
Employees and Contractors:

The Role of Volatility in the Labor Market

Catherine G. Barrera∗

This Version: May 16, 2014

Current Version: here

Abstract

The decision of whether a firm should hire an employee or a contractor is increasingly impor-

tant as the role of agents in firms evolves. This paper introduces a general equilibrium theory of

employment versus contracting focusing on the timing of hires and the tradeoff between uncer-

tainty and urgency. Uncertainty creates a need for flexibility which requires waiting for relevant

information. This delay is costly due to urgency.

In this competitive labor market equilibrium, agents hired before the resolution of uncertainty

look like employees, while agents hired after look like contractors. An ex-ante hire performs a

subset of the tasks his firm receives; he is a generalist, working for a specific firm, and his job

is a function of that firm. On the other hand, an ex-post hire is a specialist whose talent is

spread across many firms; his particular firm assignment is a function of his specialization. The

model also predicts that the fraction of agents working as employees decreases in economy-wide

uncertainty and increases in urgency. Division of labor is decreasing in urgency.
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1 Introduction

Urgency and uncertainty present challenges to matching agents with jobs. Where should agents be

placed when there is uncertainty over the location of important tasks? How can agents be efficiently

placed when there is a limited supply of talent and urgency requires that tasks be done immediately?

This paper argues that employment and contracting can arise as solutions to allocation frictions.

Employees are agents who are allocated locally to tasks, allowing for responsiveness to urgency.

Whereas, contractors are agents allocated globally, allowing uncertainty to be addressed in the

labor market.

In this general equilibrium model, with symmetric information, complete contracts, and no

moral hazard, production occurs when an agent applies his skill to complete a task, which may take

on a number of values. Thus, agents and tasks must be matched, and like other matching models,

social surplus is maximized by allocating the highest skill agents to the highest value tasks, i.e.

through assortative matching.

This match cannot generally be achieved because agents are hired by firms, rather than

allocated directly to tasks. Uncertainty over which firms will receive high value tasks, together with

the urgency of tasks, creates friction in matching agents with tasks. An agent may be allocated

after uncertainty is resolved, thereby increasing the efficiency of his match; however, delaying agent

allocation is costly because it causes urgent tasks to go undone. The tradeoff between urgency and

uncertainty affects the efficiency of production, the nature of employment relationships, and the

degree of division of labor in the economy.

The timing of agent allocation reaches a stable equilibrium in which some agents are allocated

to firms ex-ante each period while others are allocated ex-post each period. Interpreting agents

who are allocated ex-ante as employees and those allocated ex-post as contractors, employment is

increasing in urgency and decreasing in uncertainty in the general equilibrium. Employment is also
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increasing in the supply of high skill labor. The model further predicts that the division of labor

is highest when urgency is low and uncertainty is low.

The results of the model support the employment versus contracting interpretation of allo-

cation timing. An agent who is hired before uncertainty is resolved does a subset of the tasks his

firm receives. Thus, the job of this agent is a function of the firm to which he is assigned. This

result aligns with casual observation, which suggests that the defining characteristic of an employee

is that he works for a single firm over an indefinite period. An employee’s job is defined by the firm

he works for; it depends on the tasks the firm needs to be done.

The model shows that agents who are allocated after information revelation have higher skill

utilization because they are able to spread their talent across a variety of firms. An agent who is

hired ex-post specializes in a particular type of task, and can work at any one of a number of firms,

as long as that firm has the correct task type. This description reflects real world working patterns

of contractors who are typically hired for specific projects or periods of time. Contractors work for

many firms, or clients, and therefore have the flexibility to specialize in a particular type of task.

The firm a contractor works for depends on his job specialization.

The equilibrium also describes three firm staffing policies. In the first policy, the firm hires

a high skill agent as an employee. A firm using this policy will have the employee perform any task

it receives. In the second policy, the firm hires a low skill agent as an employee. This employee

works only on some task types, as the firm will also hire a high skill contractor after it receives a

high value, non-urgent task. Lastly, in the third policy, a firm does not hire an employee, but hires

a contractor depending on the task type it receives.

