team may employ
11

Alternatively, we can also assume that there is also a fixed number of agents and solve for the expected return
to unmatched agent. See Kennes and Knowles (2012), for example.
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one or two workers, i.e. y(e) = y(2), ∀ e > 2, but the model can be extended to allow for more than
two workers.
Let Λ (e) denotes the joint value of a team after unemployed workers approached the team and
are bidding for employment.

Λ (e) =




β(1 − δ)J(0)





 y(1) + β [δW + (1 − δ) J(1)]



y(2) + β [δ2W + (1 − δ) J(2)]





 y(2) + β [δ2W + (1 − δ) J(2)] + (e − 2)βW

if

e=0

if

e=1

if

e=2

if

e>2

(14)

where J(e) denotes expected joint value of a team with e incumbent workers at the beginning of
the period, prior to unemployed workers making their search decision:
J (e) =

∞
X
z=0

P r (z | q (e)) Λ (e + z) .

(15)

The joint value of a team is the current team output plus the continuation value of the team
including the opportunities for rematching of the workers not hired and laid off if the team is
subject to the exit shock. If the team does not exit, the following outcomes are dependent on how
many applicants the team has in the current period. If e ≤ 2, then all applicants are hired in the
current period and retained in the next period. If e > 2, then only 2 workers are hired in the
current period and retained in the next period. 12
Using this, the bidding function of each agent is given by

S (e) =



 Λ (e) − Λ (e − 1) if



Λ(e)−Λ(0)
e

if

e > ê

(16)

e ≤ ê

where S (e) denotes the bidder’s share of joint value. The employment level ê is the level at which
the joint value function switches from increasing to decreasing returns, making it feasible for teams
12
If y(2)/2 is sufficiently smaller than y(1), i.e. if the technology experiences strongly diminishing marginal returns,
it is possible that one worker would decide to leave at the beginning of the next period and search for a new team.
We rule this out by assumption.

13

to pay workers their marginal contribution. With size teams who can employ either one or two
workers, the interesting case is ê = 2; for the first worker, average and marginal surplus contribution
coincide and workers in excess of 2 add only their continuation value βW .
The expected value of approaching a team with e workers and a queue length q(e), W (e, q(e))
is given by:


W (0, q (0)) =e−q(0) S(1) + q(0)e−q(0) S(2) + 1 − e−q(0) − q(0)e−q(0) βW


W (1, q (1)) =e−q(1) S(2) + 1 − e−q(1) βW

(17)
(18)

Similarly, the expected payoff of an incumbent worker employed by a team with e incumbents is
given by:


Ŵ (1, q (1)) =e−q(1) S(1) + q(1)e−q(1) S(2) + 1 − e−q(1) − q(1)e−q(1) βW

Ŵ (2, q (2)) =S(2)

(19)
(20)

Here we used the fact that no worker will approach a team that already employs two workers, since
the value of applying would be βW , which is less than the cost of entering, W . If the queue length
at a team is positive, the free entry of agents gives W = W (e, q (e)).13 A worker on a team with e
incumbents can choose to stay or quit but as noted in footnote 12, we rule out the case that y(e)
has such strong decreasing returns.

3.1

Distribution of Team Sizes

Given the queue lengths q(e) from above, we can solve for the distribution of team sizes. Let n (e)
denote the number of teams with e incumbent workers at the start of the period and let N (e + z)
denote the number of teams with e incumbent workers and z applicants. Any team that has N (e)
current workers exits at the end of the period with probability δ and all teams with e + z ≥ 3 will
13
Note that in the case of an increasing average product, if there exists a positive equilibrium queue length, there
may also exists another queue length that also solves equation (17). In this case, we can always focus on the longest
queue length, which is equivalent to selecting the directed search equilibrium which is most favorable to workers.
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be a size 2 team in the following period. Therefore,


 (1 − δ)N (e)
e=1
n (e) =
.
P


(1 − δ) ∞
N
(s)
e
≥
2
s=2

The number of teams without members at the start of the period is given by n (0) = δ(1 − N (0)) +
N (0), which is the number of teams with workers that were dissolved and the unfilled teams from
last period.
Within the period, the team can increase (or not) in size by recruiting. Thus, the number of
teams with e workers in the current period is given by
N (e) =

e
X
i=0

n (i) P r (e − i | q (i))

(21)

where P r (e − i | q (i)) is the probability that a team with i incumbent workers receives e − i
applicants and hence has e workers after the matching stage. Given, the values of q (e), the
equations for n (e) and N (e) form a block recursive system of equations, which implies that the
equations are linearly independent and thus this system of equations has a unique solution.

