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We consider a wide number of applications of an intrafirm bargaining game 
within organizations where employees and thefirm engage in wage negotiations. 
Under our presumption that contracts cannot bind employees to the organization, 
the resulting stable wage and profit profiles give rise to an objective function for 
thefirm that places weight on inframarginal profits in an economically significant 
manner. We in turn employ this methodology to explore applications of organi- 
zational design, hiring and capital decisions, training and cross-training, the 
importance of labor and asset specificity, managerial hierarchies, preferences 
for unionization, responses to competition, and internal capital budgeting. (JEL 
C70, D23, G31, J30, L20.) 

Labor contracts are frequently incomplete, 
with only a limited capability to bind either 
party to the relationship. Employees are gen- 
erally free to quit at will, and firms typically 
can dismiss part of their labor force subject to 

only limited penalties or costs.' Given benefits 
from joint production, we expect firms with 
productive capital to hire labor, but the ability 
of any employee or the firm to reenter into 
wage negotiations at any time prior to produc- 
tiori places particular restrictions on the equi- 
librium wage profile. Focusing on the firm's 
optimal choices in such a bargaining frame- 
work, we consider a wide range of economic 
applications regarding labor decisions, tech- 
nological choice, and organizational design 
using a novel bargaining methodology. 
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' See, for example, Richard Posner (1986 p. 306), who 
states, "employment at will is the usual form of [the] labor 
contract." While there are some notable limitations under 
which courts have held employees responsible for dam- 
ages for violating long-term labor obligations, such ex- 
amples in practice appear to be quite specialized. Any 
attempt at widespread application of such long-term con- 
tractual binding of labor is likely to be ruled in conflict 
with restrictions on involuntary servitude. Thus, both the 
contract-theory and the managerial-incentives literatures 
frequently take long-term labor contracts to be nonbinding 
on the employee, as we do here. 

Somewhat more problematic is our presumption that 
labor relations are nonbinding on the firm as well. In prac- 
tice, there are clearly a number of restrictions and costs 
that firms are likely to face in terminating employees; the 
extent of such restrictions in many European countries has 
in fact been blamed by some for high unemployment lev- 
els. However, under standard weak assumptions that we 
impose on production functions, such a constraint on em- 
ployee terminations will be irrelevant for almost all of our 
analysis: our results would be identical if it were only on 
the employees that labor contracts are nonbinding. 
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Following Ronald Coase's (1937) seminal 
work on the nature of the firm, economists 
have spent much time debating and defining 
the boundaries of the firm and the market- 
place. Most recently, the papers of Sanford 
Grossman and Oliver Hart (1986) and Hart 
and John Moore (1990) ("GHM") have re- 
fined the idea of the firm as essentially an al- 
location of property rights and residual rights 
of control over assets. Fundamental to the 
GHM "property rights" theory of the firm is 
that contracts are incomplete, and ex post bar- 
gaining generally results in return streams that 
are suboptimal for specific investments from 
an ex ante view point.2 This line of research, 
however, has generally focused on the ques- 
tion of what determines the boundaries of a 
firm and how assets should optimally be allo- 
cated, taking as given the underlying asset 
structure, the number of productive agents, 
and their organizational relationships to one 
another. We seek an entirely different ap- 
proach, asking questions regarding the optimal 
nature of assets, the number of productive 
agents, and the relationship of labor to capital 
in the optimal organizational design. 

Our approach is similar in some manners to 
that of Michael Jensen and William Meckling 
(1976) who take the firm as a nexus of con- 
tracts and lay out the program of studying the 
optimality of various underlying contractual 
arrangements and the outcome of the complex 
equilibrium process within thefirm. We take as 
a working definition that a firm is a set of pro- 
ductive assets, which produces output that de- 
pends upon the allocation of laborers to those 
assets. To bring the analysis into clear focus, 
we assume that the firm's assets are owned by 
a single individual. Consequently, we put aside 
the question of optimal asset ownership and, 
rather, devote our attention to other issues. To 
this extent, we do not address the issue of a 
firm's external boundary, but rather a formal 
theory of the firm's internal bargaining process 
and its economic ramifications. 

Specifically, we take labor contracts to be 
nonbinding in nature. The focus of our paper 
is on situations in which employees have the 
ability to bargain directly with the firm either 
because of their importance within the firm 
(managers, division heads, key engineers, etc.) 
or the small size of the firm. We model labor 
contracts as an agreement for a wage which 
the firm (here, the owner of the productive 
capital) pays the employee, provided that 
the employee actually carries out the con- 
tracted productive services. At any time before 
production takes place, an employee may ap- 
proach the firm and enter into wage negotia- 
tions. Likewise, the firm may choose at any 
moment before production to call the em- 
ployee in for wage negotiations. Hence, with 
labor contracts, the nature of the contractual 
incompleteness is the inability of either party 
to commit to a future wage and employment 
decision.3 In this sense, our stylized firm is 
quite similar to a firm with "employment-at- 
will" contracts. Although our model in- 
corporates the additional feature of labor 
holdup, we will frequently refer to our firm as 
an "employment-at-will" (or simply "at- 
will") firm to distinguish it from the neo- 
classical complete-contract benchmark. Given 
our employment-at-will contractual incom- 
pleteness, we consider wage contracts which 
are immune to renegotiations in the intrafirm 
negotiation environment.4 

2The property-rights approach builds upon the work of 
Oliver Williamson (1975, 1985), Benjamin Klein et al. 
(1978), Carliss Baldwin (1983), and Paul Grout (1984), 
among others, who consider relationship-specific invest- 
ments and ex post holdup costs. 

3 Implicitly, we also assume that either (i) the firm can- 
not commit (i.e., write a credible contract) to fix a tech- 
nology and hire an agreed-upon number of workers and 
not subsequently hire more or (ii) the employees are fi- 
nancially constrained so as to be unable to pay an entry 
fee to the firm. When neither assumption is true, the first 
best can be obtained by employees paying an entry fee 
equal to the present value of their excess bargaining rents 
and the firm, in turn, committing to hire at the first-best 
level using the first-best technology and labor-allocation 
choices. 

4 Several papers in the literature of incomplete con- 
tracts have considered the ability of negotiating parties 
to obtain ex ante efficiency in light of the holdup prob- 
lem. Most notably, see Hart and Moore (1988), Tae- 
Yeong Chung (1991), William Rogerson (1992), Bentley 
MacLeod and James Malcomson (1993), Philippe Aghion 
et al. (1994), Georg Noldeke and Klaus Schmidt (1995), 
and Aaron Edlin and Stefan Reichelstein (1995). Unlike 
these papers, which typically obtain the first best by utiliz- 
ing a limited set of contractual variables, we do not allow 
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In order to determine the economic conse- 
quences of contractual incompleteness and in- 
trafirm bargaining, we need to characterize the 
set of reasonable outcomes from an internal 
wage-bargaining process. Elsewhere, in Stole 
and Zwiebel (1996), we have studied a gen- 
eral class of bargaining games and their re- 
sulting equilibrium outcomes. Although all of 
the qualitative results in this paper hold across 
this general class, here we focus on the simplest 
bargaining process in which workers and the 
firm have equal bargaining power. In Section 
I, we present the simple bargaining environ- 
ment and discuss the nature of stable wage 
and profit profiles. Using these results we 
characterize the firm's reduced-form profit 
function and its optimal choices in a variety 
of settings. 

In Section II, we apply our bargaining re- 
sults to economic applications of input choice. 
Specifically, we study the comparative statics 
of labor and capital choice when the firm is 
subject to internal wage negotiations. We 
compare these results for our employment-at- 
will firm to that of the standard neoclassical 
paradigm. We find striking implications of 
overemployment and capital underutilization. 

Throughout our results, we find that, unlike 
its neoclassical counterpart, the employment- 
at-will firm generally cares about inframar- 
ginal profits which are not reached in 
equilibrium. To shed light on this phenomena, 
in Section III we investigate the effect of 
inframarginal changes in various economic 
settings by examining the firm's front-load 
factor-the extent to which margins are 
loaded up front (i.e., are realized with low lev- 
els of labor). We find that such a factor can 
be used to explain many diverse economic 
questions. In particular, we apply the analysis 
to the question of labor specificity, the pref- 
erence for unionization, and the effect of com- 
petition on observed firm productivity. 

In Section IV, we consider problems of or- 
ganization. Suppose that the firm can choose 
two productive assets or groups, A and B, each 
of which has an exclusive assignment of em- 

ployees chosen by the firm. How will a firm 
tailor its asset choices to one another in light 
of nonbinding labor contracts? Specifically, 
are there intraorganizational misallocations 
across groups? We generally find that the an- 
swer is affirmative. We consider, in turn, three 
applications to illustrate the nature of such dis- 
tortions. First, we examine the effect of a 
two-tier hierarchy on a firm's employment de- 
cision. The ability of the higher tier to hold up 
more productive value of the firm may possi- 
bly lead to top-heavy hierarchies emerging in 
employment-at-will firms. We then consider 
the internal allocation of capital in a capital- 
budgeting framework. Here we find that the 
owner of the firm does not allocate capital ac- 
cording to marginal profitability, but instead 
allocates on the basis of average inframarginal 
productivity, leading to pronounced depar- 
tures from the neoclassical optimum. Finally, 
we consider the value to the firm from cross- 
training its workers. The flexibility afforded 
by cross-training leads to an increase in the at- 
will firm's returns, even though workers are 
not reallocated in equilibrium. This suggests 
that, when cross-training entails a cost, a so- 
cially excessive amount of cross-training oc- 
curs in order to hold down labor rents. 

Section V concludes by suggesting further 
applications and extensions using the present 
methodology. 

I. Theoretical Foundations 

The bargaining game we consider for wage 
determination within a firm is based on that in 
Stole and Zwiebel (1996), in which we ana- 
lyze a general bargaining environment, dis- 
cussing in detail the properties of our solution 
and various related theoretical issues. Pres- 
ently, we confine ourselves to a particularly 
simple version of this game, in which we pre- 
sume that bargaining power is identical be- 
tween the employee and the firm. However, 
we will briefly mention how the applications 
in this paper are robust to the more general 
bargaining environment. Here, we simply state 
results together with some intuition; all omit- 
ted proofs of results in Section I, together with 
a more rigorous theoretical treatment of the 
bargaining game, are contained in Stole and 
Zwiebel (1996). 

the firm and the employee to write a binding contract on 
any relevant variable. For details, consult Stole and 
Zwiebel (1996). 
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We consider a noncooperative dynamic bar- 
gaining game, in which a firm, endowed with 
a production function, hires labor and other 
factors of production. We will consider both 
the case of homogeneous labor and that of 
differentiated labor, which we can alterna- 
tively interpret as an assignment of employ- 
ees to different productive tasks or groups. 
Presently, we give an intuitive description of 
our game, starting with the case of homo- 
geneous labor.5 

In line with our notion of renegotiation- 
proof contracts, we look for what we call a 
"stable" wage and profit profile. By stable, 
we mean a profile in which, prior to produc- 
tion, no individual employee can benefit from 
renegotiating wages with the firm, and the 
firm cannot benefit from a renegotiation with 
any employee given the further wage rene- 
gotiations that such a renegotiation would in- 
duce. In all such negotiations, we presume 
that the employee and the firm evenly split 
the joint surplus from their relationship rela- 
tive to their respective outside options. For 
the employee, this outside option is simply 
the reservation wage w, while for the firm it 
is the outcome of such a bargaining process 
with one less employee in the firm. As such, 
it should be clear that the outcome to our 
game is built up iteratively. In order to char- 
acterize a stable profile for a firm with n em- 
ployees, we must first characterize such an 
outcome for n - 1 employees to determine 
the outside option for the firm. We assume 
that the firm cannot replace an employee who 
is fired or who quits prior to production; this 
is precisely the nature of employee holdup 
power in our model. 