The question of when a firm should hire an agent as an employee rather than as an inde-

pendent contractor is basic to organizational economics, having first been posed by Coase in his

1937 paper that founded the field. The literature on this topic focuses on the role of employees
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and independent contractors relative to the firm, rather than their role in the economy as a whole.

Allocation of authority to the firm has been proposed as the defining characteristic of employment

(Coase, 1937; Simon, 1951; Williamson, 1971). Authority is relevant when a choice cannot be

specified in the contract in advance, i.e. when there is uncertainty and contracts are incomplete

(Williamson, 1971). This paper presents an alternative to the existing theory of employment that

is not based on incomplete contracts and incentive issues.

The existing theory argues that when uncertainty over the state of the world is high, making

flexibility important, hiring an employee to execute the decision is better than hiring a contractor

because the firm can exercise its authority over the employee (Williamson, 1971, 1975; Tadelis and

Williamson, 2013). If this were the case, increased environmental volatility would lead to an increase

in traditional employment relationships. In fact, in many industries, the observed phenomenon is

the opposite: companies cite flexibility as a reason for hiring contractors and temporary workers.

The model in this paper uses a different type of uncertainty, that over task type, to provide an

alternative theory for agents as employees and contractors which accounts for these observations.

The issue of whether and why firms have authority over agent actions is under debate. Some

argue that relationship specific investments make at least one of the parties better off transacting

with its contractual partner than with another party in the market (Klein et al., 1978). When an

investment is made in an asset that is used in production, asset ownership determines which party

can take the asset if the relationship breaks down, and therefore directly affects the parties’ options.

When a firm owns an asset, its ability to replace an agent gives it authority over the agent’s actions

(Grossman and Hart, 1986).

The asset-ownership theory makes strong predictions regarding staffing decisions when phys-

ical capital is an essential factor, but does not explain staffing when non-human assets are less

important, such as in service industries. For example, the provision of legal services to a single
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corporate client does not rely on an asset that is owned by the client when the lawyers are in-house

employees and owned by the law firm when the lawyers are outside counsel. This example indicates

that factors other than authority contribute to staffing decisions.

The model in this paper sets aside both incomplete contracting and incentive issues. As

such, it is similar in approach to the team theory literature, which focuses on the structure of

organizations (Garicano and Van Zandt, 2013). While this literature does discuss tradeoffs with

respect to delay (Van Zandt, 2003, 1998; Radner, 1993), specialization (Bolton and Dewatripont,

1994; Garicano, 2000), and flexibility through use of local information (Garicano and Van Zandt,

2013), it does not directly address the employment versus contracting problem.

This paper is most closely related to the knowledge hierarchies literature, which argues that

a high skill agent’s time is leveraged by working with low skill agents so he can focus only on tasks

others are unable to do (Garicano, 2000). That result is similar to the specialization result in the

current paper; however, specialization here is the job of contractors who can be either low or high

skill. The result in this paper that contractors are specialists is in line with the argument elsewhere

that specialization is supported by market size (Garicano and Hubbard, 2008); here agents can

specialize by offering their skills in the open labor market, which is a larger market than a single

firm. In this paper, delay allows for a distinction between agents who are located together and

those who are located separately. Thus, this approach is complementary to knowledge hierarchies,

in which agents in the same hierarchy may be in the same or different firms.

The paper proceeds as follows. The next section briefly outlines a real world example of

the model. Section 3 introduces the variables of interest and sets up the model. The equilibrium

allocation of agents is derived in Section 4. Section 5 introduces the results regarding jobs and how

they differ by agent type and by assignment timing. Section 6 describes the equilibrium staffing

practices of firms and discusses which types of firms use each staffing policy. Section 7 explores the
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impact of uncertainty and urgency on employment and job design. Section 8 concludes. All proofs

of results are provided in the appendix.