3.2

Wages and Inequality

The wage paid to the worker in the current period depends on the current share S (e) and the
expected share in the future, which depends on the expected number of hires in the next period.
Let w(e) denote the wage paid to a worker on a team with e workers in the production stage. Then
S(e) is given by:
S(e) = w(e) + β(1 − δ)Ŵ (e0 ) + βδW,
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(22)

where e0 = min {e, 2}. Using equation (16) and assuming that ê = 2, we obtain the following wage
schedule:


w(1) =y(1) + β(1 − δ) J(1) − J(0) − Ŵ (1)


y(2)
Λ(2) − J(0)
w(2) = (1 − β(1 − δ))
+ β(1 − δ)
2
2


Λ(2) − J(0)
, e>2
w(e) =β(1 − δ) W −
2

(23)
(24)
(25)

From (23) through (25), it becomes apparent that the wage contract can be interpreted as the
team selling itself to its workers. To see that, rearrange (23), which gives
w(1) + β(1 − δ)Ŵ (1) = β(1 − δ) (J(1) − J(0)) .
That is, the payoff of the worker on a size one team, today’s wage plus the continuation value of
being employed by a size one team at the beginning of the next period, is the value of the team
with one employer less the value of the team with zero employers. Similarly, for size two teams we
get
2

w(2)
= y(2) + β(1 − δ) (Λ(2) − J(0)) .
(1 − β(1 − δ))

(26)

That is, the net present value of the wages paid on a size 2 team is equal today’s output plus the
discounted value of the joint team less the value of a team without employees.
Since the team sells itself to its workers, the wage payment today does not need to be positive.
In particular, in the case of more than two workers on the team, when competition among workers
in the bidding process allows the team to extract the full surplus, the wage paid will be negative
since Ŵ = S(2) > W . The relationship between w(1) and w(2) depends on the primitives of the
economy, the production technology, the discount factor and the team break-up rate.
As discussed in the introduction, the U.S. and other developed economies have experienced
two seemingly unrelated trends over the past three decades, an increase in inequality and the
proliferation of modern human resource management practises, such as self-managed teams and
performance pay (Bloom and Van Reenen, 2010). We now computationally analyze the relationship
16

between the production technology and the wage function and investigate whether our model can
qualitatively deliver an increase in wage inequality as the complementarity between workers in a
team increases.
3.2.1

Numerical Analysis

Consider the following production technology:

y(e) =



 2

if

e=2


 y1 if

e 6= 2,

(27)

with y1 ∈ [0, 1]. Here y1 captures the degree of complementarity between workers on a team. If
y1 = 1, the average product is independent of the team size and there are no complementarities.
We think of this as the production structure before the organizational change towards teamwork.
On the other hand, if y1 = 0, the first worker is completely unproductive without the second worker
present. This ‘critical mass’ team is an extreme example of complementarity in production. 14 We
set δ = 0.25 and β = 0.9 and choose W such that the unemployment rate is 10%. We begin by
varying the degree of complementarity by decreasing y1 from 1, i.e. constant returns in production,
to y1 = 0, i.e. a critical mass team where no output is produced without two workers present.
Figure 2 shows how the queue lengths respond to changes in the complementarity between the
two workers in the team. The queue length at a team without workers is slightly increasing in y1 ,
while the queue length at a team with one worker already present is more strongly decreasing. If
y1 = 0, a team only produces output if there are two workers present, hence applying to a team
with already one worker eliminates the chance of being alone on a team and not being productive.
However, for the free-entry condition to hold, there has to be a sufficiently high probability that
the team ends up with more than two workers and as a result the queue length at teams with one
worker already employed is relatively long. As y1 increases, the relative value of a size two to size
one team decreases and so q(1) falls. For teams without workers the queue length changes little as
y1 increases because the decrease in the value of being employed by a size two team is offset by the
14