We will let F(n) represent the firm's reve- 
nue or output as a function of the number of 
employees; later when we consider the choice 
of other inputs (e.g., capital) we will use F(n, x). 
We use tildes to denote the choices and 
outcomes of our employment-at-will firm (in 
contrast to the neoclassical firm); as such, we 
let { w(n), '7r(n) } represent the stable wage 

and profit profile to our game when there are 
n employees. Because all surplus not paid to 
employees is retained by the firm, ir(n) 
F(n) - w(n)n. Lastly, we will use 7r(n) 
F(n) - w n to represent the profits of a neo- 
classical firm that can utilize labor at the out- 
side option of w. We assume that this 
neoclassical profit function is quasi-concave. 
It is worth noting here that the outcomes of the 
at-will setting can be shown to converge to 
those of the neoclassical setting in the limit as 
all bargaining power in employee-firm nego- 
tiations is given to the firm. 

First consider the employment-at-will firm 
with one employee. In bargaining between the 
firm and the employee, the outside options of 
the two parties upon failing to reach an agree- 
ment are given by F(O) and w, respectively. 
Consequently, an even division of the surplus 
implies that 

AF(l) - w(l) = w(l) - w 

or w [(1) = 2[/\F(1) + w], where A\ is the 
first-difference operator. 

Now consider the same firm with two em- 
ployees. While each employee's outside op- 
tion is still w, the firm's outside option is 
now given by the equilibrium profit that 
would be obtained from production with one 
remaining employee if current negotiations 
break down. Specifically, if an employee 
leaves (i.e., is fired or quits), the remaining 
employee and the firm would renegotiate 
wages to w ( 1) (i.e., the one-employee out- 
come). Consequently, splitting the surplus 
in negotiations when there are two employ- 
ees implies that 

AF(2) - w(2) + [w(1) - w(2)] = w(2) - w. 

The left-hand side of this expression is sim- 
ply the difference in firm profits between 
employing two workers and one, 7-(2) - 
r(l1), given by the second margin of pro- 
duction net the difference in equilibrium 
wages paid. Substituting in the result for 
w ( 1) above yields 

w(2) = [AF(2) + w(l) + w] 

= _LF(2) + )AF(1) + 'w. 

5 For a more rigorous exposition, including an 
extensive-form representation of the game in which our 
outcome is the unique subgame-perfect equilibrium, we 
refer the reader to Stole and Zwiebel (1996). 
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By induction, for any n, it then follows that 

/\F(n) -w(n) + I (n -1) 

X [wv-(n -1) -w~(n) ] I = w(n)- w 

from which we obtain the difference equation, 

1 
(1) w(n) + 

X [/\F(n) + (n - 1)w(n - 1) + w]. 

This difference equation has a unique so- 
lution. Providing that the path of wages satis- 
fies the workers' outside option, w(i) 2 w, 
Vi < n-which we refer to as feasibility- 
this solution is also the equilibrium outcome 
of the bargaining process. The following result 
characterizes this outcome. 

Result 1: If there are n employees in the firm 
and the solution to (1) is feasible, then the 
stable wage and profit profiles are given by 

1 
n(n + 1) i = o 

1 n 

(3) ir(n) = i7r(i). n + 1 i=O 

Equation (2) follows directly from solving 
(1); equation (3) is determined by substitut- 
ing (2) into -r(n) = F(n) - w(n)n, summing 
by parts, and then using the definition of 
neoclassical profits to simplify the resulting 
expression. 

There are several noteworthy features of 
this characterization. Equation (2) indicates 
that the equilibrium wage depends upon a 
weighted average of marginal products, with 
increasing weight in the wage expression the 
closer to marginal the product. Thus, the more 
up-front a margin of production, the smaller a 
share of that margin an employee obtains, and 
the more profit the firm receives. Such a notion 
of "front-loaded" margins is exploited in the 
applications that follow. Equation (3) is also 
quite notable; it states that the at-will firm's 
profits with n employees can be expressed 
concisely as the average on the neoclassical 

firm's profits from 0 to n employees. This re- 
sult, rather striking in its simplicity, will be 
employed throughout our applications. 

It is also worth mentioning that this result 
retains the features that are important to our 
economic applications under the more general 
bargaining game considered in Stole and 
Zwiebel (1996). Both the monotonicity of 
marginal weights in the equilibrium wages in 
(2) and the averaging of the neoclassical prof- 
its to obtain at-will profits in (3) ,6 remain for 
any exogenously specified bargaining power, 
including those allowed to vary with number 
of employees. Because it is precisely these 
properties upon which our applications de- 
pend, the results that we present should be un- 
derstood to be more generally applicable than 
for the specific framework we consider. Fur- 
thermore, it is notable that the payoffs given 
in Result 1 are equivalent to the standard 
cooperative-game solution concept of Shapley 
values for a corresponding cooperative game. 
As such, we can alternatively give our bar- 
gaining game a cooperative interpretation, 
whereby the employees' and the firm's payoffs 
depend on their strategic importance in coali- 
tion formation. 

In a number of applications to follow, it will 
be useful to consider the outcome under con- 
tinuous labor allocations. To this end, we can 
either take the limit to our solution as bargain- 
ing units become small or solve the differential 
equation that is the limiting case of our differ- 
ence equation. Either approach yields Result 2. 

Result 2: Suppose that there are n units of in- 
finitely divisible labor and the solution to the 
differential equation that is the limiting case of 
(1) is feasible. Then, 

1 rn 
(4) 7-r(n) = -J r(s) ds. n o 

We will also consider a number of appli- 
cations in which the firm has an input of sev- 
eral types of differentiated labor. In many 
important economic settings, the assumption 

6 In the general case, ?r can be expressed as a weighted 
average of 7r from 0 to n, where weights depend on "mar- 
ginal bargaining power." 
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that labor within a firm is interchangeable is 
particularly restrictive. A typical firm may 
consist of hundreds of different positions, with 
very little opportunity for perfect substitution 
across employees. When a senior manager of 
marketing threatens to leave the firm, for ex- 
ample, it is difficult for the firm's owners to 
argue credibly that they will replace her with 
an equally efficient senior manager from pro- 
duction. To this end, we need a generalization 
of the bargaining environment that explicitly 
recognizes that not all labor is identical. We 
accomplish this by considering different cat- 
egories of labor; although labor within a cat- 
egory is homogeneous, across categories labor 
may differ arbitrarily in productive uses and 
outside wages. Note that such a representation 
of heterogeneity also allows the possibility 
that all workers are different, and therefore the 
number of categories equals the number of 
employees. Letting M denote the number of 
different categories or "assets" with which to 
assign labor, we consider the production func- 
tion of the form F(n), where n (n, I,*- , nM). 

Additionally, allowing for the possibility of 
differing reservation wages, we take w (w1, 
... WM) to denote the vector of reservation 
wages over the M assets. In this setting, we 
obtain the following result using arguments 
analogous to the single-asset setting. 

Result 3: Suppose that the labor-asset al- 
location is given by the vector n, and that 
labor is finite. If the solution to the partial 
difference equation system corresponding to 
the bargaining game is feasible, then the 
equilibrium to the noncooperative game has 
profit given by 

1 
_1_=_ _M_ N___JO 

X r(i *- iM) 

where N = mM=I n,. If instead labor is 
infinitely divisible, then the equilibrium 
to our bargaining game has profits given 
by 

1 rN 
(6) ir(n) =J {F(sa) - sa-w') ds 

where a (a1, ,aM) andai ni IN. 

This result indicates that, once again, at-will 
firm profits are given by an average of neo- 
classical profits for inframarginal labor config- 
urations. In the continuous case, this average 
is simply that of neoclassical profits along the 
vector from 0 to aN employees. Additionally, 
we have shown elsewhere that both character- 
izations in Result 3 represent the Shapley 
value of the corresponding cooperative bar- 
gaining game; in the case of the continuous 
labor setting, this is commonly referred to as 
the Aumann-Shapley (1974) value. 

We now state several results characterizing 
the firm's optimal labor and input decisions. 
In order to explore how bargaining affects 
input choice, we augment our production func- 
tion with an argument, x, representing a non- 
labor input. In many of this paper's applications, 
x can be thought to represent capital choice, 
at the cost of r per unit. (Results can easily 
be extended to the case where x is a multi- 
dimensional vector of inputs.) We generally 
take capital to be fixed at the time of bargain- 
ing, though we also discuss the case of ad- 
justable capital in Section II. 

We will denote the optimal labor and input 
decisions for the neoclassical firm by n* and 
x*, respectively, and for the at-will firm we 
will denote these decisions by n* and x*. In 
order to state these results precisely in the dis- 
crete labor setting, it is useful to define the 
relationship y(n) z(n) to indicate that 
y(n) - z(n) > 0 2 y(n + 1)- z(n + 1); we 
say that y equals z at n to within integer round- 
ing over its argument.7 Given the results of our 
bargaining game, the following pair of results 
characterize the optimal labor and factor input 
decisions by the at-will firm in a simple and 
intuitive manner and indicate that the at-will 
firm overhires labor to the point where wages 
are driven down to the outside option. 

'Intuitively, if y and z were continuously and mono- 
tonically extended to y-and z-over the interval [n, n + 1], 
y(n) z(n) or z(n) - y(n) if and only if y7(m) = z(m) for 
some m c (n, n + 1]. 
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Result 4: Suppose that ir(n, x) is quasicon- 
cave and *r(n, x) has an interior optimum over 
(n, x): 

1. When labor is discrete, {hn*, x*1} E 
arg maxn, iV(n, x) satisfies 

-0. 
i=O ox 

2. When labor is continuous, {nh*, I*} E 
arg maxn,x r(n, x) satisfies 

jr(n*, x*) = Tr(f*, x*) 

07r(sX*) ds= 0. 
o x 

Result 5: Optimally, the at-will firm chooses 
to overemploy: n * > n *. Furthermore, at this 
optimal level of employment n*, the internal 
wage is bid down to the outside option: 
wi~(n *)-5w for the discrete labor setting or 

= w for the continuous labor setting. 

The two conditions of Result 4 are simply the 
first-order conditions for n and x, respectively; 
the assumptions made for the neoclassical 
profit function 7r ensure feasibility and an in- 
terior solution to the at-will profit function ir. 

This result, while quite powerful, is easy to 
understand in light of our characterization of 
negotiated profits in equations (3) and (4). 
Intuitively, at-will profits at any level of em- 
ployment n are given by the average neoclas- 
sical profits from 0 to n. But such an 
"average" function obtains its maximum at 
precisely the point where the "marginal" 
function (here, the neoclassical profit func- 
tion) cuts it from above. (Save for a sign 
change, this is no different from the basic mi- 
croeconomic result that a firm's marginal-cost 
curve intersects its average-cost curve from 
below at the latter's minimum.) Thus at n*, 
the neoclassical and the at-will profits must be 
equal (to within integer rounding on n in the 
discrete case). And since the marginal curve 
cuts the average curve from above, the first 
half of Result 5 follows: n* > n * and over- 
employment results. 

Furthermore, equal profits at n* in turn im- 
ply that wages must be equal as well (the sec- 
ond half of Result 5), since in both cases 
profits are given by the same production net 
total wages paid. By definition, neoclassical 
wages are always w; thus, the at-will firm hires 
until wages are driven down to this outside 
option as well. Therefore, while the ability of 
employees to bargain in the at-will firm yields 
higher wages for any given number of workers 
n, this bargaining is exactly offset by the 
choice of this firm to overhire to n*, leading 
to equilibrium wages that are the same across 
both types of firms. This relationship in turn 
readily allows for the embedding of our partial 
analysis in a general-equilibrium model with 
both neoclassical and at-will firms.8 While 
most of this paper's applications ask questions 
about firm decisions at this equilibrium con- 
figuration, we consider several examples that 
address wage-negotiation distortions holding 
the number of workers fixed, which conse- 
quently give rise to a wage premium for em- 
ployees of the at-will firm. Additionally, the 
applications of hiring costs and adjustment dy- 
namics to exogenous shocks considered in 
Section II generate a wage differential be- 
tween the at-will and neoclassical employees 
(made up for ex ante by the imposition of a 
hiring cost). 