2 Example: Corporate Lawyers

As the model is introduced, it will be helpful to refer to a real world example. Corporate law is

an industry in which the agents, lawyers, use their skill to work on tasks. Tasks can differ greatly

in value. For example, corporate legal transactions and lawsuits can range from tens of thousands

of dollars to hundreds of millions of dollars. Furthermore, agents of different skill levels perform

differentially on similar tasks. The legal profession comprises a broad range of talent, which is

assortatively matched with work; a labor market with lawyers as independent contractors allows

for talent to be effectively matched with cases throughout the economy.

In the field of corporate law, some cases are handled by in-house counsel and some by

outside lawyers. Legal scholars seeking to explain the rise of in-house counsel have cited firm

specific knowledge as an important benefit of using in-house counsel (Lynch, 1979; Machlowitz,

1989; Aibel, 1983; McKinney, 1979), as well as continuity of knowledge (Aibel, 1983; McKinney,

1979) and faster action (Chayes and Chayes, 1985; Machlowitz, 1989; Aibel, 1983; Hackett, 2002).

Some have also suggested that in-house counsel has a unique ability to play a preventative role

(Lynch, 1979; Chayes and Chayes, 1985; Aibel, 1983; Hackett, 2002). Alternatively, the cited

benefits of hiring outside counsel include utilizing specialization (Chayes and Chayes, 1985; Aibel,

1983) and cost saving of only hiring counsel when needed (Machlowitz, 1989; Aibel, 1983).

The theory presented here encompasses these arguments. Agents who are allocated ex-ante

(employees) use the time before tasks arrive to gain knowledge about the firm. Agents who are

allocated ex-post (contractors) must catch up, causing a delay that is costly. An ex-post allocated

agent, however, is matched with the firm where his skill can be best utilized.
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3 Model Setup

In an economy where agents use their skill to produce value by completing tasks, suppose there are

two types of agent, high skill and low skill, and two values of task that a firm may receive, high

value and low value. Frictions arise in the match due to three problems: 1) There is uncertainty

over which firms will receive high value tasks; 2) Agents must prepare before working at a firm,

and this preparation takes time; and 3) Some tasks are urgent, so delayed matches will cause a loss

of value due to the preparation time.

Working on a task requires preparation which is firm, rather than task, specific. As such,

the preparation can be done before the task arrives, but preparation for one firm is not helpful for

work at a different firm. For example, a lawyer working on a case for a corporation must have an

understanding of the corporation’s business environment, recent actions it has taken, and the laws

and regulations under which it operates. Assume this preparation must be done each time an agent

works; agents must keep up with recent firm decisions.

At time t, each firm receives a task, and the type of each firm’s task is publicly revealed.

Assume that preparation takes half a period, and that while preparing, an agent cannot also be

working on a task. Then, in order for an agent to begin working on a task when it arrives, he must

be matched with a firm at t − 1
2 . If, on the other hand, an agent is not matched until the tasks

arrive, he will not begin working on a task until t + 1
2 . Of all tasks, µ̂ are urgent, expiring before

t+ 1
2 . The rest of tasks are non-urgent, expiring at the end of one period. Working on a task takes

half a period, so the time required for preparation and work is one period.

Each task can be attempted only once; if an agent fails in completing the task, there is

no opportunity to attempt the task again. Figure 1 shows the timeline, indicating the timing of

preparation and of work relative to task arrival. At each firm, the task will either be attempted

in the first half of the period by an agent who prepared in the half-period before arrival (Pattern

6



new 
tasks	

arrive

t  t  - t + 1
2

1
2

prepare work

prepare work

t+1

1)

2)

Pattern

Pattern

Figure 1: Task Arrival and Preparation-Work Patterns

1), or attempted in the second half of the period by an agent who prepared in the first half of the

period (Pattern 2).

Each firm will receive a task of value v ∈ {v, v̄}, where v < v̄. This value is independent

of task urgency. There are two types of agent, α and ᾱ, where α denotes the probability that

the agent will successfully complete the task he attempts (otherwise no revenue is generated), and

α < ᾱ. Each agent’s type is public information.