Alternatively, we could set y1 = 1 and vary y2 ≥ 2. We choose to vary y1 since it is naturally bounded by zero
and one.
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Figure 2: Equilibrium Queue Length
Queue Lengths
2.5

2
q0
q

1

1.5

1

0

0.1

0.2

0.3

0.4

0.5
y1

0.6

0.7

0.8

0.9

1

increase in value of being employed by a size one team.
Figure 3 shows the wages as a function of y1 . The level of wages is low relative to the output
workers produce, even if there are exactly two workers on a team and the worker are able to attract
all the surplus. This is a result of the assumption that teams, which fail to hire workers, can
rematch in the following period. In the following period, they face a good chance of being matched
with more than two workers and extract all surplus in the auction game. Hence the reservation
value of the team, J(0), is significantly larger than zero.
The wage on teams with two workers increases slightly, as the complementarity between workers
increases (i.e. y1 goes down). This is because as the value of a team without workers (J(0))
decreases as y1 goes down, which increases the surplus the workers receive. The increase in w(2)
in turn increases the payment made by workers on teams who have more than two workers in the
bidding stage who will be at a size two team in the following period. Being on a size two team
is more attractive and the bid to buy that team increases and w(3) becomes more negative. Not
surprisingly, as the complementarity between workers increases, the wage on teams with one worker
decreases markedly. Form equation (23), this is for two reasons, first the output of that worker
falls. Second, the value of being a worker on a size one team at the beginning of the following
period, Ŵ (1), increases because of the increase in w(2).
Significant wage dispersion arises through the dynamic rematching, akin to on-the-job search.
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Figure 3: Wages
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Teams with only one worker will likely attract at least one more worker in the following period. With
constant returns, this does not affect the productivity of the existing worker and the wage on teams
with one and two workers is almost identical. 15 However, once there are strong complementarities
the value of being on team with one worker present at the beginning of the following period is more
valuable and the worker is willing to accept a lower wage (possibly even a negative wage) in order
to purchase the team. As Figure 4 shows, wage dispersion increases markedly as complementarities
are getting stronger (y1 decreases); the coefficient of variation increases by more than 50% from
0.79 to 1.3.
As common in the search literature, we do not have an explicit notion of a firm; a firm may
consist of a single team or be a collection of teams. Thus, we do not take an explicit stand on
whether organizational change increases dispersion of wages across or within firms. 16 The Fifth
European Working Conditions Survey (EWCS2010) reports that the prevalence of teamwork varies
both across industries and firm sizes. It is therefore likely that both across and within firm inequality
are affected, as difference in organizational forms across firms increase through different rates of
15

It is slightly higher on teams with one worker because of the chance of having three or more workers in the
following period, giving all future surplus to the team.
16
Dispersion in wages across firms appears to be the main contributor to the increase in inequality (e.g. Lazear
and Shaw, 2009), but using matched employer-employee data, some authors find that at least some of the increase
in inequality can be attributed to the increases in within firm dispersion. Using data from 1963 to 1986, Davis and
Haltiwanger (1991) find that for non-production workers about half of wage inequality growth occurs within firms.
More recently, using data from 1992 to 2007, Barth et al. (2014) find that, depending on the sample restrictions,
changes in the within firm variance account for one fifth to one third of the overall increase in the variance of wages.
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Figure 4: Wage Dispersion
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organizational change.
In addition to residual inequality, our model may also be used to shed light on the rise of the
skill premium. Most workers are employed on size two teams – larger and smaller team typically
only exist for one period – the average wage is increasing, even though output (labor productivity)
is falling. Going from constant returns to critical mass teams increases the average wage by 8.8%
and the productivity adjusted wage by 15.2%. To the extent that team production is more common
among high-skilled workers, this may help to explain the increase in the skill premium that occurred
concurrent with the increase in residual inequality, see Figure 4. 17 An increase in teamwork then
generates an increase in the premium of the worker group using teams, and an increase in the
dispersion among those workers, consistent with the increase in the skill premium and the increase
in the 90/50 residual dispersion (Autor et al., 2008).