Finally, the first-order condition for input x 
in Result 4 indicates that the marginal returns 
to x obtained by the at-will firm are the neo- 
classical marginal returns averaged over 0 to 
n employees. Intuitively, a firm's ability to 
capture the marginal value added by additional 
capital Ax depends on the extent to which the 
holdup ability of labor affects this margin (i.e., 
on how the productivity of this margin 
changes with the number of employees). Con- 
sequently, if capital and labor are comple- 
ments (substitutes), at a given level of (n, x), 
the marginal benefits of capital are lower 
(higher) for the at-will firm than for the neo- 
classical firm. 

8 While our equilibrium analysis in this paper is almost 
exclusively partial, many of the applications could be ex- 
tended in an interesting way to a general-equilibrium 
framework. Such an extension would allow one to explore 
how the two different firms respond to different exogenous 
shocks in equilibrium. 
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It turns out that the distortion can be con- 
veniently characterized with a single statistic 
that we call the front-load factor. We define 
this statistic, for the discrete and continuous 
cases, respectively, by 

n i 
)/(F, n) 1 - ?A7r(i) 

'7r(n) i=O n + 1 

and 

oy(F, n)-- I - 
Jrn n '7(s) ds 

Intuitively, this statistic measures to what ex- 
tent neoclassical profit margins (and thus, 
equivalently, production margins) are realized 
through earlier rather than later units of pro- 
duction. Thus, the later the unit of production, 
the greater the negative coefficient (e.g., the 
ith unit, in the discrete setting, is weighted by 
-il[n + 1]). The specific normalization we 
have chosen results in y E [0, 1], whenever 
w is feasible, and the following concise result. 

Result 6: In both the discrete and continuous 
settings where w(n) is feasible, 

*r(n) = ir(n)y(F, n). 

This follows directly from integrating (or, for 
the discrete case, summing) ir(n) by parts. It 
indicates immediately both that firms prefer 
technologies with higher front-loadings, and 
that any distortion between the neoclassical in- 
put choice and the at-will firm's input choice 
emerges exclusively from the effect of the 
choice variable on y. In addition, combining 
this result with Result 4 [i.e., lr(h*) = 
Q(n-*)] implies that at-will firms hire up to the 

point where the front-load factor is increased 
to f (within integer roundings for the discrete 
labor setting). 

A useful set of sufficient conditions for one 
technology, 1, to be relatively more front- 
loaded at n than another, ir2. is that the 
technologies are equally efficient at n [i.e., 
lr1(n) = 7r2(n)] and 71r(s) 2 X2(S) for all s 
E [0, n], with strict inequality for some meas- 
urable subset. Thus, for example, if 7rl (0) = 
7r2(0) and 7r1(n) = 7r2(n) and if 7r1 is a con- 
cave transformation of 1r2 over the range [0, 

n], then 7r1 is more front-loaded relative to ir2 
at n. Note, however, that the converse is not true. 
Front-loading is a far weaker notion than con- 
cavity, inducing a complete order over profit 
functions (at a given level of labor), rather than 
only the partial ordering of concavity. 

Finally, it is worth noting that these optimal- 
input-choice results hold for the multiasset en- 
vironment as well. That is, the multiasset 
at-will firm chooses both the total amount of 
labor N I'= I ni and the allocation of labor 
across assets a- (a1, , am) in a manner 
that equates neoclassical and at-will profits, 
and consequently such a firm drives the wage 
of employees on each asset down to their res- 
ervation value. We state this result for the sim- 
pler continuous labor environment; its proof 
follows from the first-order conditions for the 
continuous multi-asset * in Result 3. 

Result 7: Suppose that xr(aN) is quasiconcave 
and *r(aN) has an interior optimum over (a, 
N): then the optimal { a*, N* } for the at-will 
firm satisfies 

(7) x(& I N*9 ... , 

=k( r(e*N*9 ..., 9 m**) 

(8) I s s) ds 
o 9nj 

- & , =~~~& J9 s-(a . s s) ds 
O nk 

- 1 Vj,k= 1,2,...,M. 

It is straightforward to show that, in the pres- 
ence of input choice, as in the single-asset set- 
ting, inputs would be chosen so that their 
marginal contribution, averaged appropriately 
over all labor configurations, is zero. Note that 
this result implies that at this point, (partial) 
front-load factors defined for individual assets 
must equal 1 across all assets. As such, the 
multiasset setting is similar to the single-asset 
case for the choice of firm scale N. What is 
interesting is the new condition for the deter- 
mination of labor allocation across assets, a. 
We will explore such distortions further in 
Section IV. 
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II. Implications for the Choice of Inputs: 
Capital and Labor 

In this section we explore some basic im- 
plications of the previous section's results to 
issues of input choice. It is useful to consider 
first the simple choice of labor when the firm 
has but one type of asset. After developing the 
economic intuitions for this setting, we pro- 
ceed to examine the joint determination of la- 
bor and capital. 

A. Labor 

Consider the hiring decision of an at-will 
firm compared to the neoclassical firm. As al- 
ready indicated in Result 4, we expect both 
overemployment and the resulting internal 
wage to equal w. To illustrate this notion, con- 
sider the following example. 

Example 1: Consider a firm with a linear de- 
mand curve for its final product, P(q) = a - 
bq, and a linear production function q = n. 
Thus, 7r(n) = (a - bn -w ) n. In particular, 
suppose that a = 25, b = 1, and w = 5: 
7r(n) = (20 - n)n. The neoclassical firm 
would hire n * 10 units of labor. The at-will 
firm's payoff is given by 

7(n) =- (20 - s)sds =On - 'n2. 
n 

The optimal choice of labor for this firm is 
n * = 15 > n *. Here, as in other examples we 
present, when the firm has the freedom to em- 
ploy additional labor, the equilibrium wage for 
the at-will firm equals the outside option of the 
employees in accord with Result 5. The solu- 
tion is illustrated in Figure 1. As the example 
demonstrates, employment is higher by a ratio 
of 3:2 in the at-will firm. This result, it turns 
out, is independent of the underlying eco- 
nomic parameters in the neoclassical profit 
function whenever 7r is quadratic.9 

Profits 
100 t() 

80 
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20 
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FIGURE 1. OPrIMAI. CHOICE OF LABOR 

THEOREM 1: Suppose that 7r(n) is quad- 
ratic (and concave) in n. Then */In* = 3/2, 
independent of the underlying parameters of 
w(n). 

PROOF: 
Let wr(n) =(, + frn + 42n2, with ?> > 0, 

02 < 0. The neoclassical optimum is easily 
found to be n* = -2(II&/2). The at-will 
firm's profits are 

-r(n) =-f 7r(s) ds =4 + 'ln + '42n2 n ( 

Differentiating with respect to n and setting to 
zero yields n* = -4(4IP02). The resulting 
ratio is as stated. 

The result that a firm may want to overem- 
ploy in order to increase its internal labor pool 
and thereby reduce the bargaining power of 
labor is quite intuitive.") 

' It should be noted that, although the ratio of employ- 
ment levels is independent of the parameters of 7r, it does 
generally depend upon the division of bargaining power. 
In our present case in which surplus is divided equally in 
pairwise negotiations, the factor is '. More generally, the 

factor exceeds unity by the proportion of the surplus going 
to labor in the pairwise meetings (which is ' in our present 
setting). 

"' Other papers have discovered similar effects in 
which excess employment improves the firm's ex post po- 
sition with labor, but for very different reasons. In the 
share economy of Martin Weitzman (1983), for example, 
overhiring also serves to drive down wages, through a pre- 
vious contracted (and binding) revenue-sharing agreement 
with employees. In contrast, in our setting the firm over- 
hires prior to any wage agreement, cognizant of how this 
will affect future negotiations. Jonathan Feinstein and 
Jeremy Stein (1988) also consider a model in which the 
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FIGURE 2. NEOCLASSICAL PROFITS VERSus NEGOTIATED PROFITS 

B. Capital 

Now consider the introduction of capital 
into the firm's profit function. As indicated in 
Result 4, capital will be chosen to equate the 
average marginal profit of capital to zero, 
where the average is taken uniformly over 
all possible configurations of labor; that is, 
either (1/[n + 1])27=0 lrk(i, k) = 0 or 
(I/n) fon wrk(S, k) ds = 0. Together with some 
information about the effect of capital on the 
marginal product of labor, we can determine 
whether there will be too little or too much 
capital vis-'a-vis the neoclassical optimum. 
Formally, let k*(n) and k*(n) represent the 
optimal levels of capital for the neoclassical 
and at-will firms, respectively, holding labor 
fixed at n; let r denote the cost of capital. Then 
we have the following statement. 

THEOREM 2: k*(n) > k*(n) if F,,k> O, and 
k*(n) < k*(n) if F,k < 0 

PROOF: 
Fix n. The neoclassical firm chooses k*(n) 

such that Fk(n, k*) = r. The bargaining firm 
(in the discrete setting) chooses capital such that 

E Fk(i, k*) = r. n + l ~i= 
If F,k > 0, then (1/[n + 1]) E.1=o) Fk(i, k) < 
Fk(n, k), and so k*(n) < k*(n). Analo- 
gously, if F,,k < 0, then k*(n) > k*(n). A 
proof of the continuous case proceeds along 
similar lines. 

Intuitively, by increasing capital, the at-will 
firm obtains a weighted average of the mar- 
ginal returns to capital of the various possible 
employment levels, ranging from 0 to n work- 
ers. When the marginal return to capital in- 
creases with labor, this weighted average is 
less than the marginal return with n employees 
(which is what the neoclassical firm obtains). 
Consequently, holding the number of employ- 
ees n fixed, the at-will firm underemploys cap- 
ital compared to the neoclassical firm. 
Likewise, when the marginal return to capital 
decreases with labor, the at-will firm hires 
more capital than the neoclassical firm for a 

firm may overhire to reduce employee opportunism by 
reducing the employee's outside option. In their setting, 
an employee who quits in the absence of employee redun- 
dancy takes a unique project opportunity with him. Em- 
ployee redundancy, however, reduces the external option 
to this project insofar as the firm will be able to compete 
with the departing employee using the same information 
(which has been obtained by the redundant employee as 
well). This potential competition reduces the value of set- 
ting up a competing enterprise and therefore lowers the 
employee's wage demands. 
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given n. The following example illustrates the 
distortion. 

Example 2: Let F(n, k) = 100 nk-n2 - k2, 
w = 1, and r = 1. The isoprofit contour plots 
of the neoclassical and at-will firms over 
choices of n and k are illustrated in Figure 2. 
As is clear, the contractual firm chooses a dis- 
torted capital-labor choice which underem- 
ploys capital and overemploys labor. 

Although Fnk > 0 always implies that 
k*(n) < k*(n), this does not in turn imply 
k*(ni *) < k*(n *). Unlike the above numerical 
example, it is possible that the excess labor hired 
by the at-will firm might raise the marginal prod- 
uct of capital so high as to induce k* > k*. 
Nonetheless, for a common class of profit func- 
tions the capital-labor ratio is always distorted 
downward due to bargaining concerns. 

THEOREM 3: Suppose that ir(n,k) nak - 
wn - rk, where a + 6 < 1. Then 

k* I {k*8 
nl* 2 n* 

PROOF: 
Solving the first-order conditions for the neo- 

classical firm's capital-labor ratio gives n = 
(aIl()(rlw). The at-will firm's payoffs are 

7r(n, k) =- (sakfl - ws) ds - rk 
no 

n ak wn 
= -rsrk- 1 +a 2 

The first-order conditions for -r are 

a w 
-nakV - (1 +a) n 2 

flnakfl =r( + a). 
k 

Dividing yields ni*/k* = 2(a/,)(r/ww). 