These types can be thought of as lower and higher skill agents, where higher skill agents have

an absolute advantage in production. In the example, while all lawyers are highly skilled workers,

there is variation within the field; some are elite and some are average. In the model, ᾱ and α will

be referred to as ‘high’ and ‘low’ skill respectively for simplicity; the relative, not absolute, skill

levels of these agent types drive the results of the model.

The fraction of tasks that are high value is p̂ < 1
2 , but there is uncertainty over which firms

will receive these tasks. All firms are assumed to be ex-ante identical, unless otherwise indicated.

For expositional purposes, suppose the fraction of agents who are high skill is equal to the fraction

of tasks that are high value; this assumption will be relaxed, and the effect of high skill labor supply

analyzed, in Section 7. Assume there are as many agents as there are tasks.
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4 Optimal Agent Allocation

In a multi-period model, there is a tradeoff between ensuring that urgent tasks are done and

allowing agents to be efficiently matched with tasks by allocating them ex-post, because ex-post

allocated agents cannot work on urgent tasks the subsequent period. This section examines the

effect of urgency costs of ex-post assignment. First, a model in which tasks arrive in each of two

periods is presented, allowing for the detailed examination of this tradeoff. Then the implications

of extending the model are discussed.

In a finite model, there is no opportunity cost to assigning each agent ex-ante of the first batch

arrival of tasks. Each period agents may be reallocated after being allocated ex-ante. Reallocated

agents move into the ex-post role in the economy, continuing to work on available efficiently matched

non-urgent tasks. The number of agent who are reallocated is limited either by the urgency costs

or by the limited supply of non-urgent tasks. Thus, the system will always reach a steady state in

which no ex-ante allocated agent is reallocated ex-post.

4.1 Three Period Equilibrium Allocation

Suppose the economy lasts for three periods. Specifically, time begins at the start of Period 0. At

the beginning of Period 1, each firm receives a task. Some of these tasks are urgent and expire half

way through Period 1, and the rest expire at the end of the period. At the beginning of Period 2,

each firm receives a second task, which may or may not be urgent, as in Period 1. The timeline is

illustrated in Figure 2.

Note that ex-ante allocation of an agent for Period 1 does not prevent ex-post reallocation.

An agent can prepare to work at a firm before Period 1 begins, and immediately begin preparing

to work at a different firm at the start of Period 1. Each agent will be allocated to a firm for

preparation in Period 0.
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Figure 2: Timeline with Tasks Arriving Twice

Each agent allocated to a firm ex-ante has some probability of being inefficiently matched

with a task. Some high skill agents’ firms will receive low value tasks, and some low skill agents’

firms will receive high value tasks. Period 1 surplus may be increased by reassigning some of these

agents, but doing so will have an effect on Period 2 surplus. The equilibrium allocation of agents

maximizes total surplus, balancing the costs and benefits of ex-post reallocation.

Under the assumption that the fraction of agents who are high skill is equal to the fraction

of tasks that are high value, the fraction of agents who are high skill with non-urgent, low value

tasks equals the fraction of agents who are low skill with non-urgent, high value tasks.

As such, Period 1 surplus is highest when all non-urgent tasks are efficiently matched with

agents: high skill agents do all non-urgent, high value tasks; low skill agents do all non-urgent, low

value tasks. Each urgent task is done by the agent allocated to its firm ex-ante, because reallocating

these agents will decrease surplus. Figure 3 shows the match, including ex-post reassignment, that

maximizes Period 1 surplus.

While reallocation of mismatched agents in a given period increases surplus from work on

that period’s tasks, it has a negative impact on surplus in the following period. Working during

the second half of Period 1 prevents an agent from preparing during that time to work during the

first half of Period 2; therefore, reassigned agents cannot work on urgent tasks in Period 2.
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Figure 3: Period 1 Match with Ex-post Reallocation

On the other hand, the surplus generated by work on non-urgent tasks in Period 2 cannot

decrease as a result of Period 1 reassignment of agents. Reassignment during Period 2, the last

period, is not costly; it does not prevent work on future urgent tasks, because there are no future

tasks. Therefore, all non-urgent, high value tasks are done by high skill agents in Period 2.