3.3

Efficiency

Since the teams sell themselves to the workers, workers are the residual claimants, any externality
is getting internalized by the workers. However, workers discount the future, so the efficiency will
depend on how strongly workers discount. We computationally analyze the role of the discount
17

The EWCS2010 finds that higher the level of educational attainment are associated with higher the frequency
of teamwork.
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factor β in the efficiency of simple auction equilibrium.
Consider a simple critical mass team where two workers are needed to fulfil a task. The output
of the team with a period is given by

y(e) =



 2 if

 0 if

e=2

(28)

e 6= 2

As before, we set δ = 0.25 and we choose W such that the unemployment rate is 10%. We vary
the discount factor β to study its effect on the inefficiency of the simple auction mechanism. The
resulting values as a function of the discount factor are reported in Table 1.
Table 1: Changes in asset values as a function of discounting

β
0
0.2000
0.4000
0.6000
0.8000
0.8500
0.9000
0.9500
0.9750
0.9850
0.9900
0.9950
0.9980
0.9990
0.9999

[1]

[2]

[3]

Λ (1) − Λ (0)

Λ(2)−Λ(1)
2

[1]/[2]

1.0000
1.0738
1.1546
1.2405
1.3259
1.3460
1.3658
1.3886
1.4014
1.4102
1.4151
1.4208
1.4250
1.4264
1.4276

0
0.0527
0.1146
0.1975
0.3439
0.4081
0.5006
0.6639
0.7764
0.8531
0.8956
0.9440
0.9766
0.9881
0.9988

0
0.0566
0.1323
0.2450
0.4560
0.5493
0.6837
0.9219
1.0880
1.2030
1.2673
1.3412
1.3916
1.4094
1.4259

Since the team seeks a critical mass of two workers, the value of a team with no members is
subject to increasing returns to scale since a team with only one worker produces no output. Thus,
Λ (2) − Λ (1)
≥ Λ (1) − Λ (0)
2

(29)

In the static model, which is analogous to assuming that β = 0, the value of the club is given
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by Λ (e) = y (e). If the discount factor increases, then Λ (e) also increases to reflect the possible
returns to future matching rounds. Table 1 illustrates the key limit result: If the discount factor
approaches one, the average asset value of a critical mass team approaches a constant.
(Λ (2) − Λ (1)) /2
=1
β→1 Λ (1) − Λ (0)
lim

Therefore, opportunities for rematching function to linearize the net payoffs of a club relative to the
number of members. The corollary to this result is that the subsidy on worker entry (“Mortensen
tax”) relative to the value of the team will fall to zero.
A closely related experiment is to increase the frequency of offer rounds holding the discount
factor constant (De Fraja and Sakovics (2001)). In this case, we scale the value of output each period
by the time available for playing chess given the rate of discounting and we scale the probability of
a match shock inside the period to reflect the shorter period length.
Proposition 3.1. The simple auction equilibrium converges to the constrained efficient allocation
if the length of time between offer rounds falls to zero.
Proof. If the time between offer rounds falls to zero, then agents effectively do not discount future
matching opportunities and thus (Λ (2) − Λ (1)) /2 ∼
= Λ (1) − Λ (0). The asset value of a club is also
bounded by Λ (2) ≤ y(1)/β, which is the present value of a club that is filled in each perio d.
The intuition is that a single buyer can effectively purchase the team and act as a private goods
seller in the next period. This reduces the importance of establishing a critical mass of buyers in any
particular period and thus the model functions more closely as a private goods model. Therefore,
if we increase the opportunities for repeated matching, the competing auction environment will
converge to the simple auction environment.

4

Conclusion

We have developed a directed search model of team production. Teams are characterized by
complementarities between workers, giving rise to local increasing returns. We show that the
22

static directed search equilibrium is constrained efficient but the reserve price is not zero. We
then computationally demonstrate that changes to the organization of production that emphasize
team production are increasing wage dispersion. This is consistent with the concurrent increase in
residual wage inequality, especially on the top of the earnings distribution, and the proliferation of
teamwork in modern human resource management.
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