This theorem illustrates a more general 
property of the at-will firm's input choices. In 

the continuous labor setting, this wage- 
negotiable firm can be seen as acting as a neo- 
classical firm with a production function given 
by 

F(n, k) =-J F(s, k) ds + 2 wn 
n 

and maximizing ?r(n, k) = F(n, k) - wn - 
rk. Note, however, the presence of w in the 
at-will firm's induced production function F 
due to the wage-bargaining externality from 
additional labor. A higher external cost of la- 
bor, w, implies a greater return from using 
excess employment to hold down the internal 
wage demands. In Theorem 3 above, F = 
F/(1 + a) + w n/2, which directly translates 
into a distorted capital-labor ratio of 2 due to 
the positive labor externality. 

More generally, the possibility that an at- 
will firm may be mistaken for a neoclassical 
firm can lead to serious problems in the esti- 
mation of production and cost functions. As 
Theorem 3 above demonstrates, obtaining ac- 
curate estimates of the marginal rate of sub- 
stitution between capital and labor requires 
knowledge of the bargaining environment 
(i.e., neoclassical or at-will). Moreover, be- 
cause the market wage enters into the at-will 
firm's induced production function, Fn, stan- 
dard duality-based estimation procedures such 
as estimating factor demand relations and us- 
ing neoclassical optimization conditions to 
recover a firm's production function are prob- 
lematic. Furthermore, with an at-will firm, one 
must be careful about applying the standard 
properties of neoclassical cost functions. Al- 
though some properties (such as the monoto- 
nicity and concavity in factor prices) remain 
valid for the at-will firm's cost function, other 
standard properties (such as first-degree ho- 
mogeneity in factor prices) fail. 

C. Application: The Economic Incidence of 
Hiring Costs 

We now turn to a specific application of our 
methodology to the question of who actually 
pays the costs inherent in hiring (and perhaps 
training) a new employee. In the simplest bar- 
gaining model where the firm is free to vary 
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its employment level, we can think of our firm 
beginning negotiations with an exogenously 
given number of workers, say, n. As nego- 
tiations progress, some workers may leave 
(or be sent away), resulting in a final num- 
ber n * who agree to the stable wage profile 
w. The assumption that n 2 n * begs the in- 
teresting and important questions of adjust- 
ment costs. In particular, it is reasonable to 
suppose that the firm may have to expend 
resources to train (or otherwise hire) the ini- 
tial stock n well before wage negotiations are 
completed. In this subsection we first seek to 
establish who actually pays the training 
costs; this is a question of economic inci- 
dence. In the following subsection, we in- 
corporate the model into an uncertain 
environment to explore the effect of sto- 
chastic shocks in economy-wide wages. 

Suppose that there is some per-employee 
hiring cost of C which must be paid prior to 
production to have an employee available for 
wage negotiations and potential employment. 
The timing is straightforward. First, a suffi- 
ciently large number of potential employees, 
n, simultaneously announce the fraction of the 
cost C (e.g., training costs) that they will bear 
in exchange for employment prior to negotia- 
tions. After observing these payments, the firm 
simultaneously chooses some of the employ- 
ees to hire, n, who then show up having un- 
dertaken the promised degree of "training." 
Unchosen employees go to work in the neo- 
classical sector for the wage of w. At this 
point, we begin our familiar bargaining game 
resulting in an employment level of ni* c n, 
an internal wage of w(n*), and a profit of 

It is immediate in the case of no uncertainty 
that the firm will never find it optimal to train 
more than ni* employees, as eventually all la- 
bor in excess of nh* will be dismissed. Hence, 
n = n* in the deterministic setting. A more 
interesting question is how hiring costs C are 
divided in this setting. If employees offered to 
pay the entire hiring cost themselves, the firm 
would overemploy labor and drive the internal 
wage down to w, leaving the employees with 
a net wage w - C, which is less than their 
outside option, w. On the other hand, if the 
firm paid for the hiring without payments by 
the employees, the firm would not hire as 

many employees, leaving an internal wage 
in excess of the outside option of the 
employees. In this case, employees would 
gladly incur a portion of the costs, C, in or- 
der to get hired and earn rents. To find the 
equilibrium payment, we must find a fixed 
point (n*, 0), where 0 is the firm's share of 
hiring costs, such that at this point the em- 
ployees earn no excess rents in the firm given 
n * and the firm optimally chooses n *, given 
hiring costs are fixed at OC per employee. 
Formally, 

(9) w(n*) - w = (I - 0)C 

(10) n-* E arg max [X(n) - OCn]. 
n 

The first equation is the equilibrium condition 
for workers: their future excess rents exactly 
equal their contribution to the hiring cost, 
given the conjectured level of employment, 
n *. The second equation requires that the con- 
jectured employment is indeed optimal from 
the firm's viewpoint. For the continuous labor 
case, the first-order condition for (10) is 
rr(fi*) - 7r(n-*) = 9Cni*. Since all output is 
realized in either profits or wages, ir - = _ 
n(w - w); substitution yields w(fi*) - w = 
OC. Combining this expression with (9) pro- 
duces our result. 

THEOREM 4: In the deterministic wage- 
negotiation game with hiring costs, the firm 
and employee equally share in the payment 
of C: 

0 =2 

Moreover, the firm's optimal choice of f * is 
equivalent to the choice of a firm which faces 
no hiring costs but an outside wage of w + 
C: 

n =argmaxfr(n,w + C). 
n 

Rather strikingly, this result indicates that the 
ex post split-the-difference bargaining over 
wages induces an equal ex ante split in who 
directly pays the hiring costs. The economic 
incidence of hiring costs is completely deter- 
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mined by the equal bargaining power of the 
parties. " 

D. Application: Exogenous Shocks and 
Adjustment Dynamics 

We now consider uncertainty over the fu- 
ture value of trained labor. If training is such 
that the firm cannot hire new employees in re- 
sponse to an exogenous shock until a period 
of production elapses, our setting generates a 
number of interesting adjustment dynamics. 
Specifically, if an exogenous shock raises the 
outside option, the firm can cut employment 
to the optimal ex post level. However, if a 
shock leads to a lower outside option, insofar 
as the firm cannot hire immediately, the firm's 
ex post employment decision is constrained, 
and internal labor enjoys an increase in bar- 
gaining power. Thus, when there is uncertainty 
over future outside wages, there may be some 
option value to hiring additional workers, 
which must be balanced with training costs 
spent for workers who may not be utilized. In 
such a case, there will generally be some re- 
alized states in which the desired number of 
workers will exceed the number chosen up 
front. When hiring is thus constrained, the 
wage paid inside the firm will decrease by only 
a fraction as much as the outside shock, and 
workers will earn a wage premium. 

We presently explore these issues in an ex- 
ample that builds on the hiring-cost model of 
the above subsection. We assume that training 
is valuable for one period of production only; 
hence, training only confers option value to the 
firm with regard to the uncertainty to be re- 
solved in the current period. For this example, 
we take changes in the outside option w to be 
a reduced-form representation of the impact of 
shocks on the firm. Specifically, we assume 
that next period's outside wage is distributed 
on [w0, w I ] according to a density g (w ). Note 
that a positive (negative) shock to the firm's 

marginal productivity would operate quite 
similarly to a negative (positive) shock to its 
outside option. It is important to emphasize 
that, in order to explore adjustments to such 
shocks, in this section we depart from our 
maintained assumption for comparative-statics 
results elsewhere, that the firm can hire new 
workers in response to changes in exogenous 
parameters. We define w *(n) to be the critical 
value of w such that for all w < w *(n), a firm 
with n workers would desire to hire more 
workers absent training costs, and for all w > 
w *(n), the firm will prefer to dismiss some 
workers. Thus, w *(n) is defined by the equa- 
tion n = n*(w *(n)). _ 

When the realized outside wage is suffi- 
ciently high such that w 2 w *(n), the firm 
will reduce its employment to the point where 
the internal wage equals w. In such a state of 
the world, each worker (retained or dismissed) 
earns no excess rents. When w < w *(n), on 
the other hand, all workers are retained and 
w*(n, w) 2 w, with strictly excess rents re- 
alized in some states. Thus, the net gain from 
employment to a risk-neutral worker is the ex- 
pected wage premium over the low-wage 
states. Equating this with the worker's equilib- 
rium contribution to hiring costs yields a direct 
analogue to equation (9) above: 

rw*(n) 

(11) J [wi[(n, w) - w] dG(w) 
w0 

= (1 - 9)C. 

Now consider the firm's perspective. For a 
given stock of trained workers, n, the firm's 
profits can be decomposed into two regions of 
uncertainty. For w _ w *(n), the firm does not 
change its employment level from n, and it has 
profits of (n, w). For w > w*(n), the firm 
will optimally adjust its labor to n*(w), and 
profit is *(nl*(w), w). Taking expectations 
with respect to w, we have the firm's net profit 
given by 

" Using the framework in Stole and Zwiebel (1996), it 
is easy to generalize this result to show that the fractions 
of the ex ante training costs borne by the firm and the 
employees are always identical to the fractions of the sur- 
plus realized by the parties in the ex post pairwise wage 
negotiations, for any exogenously given bargaining split. 

2 When n is so large that for all w, ni*(w) < n, we set 
w*(n) = wo; similarly, when for all w, ny*(w) > n, we set 
w*(n) = w,. 
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w *(n) 
(12) J (n,w)dG(w) 

wo 

+ J (n *(w),w)dG(w)-OC. 
w *(n) 

The first-order condition for n simplifies to 

f!*(nl aOk(n, w) JW (n a - dG(w) =OC. 

As in the previous section, 0*/an = (1/ n) X 
(7r - f). Using the identity that Xr - - 
n (w - w), we can substitute wages for profits 
in the firm's first-order condition. Combining 
the expression with (11), We have once again 
that the training costs are equally split. 

THEOREM 5: In the w-uncertainly wage- 
negotiation game with hiring costs, the firm 
and employee equally share in the payment of 
C: 9 = C:0 2- 

Intuitively, if training were costless, the firm 
would like to train the number of workers it 
would choose to have if the outside wage were 
wo in order to maintain the option of keeping 
the optimal number of workers for each state. 
However, the presence of hiring costs lowers 
the number of workers that the firm will hire 
up front, in much the way it did in the previous 
subsection without shocks. What is particu- 
larly striking is that the firm still covers exactly 
half of the training cost in equilibrium when 
uncertainty is present. 

In addition, an at-will firm will exhibit in- 
teresting wage responses to external shocks. 
When a low-wage outcome is realized (i.e., 
w- <w *), the firm chooses to retain all trained 
workers, and the internal equilibrium wage ex- 
ceeds the outside wage due to bargaining pres- 
sures. When instead a high-wage shock is 
realized, the firm scales back employment to 
the ex post optimum of a firm facing no hiring 
costs. In this case, the internal wage moves in 
step with the outside wage. This asymmetric 
movement results in wage premia arising in 
good times (i.e., low-w or high-productivity 
states) and wages adhering to the outside wage 
during bad times. 

III. Applications of the Value of Front-Loading 

In Section I we presented results indicating 
that the portion of the productive surplus that 
the firm receives as profits depends upon the 
global character of the neoclassical profit func- 
tion, ir, and not just its value (and margin) at 
the current level of employment. Specifically, 
we introduced the notion of a front-load factor 
to capture the degree to which the firm's mar- 
ginal products of labor are distributed "up 
front" for low numbers of workers. It is clear 
from Result 6 that, if two technologies are 
equally productive at n, the at-will firm will 
prefer, given n, that which is more front- 
loaded. Consequently, a firm may prefer a sub- 
optimal technology from a set of potential 
production functions if it is sufficiently front- 
loaded relative to the otherwise efficient 
choice. Thus, there will generally be distor- 
tions in the choice of technologies by an at- 
will firm, given that such a firm is prepared to 
sacrifice productive efficiency for strength- 
ened bargaining power via higher front- 
loading.'" Additionally, although we have not 
formally modeled worker investments in hu- 
man capital and other noncontractible em- 
ployee actions, we could consider the 
preferences of workers for particular technol- 
ogies using the front-load factor. Specifically, 
suppose that the individual workers have some 
ability to affect the front-load factor of the 
technology they work with, perhaps through 
investments in human capital that make them 

'3 The point that underlying concavity or convexity 
may directly affect the equilibrium payoffs in a bargaining 
game has been noted in several papers. Probably closest 
to our own result is that of Gilbert Skillman and Harl 
Ryder (1993) who demonstrate in a two-worker model that 
a firm may rationally choose a less efficient technology if 
the first margin is sufficiently high relative to the total 
return. In a related paper, Henrik Horn and Asher 
Wolinsky (1988) show that a firm's preference for two 
smaller unions rather than one large union depends upon 
the substitutability of the labor groups in the given tech- 
nology. Patrick Bolton and David Scharfstein (1993) ar- 
gue that whether a firm will want to borrow from one 
creditor or two depends upon the returns to scale in the 
technology evaluated over two points. All of these papers 
insightfully note that the curvature of the underlying tech- 
nology is key; by considering more general technologies, 
however, we are able to identify precisely the manner in 
which this curvature is important (i.e., front-loading). 
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FIGURE 3. THE CHOICE OF LABOR GIVEN NONSPECIFIC 
EXTERNAL LABOR 

more indispensable on the current margin, or 
perhaps by increasing their synergies with 
other workers at the cost of general pro- 
ductivity. In such a setting, the workers will 
generally distort their investments toward 
back-loading technology. Such investments 
have the effect of entrenching the workers and 
increasing their bargaining power. A manager, 
for example, may increase his negotiated wage 
by undertaking investments that raise his spe- 
cific value to the firm and therefore back-load 
the firm's profit function.'4 

The notion of front-load factors can also 
be applied to other interesting economic 
questions. Essentially, any variable that in- 
creases a firm's front-load factor for any n 
will reduce the amount of overemployment 
the at-will firm chooses. We present three 
very different applications to illustrate the 
utility of this notion. 

A. Application: The Importance of Firm- 
Specific Human Capital 

An important issue related to our over- 
employment result involves asset specificity 
of human capital within the firm. To explore 

this topic, we suppose here that, in addition 
to the specific labor a firm can employ, it can 
also hire nonspecific labor in the external 
market at the wage of w. We take the un- 
derlying neoclassical profit function to be 
given by ir(n, m), where n is previously 
trained (firm-specific) labor within the or- 
ganization and m represents the number of 
nonspecific employees. We assume that the 
at-will firm can go to the external labor mar- 
ket at any time during the negotiations and 
hire nonspecific labor at a cost of w per unit 
(and therefore only specific labor has holdup 
power). In this environment, the at-will 
firm's profit is given by 

1 n 
*(n) =-J X (s) ds n s 

where 7(n) maxm,0 ir(n, m). In the ex- 
treme case in which nonspecific labor is pro- 
ductively identical to specific labor, if n ? n * 
(specific labor is less than the neoclassical op- 
timum), then 7(n) = ir(n*), and so f(n) = 
ir(n *); there is no labor distortion. If, instead, 
nonspecific labor is useless (i.e., does not af- 
fect production) then trivially, 7 (n) = (n), 
and the distortion is as though there were no 
nonspecific labor. Generally, the distortion 
will be intermediate between the neoclassical 
setting and the pure wage-negotiation setting 
without an external labor supply. That is, the 
firm will still overhire relative to a neoclassical 
firm, but the extent of this overhiring will be 
lessened by the presence of nonspecific labor. 
The introduction of an external (albeit imper- 
fect) labor supply at w has the effect of front- 
loading the neoclassical profit function. That 
is, even though -(n) = ir(n) for all n 2 n* 
and therefore is equally efficient from a neo- 
classical viewpoint, - (n) has a strictly higher 
front-load factor than ir(n) and is strictly pre- 
ferred by the at-will firm. An example illus- 
trates the effect. 

Example 3: Consider our previous setting in 
Example 1, but with an augmented production 
function, q = n + pm, where p E [0, 1] rep- 
resents the extent to which outside labor is a 
substitute in the firm's revenue product of la- 
bor. This gives us an expression for neoclas- 
sical profit equal to 

14 Andrei Shleifer and Robert.Vishny (1989) and Aaron 
Edlin and Joseph Stiglitz (1995) consider these issues of 
"managerial entrenchment" in more specific settings. 
More generally, the literature on influence costs considers 
activity by agents in a firm that enhances their position to 
the detriment of the overall firm (see e.g., Paul Milgrom 
and John Roberts, 1990). 
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r(n, m) = (25 - n - pm)(n + pm) 

- 5(n + m). 

Substituting for the optimal choice of m con- 
ditional on n, we have 

(625 - 20n)p2 + (20n - 250)p + 25 
4p2 

r(n) for 5(5p -1) 2p 

(20 - n)n otherwise. 

We consider both p = 0 and p = 2. When ex- 
ternal labor substitutability goes from p = 0 to 
P = 2, the optimal choice of specific labor goes 
from 15 to 13.9, and the at-will finn's profits 
increase (see Figure 3). The reduced asset spec- 
ificity (and consequent greater front-loading) 
helps the firm and leads to fewer total employees. 

The result that reduced asset specificity of la- 
bor improves the firm's front-load factor, 
increases 1r, and reduces the extent of over- 
employment is quite similar to the value of re- 
versible capital investments. The underlying 
intuition for the above results is that if an em- 
ployee quits (which does not occur in equilib- 
rium), the firm can respond by going to the 
external labor market and hiring an imperfect 
substitute, which ultimately lessens the cost of 
the employee's departure. Similarly, if the firm 
has the ability to change its capital stock (e.g., 
close down plants, switch to less labor-intensive 
production processes, etc.), it can minimize the 
loss from an employee quit. This front-loads the 
firm's ultimate profit function, changing it from 
-r(n, k) to Tr(n) = maxk 7r(n, k). The analysis 
is almost identical to that presented above for 
the effect of labor-specificity. Notably, in the 
limit when capital is fully flexible and costlessly 
reversible, there will be no distortion in capital 
choice as labor can never hold up its value. 

B. Application: Preferences 
for Unionization 

We can think of employees' (the firm's) 
preferences over various unionization struc- 

tures as a direct application of front-load fac- 
tors: for two structures with identical output, 
the structure with the lower (higher) front- 
load factor is preferred. Here, we abstract from 
the many roles a union may serve and take it 
to mean solely a binding commitment by a 
fixed number of employees to bargain together 
for the same wage and to decide jointly 
whether to work as well.'5 To this end, con- 
sider a firm with several employees in which 
employees can initially choose to deal with the 
firm either individually or as a collective 
group. When will the employees prefer frag- 
mented negotiations to centralized ones? The 
answer to this question is immediate from 
Result 6. 

A union has the effect of linearizing the 
labor-revenue-product function, which means 
that if the original technology was convex, a 
union makes it more concave (and hence more 
front-loaded since the endpoints are un- 
changed); likewise, if the original technology 
was concave, unionization makes it more con- 
vex. A union is desirable from the employees' 
point of view (and hence undesirable from the 
firm's point of view) whenever the underlying 
technology is concave, while the reverse holds 
true for convex technology.'6 Insofar as em- 
ployees can selectively choose when to com- 
mit to bargaining as a group and when instead 
to bargain individually, they can-as far as 
the bargaining outcome is concerned-effec- 
tively linearize concave regions of the produc- 
tion function while keeping convex regions 
fixed, thereby lowering the front-load factor 
and, for a fixed number of employees, raise 
their wages. 

A simple numerical example with two em- 
ployees illustrates the relationship between un- 

'" It is important to note that this abstraction suppresses 
many of the important features of union-firm bargaining 
addressed in the labor literature (see e.g., Richard Freeman 
and James Medoff, 1984), which may conceivably interact 
with bargaining considerations we take up presently. For 
example, unions are often thought to be concerned with 
the number of members as well as wages. 

16 A similar relationship between convexities and the 
desirability of unionization has been noted by Horn and 
Wolinsky (1988), although in a different bargaining 
environment with two employees (or two groups of 
employees). 
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FIGURE 4. UNIONIZATION AND FRONT-LOADING 

ionization and the concavity of the technology 
nicely; the example is easily generalizable. We 
suppose that N is fixed at 2 and w = 0 for 
simplicity, and we consider two equally effi- 
cient technologies [i.e., F'(2) = F2(2)] but 
with different inframargins: { AF'(1) = 4, 
APF(2) = 2) and {/AF2(1) = 2, AF2(2) = 
4 ). In this case, F' is concave and F2 is con- 
vex. With the first technology, employees in 
the at-will firm earn wages of 4, while the firm 
makes profits given by X ' = 3(O) + 3(4) + 
3(2 + 4) = '3, while for the second technol- 
ogy wages increase to 5X, while firm profits are 
only 12 = 3(0) + 3(2) + 3(2 + 4) = 8. With 
a union, in both cases, the firm is dealing with 
a single entity whose marginal product is iden- 
tical to its total product: here, 6. Therefore, if 
employees were to commit to negotiating to- 
gether, each employee would obtain a wage of 
2, and the at-will firm would realize profits of 
xu = 3 where the superscript u denotes "un- 
ion." Consequently, w l <0 u < V2 and X ' > 
_kU > _k2. From this it is clear that, given the 
choice, employees would opt to bargain as a 
unit given the first technology and would opt 
to bargain individually given the latter. The 
linearization is illustrated graphically in 
Figure 4. 

In a more general setting with many em- 
ployees distributed across various activities 
(and, as in Section IV, with possibly different 
productivities), we could consider the optimal 
union structure from the point of view of the 
workers. In such a setting, workers who are 
highly substitutable with one another (and 
thus susceptible to diminishing returns) will 
typically want to form a single collective bar- 

gaining unit, while workers with strong com- 
plementarities in labor (and thus characterized 
by increasing returns) will prefer to belong to 
separate groups. Thus we have a route to ex- 
plaining why in any particular industry there 
may be a particular configuration of unions 
across the employees. 

Note that, although the notions of concavity 
and convexity provide the correct intuition in 
this application, in general the crucial condi- 
tion is the notion of front-loading. One could 
easily imagine a particular organization of bar- 
gaining units such that it was neither concave 
nor convex compared to another structure. 
Nonetheless, a complete comparison always 
exists using front-load factors. 

C. Application: The Effects of Competition 
on Observed Labor Efficiency 

It is sometimes argued that monopolists are 
plagued with incentive problems, which are 
reduced by the presence of product-market 
competition.'7 We provide an altogether dif- 
ferent explanation, suggesting that such an 
empirical observation is consistent with the 
theory of an at-will firm where hiring deci- 
sions are second-best optimal. In short, the 
presence of competition fundamentally alters 
the curvature of the firm's neoclassical profit 
function (and consequently its front-load fac- 
tor), thereby affecting its bargaining relation- 
ship with employees and consequently its 
returns from overemploying labor. Depending 
upon the nature of competition, increased mar- 
ket pressure may increase or decrease the 
front-load factor of ir(n), leading to either a 
decrease or an increase in employment. Below 
we consider two distinct forms of competition, 
illustrating each of these phenomena. 

Because the at-will firm will always over- 
employ relative to the neoclassical firm, the 
relevant comparative static is the relative effect 
of competition on overemployment: n*l/n*. 

'7 See, for example, Harvey Liebenstein's (1966) dis- 
cussion of X-inefficiencies. A similar story is frequently 
told about the cleansing effect of recessions: during a pe- 
riod of reduced demand, firms search for inefficiencies and 
waste within their organizations and dismiss employees 
with low marginal revenue products of labor. 
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We have already seen above in Theorem 1 that 
merely shifting or rotating a linear demand 
curve will have no effect on this ratio. When 
competition affects a segment of a firm's cus- 
tomer base disproportionately, however, this 
can effect the relative proportion of employees 
that the two types of firms choose to hire. For 
example, a competitive fringe of firms may 
suddenly emerge which is prepared to sell un- 
limited quantities of output at their constant 
marginal cost, which is higher than the incum- 
bent's marginal cost. In this case, the incum- 
bent's effective (inverse) demand curve 
becomes horizontal for points at or above the 
fringe's marginal cost, affecting the front-load 
factor of the underlying neoclassical profit 
function. Provided that the competitive fringe 
is sufficiently inefficient, potential competition 
will have no effect on the neoclassical firm 
(i.e., its monopoly price is already below the 
competitive fringe's marginal cost). In this 
setting, we can unambiguously predict the ef- 
fect that competition has on the ratio n */ n *. 

Along these lines, we consider a firm with 
linear (inverse) demand, P(q), and an outside 
wage w < P(0). We assume that the produc- 
tion function is simply q = n, and therefore 
the monopolist's profit is given by x.m(n)= 
(P (n) - w ) n when competition is not present; 
let pm denote the corresponding optimal mo- 
nopoly price. When the competitive fringe is 
introduced, it is willing to supply unlimited 
quantities at the price of ff< P(0). We assume 
that p-> pm so that the neoclassical firm's hir- 
ing decision is unaffected by competition. Let 
xrc (n) represent the neoclassical profit function 
of the firm after competition is introduced. A 
numerical example with linear demand nicely 
illustrates the effect of a competitive fringe on 
these functions, and hence on the at-will prof- 
its xm(n) and xc(n). 

Example 4: Let P(q) = 1 - q, w = 0, and 
p-= 0.6. Before and after the introduction 
of competition, the neoclassical firm chooses 
n* = 0.5. The at-will firm's choice differs, 
however: before, fl* = 0.75; while after, it in- 
creases to fl* = 0.78. 

The presence of competition lowers some of 
the previously high inframargins by restricting 
the firm's ability to raise prices in the event of 
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FIGURE 5. PRODUCT-MARKET COMPETITION 
AND LABOR CHOICE 

a forced output reduction. Specifically, the in- 
troduction of the competitive fringe effectively 
linearizes the neoclassical production function 
over the domain [0, P` (ff)], as indicated in 
Figure 5. From Section I, we know that such 
a transformation of the neoclassical profit 
function, which lowers its value over some in- 
terval without affecting its endpoints, reduces 
the front-load factor at the endpoint and in- 
duces a higher employment level from the at- 
will firm. Thus, lrm is more front-loaded than 
xrc for all n 2? P-' (ff) = 0.4. Accordingly, a 
firm facing competitive pressures will increase 
its employment rolls in order to reduce the in- 
ternally bargained wage. The neoclassical 
firm, however, does not change its hiring 
decision, as competition only affects the in- 
framarginal profits. Intuitively, competition 
raises labor's bargaining strength in an at-will 
firm because under competition a reduction in 
output can push the firm into an employment 
region that is even less profitable than before. 
Previously, the firm could respond to low out- 
put with a higher price, mitigating the output 
loss; with competition, such mitigation is con- 
strained. This intuition generalizes as follows. 

THEOREM 6: Suppose that - > pm. Under 
uniform pricing, the introduction of a compet- 
itive fringe at price i- increases the employ- 
ment level of the incumbent at-will firm 
compared to the neoclassical firm (both ab- 
solutely and proportionally). 

PROOF: 
Let n * be the neoclassical optimum. Let n- 

be the level of employment that generates 
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a price of p-: n- = P '(pi). By assumption 
Um (fn) = rxc (n) for all n 2 n-, and therefore 

the neoclassical firm chooses the same n * re- 
gardless of whether there is a competitive 
fringe. Competition, however, linearizes xrc (n) 
over the domain from 0 to n-, connecting 0 with 
-r(n-). Because the integral over [0, n*] of 
lrm(n) exceeds that for xrc (n), the front-load 
factor at fl* is lowered below unity when 
competition is introduced. Hence, the condi- 
tions for an at-will firm's optimum require that 
11* < fl* tm C 'l 

We now turn to a related form of competi- 
tion in which the incumbent firm perfectly 
price-discriminates (i.e., sets a different price 
for each unit sold) and competition, as before, 
consists of a competitive fringe willing to sup- 
ply unlimited quantity at the fringe's higher 
marginal cost, p-. In such a setting, we will see 
the above result is reversed; here the introduc- 
tion of a competitive fringe decreases the rel- 
ative employment of the at-will firm. Consider 
first a simple numerical example. 

Example 5: Let P(q) = 1 - q, w = 0, and 
p-= 0.25. Before and after the introduction 
of competition, the neoclassical firm chooses 
n * = 1. The at-will firm's choice differs, how- 
ever: before, nl* = 1.5; while after, fl* = 1.39. 

Intuitively, the effect of introducing a com- 
petitive fringe with higher marginal costs on 
the neoclassical production function can be de- 
composed into two components. First, the neo- 
classical profit function shifts downward by a 
fixed constant equal to the lost rents previously 
realized from price-discrimination on all high- 
demand consumers who were willing to pay 
in excess of p-. Such a constant downward shift 
in profits, represented by the dashed extension 
to the xrc (n) curve in Figure 6, does not affect 
the production decisions of either the neoclas- 
sical or the at-will firm; it is equivalent to an 
increased fixed cost of production. However, 
this shift overrepresents the effect of compe- 
tition on the neoclassical firm's profits over the 
interval [0, P-A (p-)], since at these low levels 
of production not all this profit is being real- 
ized in the first place, as only a fraction of the 
high-demand consumers are being serviced. 
Indeed, up to the point P- '(p), the neoclas- 

Profits 

0.4 
F-i n) 

0.2 

0.5 1 1.5 2 

-0.2 . 

FIGURE 6. PRODUCT-MARKET COMPETITION 
IN THE HIGH-END MARKET 

sical firm's profits are once again linearized by 
competition; the firm obtains a fixed price -p 
from all customers over this range. Hence, the 
actual neoclassical profit function with the 
competitive fringe is given by the solid rep- 
resentation of rxc in Figure 6. This second shift, 
however, is the reverse of that induced by the 
introduction of a competitive fringe in the 
uniform-pricing case; it consists of a shift that 
raises the value of the profit function over the 
range [ 0, P - (ff) ] without affecting its end- 
point. This shift consequently increases the 
front-load factor at the endpoint and induces a 
lower employment level from the at-will firm, 
while leaving the neoclassical firm's produc- 
tion level (which we have assumed exceeds fp) 
unchanged. In contrast to the previous case, 
the introduction of a competitive fringe under 
price discrimination lowers the neoclassical 
profit function more at high levels of produc- 
tion than low levels. With price discrimina- 
tion, the margins that are eroded by such a 
competitive fringe were more susceptible to 
employee holdup than without price discrim- 
ination, and consequently, the introduction of 
this fringe (and the subsequent loss of these 
margins) makes excess labor relatively less 
valuable to the firm. Our result once again 
generalizes. 

THEOREM 7: Assume that firms perfectly 
price-discriminate. The introduction of a com- 
petitive fringe decreases the employment level 
of the incumbent at-will firm compared to the 
neoclassical firm (both absolutely and pro- 
portionally). 
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PROOF: 
Let n-m be the original at-will monopolist's 

optimal employment level. Since Results 4 and 
6 together indicate that front-load factors are 
dri*en up to 1 at the optimum, it follows that 
,fgm srr (s) ds = 0. Over the region of em- 
ployment where pf does not bind, 7r'(s) = 
7r' (s); the profit functions differ only by a 
fixed constant. Over the region where the out- 
side competitive price of p constrains the 
firm's offered price, -7r'(s) < 7r ' (s). Thus, 
RIm s rr (s) ds < 0. This implies that the front- 
load factor under competition at nl* exceeds 
unity, implying fl* < n-. Furthermore, since 
the neoclassical firm's output decision is un- 
affected by potential competition, the employ- 
ment in the at-will firm decreases relative to 
the neoclassical firm. 

The introduction of price competition re- 
duces the holdup power of labor, thereby rais- 
ing the front-load factor. The result is that the 
firm overemploys to a lesser extent. It is worth 
remarking that the above effect of perfect 
price-discrimination continues to hold when 
discrimination becomes less than perfect. For 
example, consider the setting in which a firm 
practices third-degree price discrimination and 
sells to two markets, one high demand and one 
low demand. The competitive fringe directly 
enters the high-demand market, ignoring the 
less profitable low-demand consumers. Here a 
similar effect emerges from the lowering of the 
high-demand market margins, and the firm 
will desire fewer workers. Of course, there is 
also a countervailing force similar to the 
uniform-price setting above, leading in the op- 
posite direction. Which effect dominates 
depends upon the underlying market demand 
curves. In general, competition can either en- 
hance or reduce the bargaining position of la- 
bor and therefore can either induce an increase 
or decrease in the overemployment magni- 
tudes, depending upon inframarginal effects. 
The two important effects are nonetheless 
clear: competition can reduce front-loading 
and therefore increase employment when 
competitive pressures restrict the firm's ability 
to respond to labor holdout by raising prices; 
competition can alternatively increase front- 
loading and reduce employment when prior to 
competition the firm is not able to adjust prices 

further to mitigate the consequences of labor 
holdout (because the firm is already fully ex- 
tracting consumer surplus). 

IV. Organizational Design 

We now turn to applications where the 
firm's production function will have multiple 
labor arguments, representing heterogeneous 
labor."8 While we will generally speak of this 
differentiated labor in terms of employees as- 
signed to different assets, the generality of 
these results should be emphasized. In partic- 
ular, we could just as soon be talking about ex 
ante differentiated employees or employees 
assigned to different "teams." What will be 
important, however, is the presumption that, 
upon bargaining, these employees cannot be 
reassigned across "assets"; that is, due to 
training or an ex ante differentiation, the "as- 
sets" that employees are assigned to are fixed. 
In Subsection IV-E we consider cross-training 
and examine the consequences of allowing 
firms to vary this assignment. Reviewing no- 
tation, we will consider a firm with production 
function F(nA, nfB), where nA and nB are the 
amount of labor the firm has to work on assets 
A and B respectively. We let N nA + nB 
represent the total scale of production, and let 
ae (a1, a2) represent the labor-allocation de- 
cision, where ai ni IN E [0, 1]. 

A. Economies of Scope 

We begin by demonstrating that employee 
bargaining induces simple scope distortions 
across different groups of labor that are similar 
to the scale distortions explored in Section III. 
This can be seen most clearly in a simple ex- 
ample holding labor decisions (N and a) fixed. 

Let nA = 1 and nB = 1, and w = 0 for both 
employees. This setting could, for example, 
depict two unions that represent minimal bar- 
gaining units. We define the underlying scope 
economy naturally by AF( 1, 1) -F( 1, 1) - 
F(1, 0) - F(0, 1) + F(O, 0): AsF indicates 
the total additional revenue product of labor 
produced from the synergies of the two pro- 

8 In all of our examples two arguments will suffice, 
though it is straightforward to generalize. 
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ductive groups. A neoclassical wage-taking 
firm would choose technology, F, so as to 
maximize xr = F(1, 1). Result 3, however, 
indicates that 

I [F +F(1, 0) 

F(O, 1)1 + J2 +F(1,l) 

=-2[F(O, 0) + F(1, 1)] -6AsF. 

Note that, instead of simply choosing technol- 
ogy to maximize total output F( 1, 1), the at- 
will firm cares about F(0, 0) and AsF as well. 
The F(0, 0) is just our familiar front-load ef- 
fect; technologies which produce more from 
earlier margins are favored over equally effi- 
cient alternatives. The As F term, however, in- 
dicates that holding overall output fixed, the 
at-will firm will also disfavor economies of 
scope. Intuitively, both the employee on asset 
A and the employee on asset B are essential to 
realize the economy of scope, and conse- 
quently both extract surplus from this in bar- 
gaining. If, instead, economies of scope were 
0, only one employee would be essential for 
any particular margin. This result should not 
be confused with the incorrect statement that 
at-will firms do not like economies of scope: 
they do, insofar as they contribute to total out- 
put (just as with economies of scale). How- 
ever, given a certain total output, such firms 
would prefer this output to be generated with 
economies of scope (and scale) that are as 
small as possible. 

One potential application of this result is to 
Williamson' s (1975) puzzle of selective inter- 
vention, which asks why mergers are not al- 
ways profit-increasing given that all previous 
independent activities can be duplicated and 
the combined entity can selectively intervene 
to capitalize on any synergies. Such logic 
would imply that any pair of firms that impose 
externalities on one another could benefit by 
merging. Consider, however, the merger of 
two firms that impose positive externalities 
upon one another when bargaining concerns 
are present. In our setting, the employees can 
now make claims on the positive externalities 

that previously existed and were unclaim- 
able.'9 Such considerations of intrafirm bar- 
gaining pressures may serve as an important 
countervailing force, explaining why firms 
that impose externalities upon one another 
may choose to remain separate entities. 

B. Input Misallocation Across Divisions 

We now consider a simple example con- 
cerning the labor-allocation choice a of an at- 
will firm with a given technology, F, and 
number of employees, N. We demonstrate 
here such a firm's incentive to distort its ex 
ante choice of employee assignment to assets 
or groups (or equivalently, what types of em- 
ployees to hire), given the bargaining that will 
later ensue. 

Let N = 2, w = 0 for all employees, and 
consider a technology, F, such that F(O, 0) = 

0, F(1, 0) = 0, F(O, 1) = 3, F(1, 1) = 4, 
F(O, 2) = 3, and F(2, 0) = 5. With one em- 
ployee, both the neoclassical and the at-will 
firm would allocate the employee to asset B. 
With two employees, the neoclassical firm 
would clearly allocate both workers to asset A 
yielding a profit of ir(2, 0) = 5. In particular, 
its preferences over the three possible configu- 
rations of two employees is given by -r 2, 0) > 
7r(1, 1) > 7r(0, 2). On the contrary, how- 
ever, the at-will firm would place both em- 
ployees with asset B. SPecifically, t( 2, 0) = 

X(0) + 4(0) + 4(5) = X, -(1, 1) = 4[4(3) + 
2(0) + 0 + 4] = 16 and 5i(0, 2) = 4(0) + 
4( 3 ) + 4((3) = 6. In these three labor config- 
urations, the wages of the employed work- 
ers are WA(2, 0) = 5; WA(l, 1) = 4 and 
WB( 1, 1 ) = Thl;and WVB(0, 2) = 2.It is notable 
that the order of preferences for the at-will 
firm, -(2, 0) < t( 1, 1) < 7(0, 2), is exactly 
the opposite of that for the neoclassical firm. 

C. Hierarchical Design 

We now turn to a continuous labor appli- 
cation, dealing with hierarchies, in which we 

' Here, we implicitly assume that an employee's abil- 
ity to hold up his own firm is greater than that of one with 
which his firm interacts. This could conceivably be justi- 
fied by recourse to transaction costs. 
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demonstrate how hiring distortions across dif- 
ferentiated labor can arise in a natural setting. 
Suppose firms hire both high-level managers 
and lower-level workers who bargain with the 
owners of a firm. We let m and n represent the 
number of managers and workers hired, and 
wm and w, represent their respective outside 
wages, where we assume wm > w,. We also 
assume that production takes the following 
form: 

F(n, m) = ( n ) 

with 4' > 0, 4" < 0, H' > 0, and H" <0; 0; 
can be interpreted as the efficiency of the 
workers, which depends on the ratio of man- 
agers to workers. Managers are only beneficial 
insofar as they increase workers' efficiency, 
and they do this at a decreasing marginal rate. 
From here, it follow that if the firm hires N = 
n + m total employees at a ratio of am man- 
agers to total employees, 

7(am, N) = H( (1 -t a)NO(a 

-wmNam -wnN(1 - am). 

Letting a ?(N) represent the neoclassical op- 
timal allocation decision for a given N, it fol- 
lows (by definition) that 

Ira ,(a*(N), N) =0 VN. 

As a preliminary step to our result, we seek 
to understand how a *(N) varies with total 
scale, N, in this hierarchical firm. Assuming 
an interior solution and a quasi-concave 
neoclassical profit function, we can totally 
differentiate the above first-order condition 
with respect to am and N and solve for 
da *(N)/dN.20 After some substitution with 
the first-order condition, we have 

dam(N) _ H"(-)(1 - am)(wm - ) 
dN H'( )1a,nam 

< 0. 

Intuitively, the dependence of the neoclassical 
optimal allocation a* on N follows from the 
lack of homotheticity in the underlying profit 
function. This lack of homotheticity in turn 
implies that &*(N) * a*(N).21 In our hierar- 
chy setting, because da*(N)IdN < 0, there 
will be an unambiguous distortion of the at- 
will firm toward higher levels in the hierarchy. 
Thus, top-heavy hierarchies emerge. 

THEOREM 8: Suppose in a two-asset setting 
that X is strictly concave in m and n, and 
da*(N)/dN < (>)0 VN. Then holding N 
fixed, the resulting choice of the at-will firm 
will distort its employment decisions toward 
(away from) asset m: * (N) > (<) am (N). 

PROOF: 
If dam(N)/dN < 0 VN, then irm(amN, 

(1 - am)N)/irn(amN, (1 - am)N) is decreas- 
ing in N. Integrating, together with the first- 
order condition for a for the neoclassical firm, 
implies that 

N 

fNlrm(a*(N)s, (1 - a*(N))s)ds 

N 

> fAhrn(a*(N)s, (1 - a*(N))s)ds. 

From equation (8) and the concavity of r, this 
implies that & * (N) > a * (N). 

Another more straightforward method of 
obtaining the result that an at-will firm may 
have top-heavy hierarchies follows from a di- 
rect consideration of bargaining power. Sup- 

20 Alternatively, it is straightforward to show that 7r(a,,, 
-N) exhibits the single-crossing property in (a,,, N), from 
which the sign of da*(N)/dN follows immediately (see 
Paul Milgrom and Christine Shannon, 1994). 

2 In Stole and Zwiebel (1996), we examine a weaker 
notion of a-homotheticity which is equivalent to having a 
linear expansion path along the given vector a; if a func- 
tion is a-homothetic for all vectors a, it is homothetic. 
This weaker notion of homotheticity is the necessary con- 
dition for &*(N) = a*(N) for all N (i.e., the allocation of 
the at-will firm is the same as the neoclassical firm), which 
can be seen immediately from equation (8). 
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pose that the higher tier splits the difference in 
pairwise bargaining sessions (as before), but 
the lower tier has no such power.22 Given this 
assumption regarding bargaining power, the 
at-will firm will continue to overemploy its 
senior managers (as always), but there is no 
reason to overemploy the second tier. Indeed, 
the second tier will be chosen at the standard 
neoclassical profit maximizing level, condi- 
tional on the overemployment of high-level 
managers. As above, we have immediately 
that * (N) > a * (N). 

D. Capital Budgeting 

We now show that a simple reinterpretation 
of variables provides an interesting application 
to capital budgeting. We consider the problem 
of a firm choosing how much capital kA and kB 
to allocate to projects A and B at the cost of r 
per unit of capital. 

First consider an extremely basic example 
with discrete labor allocation. In particular, 
suppose that each project has a single essential 
employee (or equivalently, consists of em- 
ployees who can commit to bargaining to- 
gether as a unit), with outside wage w = 0. In 
addition, we presume that, if the employee for 
an asset does not reach an agreement with the 
firm and departs, capital from this asset is use- 
less; that is, F(O, 1, kA, kB) = F(O, 1, 0, kB) 
and F(1, 0, kA, kB) = F( 1, 0, kA, 0), where 
the first two arguments of F are the numbers 
of employees on the assets (taken to be 0 or 
1) and the last two arguments are the capital 
inputs to each asset. With these assumptions, 
we can redefine production to depend only on 
capital and whether the employee for the asset 
is working; that is, G(kAnA, kBnB) F(nA, nB, 

kA, kB), where nA, nB E 10, 1}. 
Given employee bargaining, provided that 

the firm operates both projects with some cap- 

ital (i.e., there is an interior solution), the firm 
must solve the following capital-budgeting 
problem: 

max r = 'G(O, 0) + -G(O, kB) + 6G(kA, 0) 
kA,kB 

+ 3G(kA, kB) - r(kA + kB). 

The distortion relative to the neoclassical 
firm, which of course only cares about 
G(kA, kB) - r(kA + kB), is similar to that 
discussed above with economies of scope. 
In particular, the at-will firm will have a 
bias toward investing in the project that pro- 
vides higher returns when the other project 
is not undertaken. This will lead to smaller 
scope economies for the employees to hold 
up in bargaining. Also, it should be clear 
that, holding total output fixed, the at-will 
firm would prefer a technology G that yields 
fewer scope economies between the capital 
expenditures on each project. 

Now consider a firm that is initially funding 
project A and considering project B as well. 
We will take capital levels as fixed (i.e., a cer- 
tain fixed amount of capital is necessary for 
the project) and ask only what the firm's in- 
centive is to undertake a new project, B. To a 
neoclassical firm, project B offers a return of 
RB= G(kA, kB) - G(kA, 0) at a cost of rkB. 
To an at-will firm, the net return from the pro- 
ject is 

3RB + [G(O, kB) - G(O, 0)] - rkB. 

Insofar as production under the two projects 
is complementary (i.e., G12 > 0), it follows 
that, RB > G(O, kB) - G(O, 0), and conse- 
quently the at-will firm will be less likely to 
undertake the new project. If the two proj- 
ects are in-production substitutes (i.e., G12 
< 0), the at-will firm obtains an additional 
strategic benefit from undertaking the new 
project which may be sufficiently great so as 
to induce an at-will firm to adopt the project 
even though a neoclassical firm would not. 
Mathematically, this will occur whenever 
G(O, kB) - G(O, 0) sufficiently exceeds RB 
such that 

,RB + 4[G(O, kB) - G(O, 0)] > rkB > RB. 

22 There are many unmodeled but plausible justifica- 
tions for this, including the fact that the lower the tier in 
the hierarchy, the lower the specificity of labor and, hence, 
its ability to extract rents. In the extreme case of no labor 
specificity, the lower tier has essentially the same role as 
capital discussed in section II-B. In a more general setting, 
we could endogenize such bargaining weights or outside 
options as a foundation to this assumption. 
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We now turn to the continuous case, in 
which the firm can arbitrarily allocate labor 
and capital to its two projects. As before, we 
let F(nA, nB, kA, kB) represent the underlying 
technology. This implies the first-order con- 
ditions: 

1 N 

1Nf: (FnA(&*s, (1 - &*)s, kA, kB) 

-FnB(&*S, ( 1 - &*)S, kA, kB) )sds = 0 

1 N 

N (FkA(&*s, (1- &*)s, kA, kB))ds = r 

1 N 

N JofN(FkB(&*S,( 1&*)s, kA, kB))ds = r. 

The latter two equations suggest that the less 
sensitive Fk is to changes in N, the less the 
allocational distortion. If Fn,kA 0 while 
FnikB > 0, there will be an allocational bias in 
favor of project A, which is less sensitive to 
labor holdups. 

As we discussed earlier in Section III, when 
capital is reversible, the holdup problem for 
the benefits of capital is minimized. Therefore, 
if a firm has two projects and one of them has 
more reversible investment (higher resale 
value), this project will obtain higher relative 
funding than in the neoclassical case. Thus, 
despite the lack of any uncertainty in our set- 
ting, the option value of reversible capital is 
beneficial and attracts greater internal capital 
on the margin. The option value derives from 
the threat it confers in the bargaining game. 
While in equilibrium this option will never be 
exercised, its potential off-the-equilibrium- 
path usage can lead to important effects on ne- 
gotiated profits.23 

E. Benefits of Cross-Trained Employees 

Up to this point, we have presumed that, 
when faced with a multiasset or multigroup 
technology, the firm must first assign employ- 
ees to their respective groups, and then bar- 
gain, taking this assignment as fixed. This 
indeed is likely to be reasonable in many set- 
tings under the training-cost interpretation of 
employee holdup power; the firm hires em- 
ployees to work on different assets and trains 
them appropriately prior to production (and 
wage determination). However, such an inter- 
pretation begs the question of what are the po- 
tential benefits to the firm of cross-training 
employees, so that the firm may freely reassign 
them while bargaining. Our setting seems well 
suited to consider this and related questions. 
Indeed, the notion that firms cross-train em- 
ployees for the purpose of replacing holdouts 
(or at least to have this threat during negotia- 
tions) is consistent with widespread anecdotal 
evidence. Nonetheless, formal modeling of 
this set of questions has not, to our knowledge, 
received much attention in the academic 
literature. 

In order to address the potential bargaining 
benefits of cross-training, we must first be a bit 
more careful in specifying timing in our bar- 
gaining game. In particular, we will presume 
that, after any bargaining arrangement is 
agreed upon, the firm can reassign employees 
across assets. In effect, during the time when 
a firm is negotiating wages, we do not allow 
it to commit to not moving employees across 
assets for which they are qualified. Such re- 
deployments, of course, will be anticipated by 
employees and will affect the nature of the bar- 
gaining. Thus, a stable outcome with N em- 
ployees will now consist of a wage, profit, and 
employee assignment profile {I (i), *(i), 
&M(i)li N, such that no one can benefit from 
renegotiations and, additionally, the firm can- 
not benefit from reassigning employees across 
assets for any i. 

First consider the case in which all N em- 
ployees are cross-trained. For simplicity, we 
consider continuous labor. The only stable 
outcome will have &(i) = a*(i) Vi < N, the 
neoclassical optimum. That is, if a bargaining 
agreement with i employees is obtained, ev- 
eryone recognizes that, prior to production, the 

23 Our capital-budgeting considerations are similar to 
those in Shleifer and Vishny (1989), where distortions in 
internal capital allocation arise due to incentives of indi- 
vidual managers to undertake investments that increase 
their own marginal value to the firm. Here, instead, the 
firm effectively distorts capital allocations in choosing in- 
vestments that lessen managers' holdup power through 
front-loading. 
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firm will choose to assign its i employees in a 
manner that maximizes output F (i.e., pre- 
cisely the neoclassical optimal manner). Note 
that this is quite similar to the capital decision 
of the at-will firm when capital is reversible; 
all recognize that the choice will be that which 
maximizes output F. Thus, the profit for the 
at-will firm no longer is given by the neoclas- 
sical profits averaged along the ray from the 
crigin to the allocation decision. Instead, if ne- 
gotiations break down with some employees, 
the firm reallocates employees in the manner 
that maximizes F. Consequently, profits are 
instead given by averaging neoclassical profits 
along this neoclassical optimal labor expan- 
sion path. Specifically, 

(13) irCT(N) 

1 N 

IfN {F(sa*(s)) )-swcr} ds, 

where lrCT and WCT are profits for the firm with 
cross-trained employees and the outside op- 
tion for these employees, respectively. As 
usual, such a firm will hire employees until 
wages are driven down to the outside option, 
but here we must be careful in specifying what 
the outside option is for a cross-trained em- 
ployee. Initially suppose that cross-training 
does not alter an employee's outside option; 
that is, WCT = w. Then, comparing equa- 
tion (13) to (6) and noting that for all s, 
F(sa*(s)) 2 F(s&*), and also that the cross- 
trained firm could choose the labor choice of 
the non-cross-trained firm N*, it follows that, 
IrCT ? 7. A simple geometrical interpretation 
provides the intuition. While the at-will firm 
without cross-trained employees can only 
choose the endpoint of the (linear) ray in neo- 
classical profit space along which to average 
profits, the cross-trained firm can choose the 
entire labor-expansion path over which to av- 
erage neoclassical profits. Thus, the flexibility 
that cross-training provides under bargaining 
translates mathematically into the ability to 
choose the optimal labor-expansion path over 
which to integrate neoclassical profits. 

Of course, in many circumstances cross- 
training does not come for free for the firm. 
The cross-trained worker is likely to be able 

to realize at least the highest reservation wage 
associated with her various component skills, 
and perhaps a higher wage if other firms also 
demand employees with similar cross-training. 
Additionally, the training itself may be costly 
to the firm. Consequently, the firm may choose 
to cross-train only a fraction of its workforce, 
and may only do so across a subset of its re- 
quired tasks. 

One can solve for the optimal level of cross- 
training in such settings by expanding the di- 
mension of our production function to allow 
for cross-training. For ease of exposition, we 
demonstrate this only for the two-asset case 
here; generalizing the technique to any finite 
number of assets is straightforward (though 
solving the program can potentially be quite 
cumbersome). In particular, consider our two- 
asset firm with production function F(nA, nB), 

with the ability to cross-train employees at the 
additional cost of t per employee, which in 
turn raises such an employee's reservation 
wage to WCT. It is readily apparent that this 
problem is identical to our standard multiasset 
problem, if we add a third dimension for cross- 
trained employees to our production function, 
in the process taking into account added train- 
ing costs. In particular, we define 

F(nA, nB, nCT) 

- max F(nA +p,fnB+nCT-p) -ncTt 0 -p -ncr 

WCT (WA, WB, wCT). 

Note that, in this manner, cross-training is es- 
sentially treated as a "new asset," which hap- 
pens to have a very particular interaction with 
other assets in the production function. Treat- 
ing cross-training as such, it then follows that 
the firm's optimal labor and cross-training 
choice is equivalent to that of a multiasset firm 
with this additional asset in production. Thus, 
the optimal labor, allocation and cross-training 
decision follows from solving, 

(14) max (n) 
a,N 

= fN 

= I F(sae)- sa wTds. 
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Note that by augmenting F with a dimension 
for cross-trained employees, we have trans- 
formed the problem from one in which any 
labor expansion path could be selected (as in 
the case when all employees are cross-trained) 
back into choosing the optimal ray along 
which to average neoclassical profits. In doing 
so, however, we have to add an extra dimen- 
sion along which to choose the optimal ray.24 
This technique converts the rather complicated 
problem of choosing the optimal degree of 
cross-training in our model to a standard mul- 
tiasset problem, which we have already 
solved. 

V. Extensions and Concluding Remarks 

In this paper we consider the effect of intra- 
firm bargaining between employees and the 
firm on a wide range of organizational ques- 
tions. Taken as a totality, these applications 
demonstrate the broad scope of interesting and 
relevant questions concerning firm behavior 
on which a careful examination of wage de- 
termination has bearing. These questions in- 
clude not only the immediately apparent topics 
of hiring and input and technology choice, but 
also issues related to training and cross- 
training, firm-specific capital, unionization, 
the effect of competition, hierarchical design, 
and capital budgeting. 

As such, we see the simple bargaining 
model employed here (and developed with 
more generality and rigor in Stole and Zwiebel 
[1995]) as a framework on which to build a 
general theory of organizations. While the ap- 
plications presented in this paper are numerous 

and diverse, we believe that there are many 
additional organizational questions for which 
intrafirm bargaining is likely to be important. 
For brevity, we confine ourself to discussing 
just one here, albeit, one we find particularly 
important and interesting. 

Specifically, while we have considered bar- 
gaining between a "firm" and its employees 
under a given determination for bargaining 
power, it seems promising to endogenize what 
is meant by "the firm" and the determination 
of bargaining power. Consider in particular a 
conception of the firm more along the lines of 
Jensen and Meckling's "nexus of contracts," 
where the firm is taken to consist of its em- 
ployees and the capital they possess together 
with explicit and implicit contractual arrange- 
ments between them. Our paper in turn sug- 
gests the questions of how such employees 
interact in the presence of nonbinding labor 
contracts, and the implications of such inter- 
actions on the division of surplus. 

A natural manner to approach these ques- 
tions, which we are exploring in current re- 
search, is to modify our setting to "endogenize 
the firm." In particular, consider allocating 
the role of the "firm" in our setting to the 
employees. That is, rather than exogenously 
choosing the individual who makes input de- 
cisions, consider the endogenous allocation 
of this power to employees. Firm "profits" 
would be divided among different employ- 
ees (or perhaps groups of employees) on the 
basis of their relative importance in a bar- 
gaining game within the firm. The bargain- 
ing position of a group of employees would 
in turn likely depend on the production of 
different groups. 

Embedding such a setting in a dynamic 
framework is likely to yield interesting impli- 
cations for the relationship between different 
groups in an organization. Envisioning the or- 
ganization as an evolving political contest be- 
tween differing constituencies, who benefit 
from joint production but have conflicting 
goals on the division of surplus, seems to cor- 
respond well with intuitive notions of many 
organizations. Consider for example an aca- 
demic department or governmental bureau- 
cracy. Within such organizations, different 
groups are likely to complement one another 
in production, while at the same time to differ 

24 When there are M > 2 assets in the production func- 
tion, the same technique can be employed to obtain the 
optimal cross-training decisions. In particular, the neo- 
classical production function F must be extended to 2M - 
1 dimensions (one for each nonempty subset of M, rep- 
resenting all the various combinations of assets for which 
an employee can be trained). Then, the value of F under 
a given configuration of trained workers will follow from 
solving a simple linear-programming problem regarding 
how optimally to allocate the workers over the assets, 
given their training. Once F is so determined, optimal la- 
bor and training decisions follow in the standard manner, 
by choosing the optimal ray along which to average the 
extended neoclassical profits in this (2M - 1)-dimensional 
space. 
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in how joint surplus should be divided. Groups 
in control of allocation decisions are likely to 
assign new positions to retain power, while 
groups with relatively even power may at 
times choose to cooperate in order to avoid 
costly battles between constituencies. Exter- 
nal shocks to either the relative productivity 
or bargaining power of the groups, however, 
will yield a reallocation of power within the 
organization. Such a conception is likely to 
add insight to the tension between joint pro- 
duction and intergroup conflict in organiza- 
tions. Additionally, it should give some 
notion of when groups will align with one 
another and when they will oppose each 
other, and in what manner coalitions within 
an organization are likely to form. These 
questions in turn reflect upon a combination 
of our present analysis with classical theory 
of the firm questions; that is, how does in- 
trafirm bargaining affect the scope and or- 
ganization within a firm? 

Finally, it is worth reemphasizing the gen- 
erality of the framework considered here, and 
in Stole and Zwiebel ( 1996), along several di- 
mensions. First, in the companion paper, we 
demonstrate the robustness of the results that 
drive all our economic applications to a more 
general class of bargaining games that allow 
for any given division of bargaining power, 
including those which vary with the number 
of employees. We also demonstrate the cor- 
respondence of our bargaining game with the 
Shapley values of an associated cooperative 
game. As such, our setting yields a cooperative- 
game interpretation to the noncooperative bar- 
gaining game we have emphasized, and it 
implies results that are quite resilient to natural 
changes in the environment. 

In a completely different vein, it is also 
worth noting the wide scope of potential cir- 
cumstances to which this paper can be applied. 
While we have discussed the bargaining game 
in the context of a firm and its employees, the 
general notion seems just as applicable to any 
circumstance where holdup confers bargaining 
power on a collection of agents organized to 
engage in a mutually beneficial activity. As 
such, it would seem natural to apply our results 
to governmental decisions and legislative vot- 
ing, or to the general question of the formation 
of social networks. 
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