If no agents are reassigned in Period 1, then in Period 2 all non-urgent, low value tasks

are done by low skill agents after Period 2 reallocation (see Figure 3). However, if any agents

are reassigned in Period 1, some non-urgent, low value tasks will be done by high skill agents in

Period 2 (as shown in Figure 4). Each high skill agent not assigned ex-ante for Period 2 (because

he was reassigned ex-post in Period 1) will work on a non-urgent, high value task. This allocation

decreases the demand for reassignment of Period 2 ex-ante allocated high skill agents from low

value to non-urgent, high value tasks. Thus, the surplus generated by work on non-urgent, low
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Figure 4: Period 2 Match with Ex-ante Unassigned Agents and Ex-post Reallocation

value tasks in Period 2 is increasing in Period 1 reassignment—more non-urgent, low value tasks

are done by high skill agents.

When the immediate surplus gain and the future gain on non-urgent, low value tasks exceeds

the cost from urgent tasks going undone, all agents will be reassigned in Period 1. Note that the

future costs are direct, resulting from the unavailability of a Period 1 reassigned agent to work on

urgent tasks in Period 2. The potential future benefit comes from a change in the allocation of

other agents, specifically high skill agents allocated ex-ante for Period 2 to low value tasks who

then are not reassigned.

The immediate benefit to reassigning a high skill agent to a non-urgent, high value task is:

(ᾱ− α)v̄ − ᾱv
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For each high skill agent that is reassigned, allocating the low skill agent left idle by that reassign-

ment to the non-urgent, low value task left open by that reassignment increases surplus by:

αv

Each reassigned agent will not work on urgent tasks in Period 2. Thus conditions1 for reassignment

to be efficient are as follows.

Condition 1.

αv > α[p̂v̄ + (1− p̂)v] (a)

(ᾱ− α)(v̄ − v) > (ᾱ+ α)[p̂v̄ + (1− p̂)v] (b)

These conditions hold when α is low relative to ᾱ, when v is low relative to v̄ and when µ̂ is

very low. In other words, they hold when the differences between high skill and low skill and high

value and low value make allocative efficiency important, and when urgency is very low so that the

cost of increasing allocative efficiency is low.

Proposition 1. Under Condition 1 all mismatched agents with non-urgent tasks are reassigned in

Period 1.

Agents who are assigned or reassigned ex-post increase allocative efficiency. Their role in

the economy is to create a better agent to task match. The role of agents who are assigned ex-ante

1These conditions are slightly stronger than necessary as the increase in surplus on Period 2 non-urgent tasks
would decrease the right hand sides of these inequalities. However, even if the weaker condition fails, the condition
that the number of agents and the number of firms is identical is required for no reassignment to occur. For a
larger number of firms, some urgent tasks will not be done regardless of ex-ante assignment. Therefore the cost of
reassigning an agent ex-post falls. For a larger number of agents than firms, reassignment does not imply that urgent
tasks aren’t done as the extra agents can be assigned to the firms that are left open.
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is to mitigate the costs of urgency by being prepared for newly arriving tasks. In this finite model,

agents who are reassigned in a period are moving from the ex-ante role to the ex-post role.

4.2 Extended Horizon

Suppose that instead of three periods, the economy lasts n periods, and the future is discounted

with discount factor δ. During each period for which surplus can be increased by rematching agents

ex-post, agents will be rematched.

Proposition 2. If the economy lasts for n periods, then for all v satisfying Condition 1, there is

a δ such that:

During each period, any ex-ante assigned agents that can be reassigned for an immediate

surplus increase will be.

As fewer high skill agents are allocated ex-ante, more non-urgent, high value tasks will be

available for ex-post reassignment. Thus, each period more agents are reassigned until the number

of high skill agents in the ex-post role equals the number of non-urgent, high value tasks at firms

that are not assigned a high skill agent ex-ante (see Figure 5). As the time horizon goes to infinity,

allocation of agents will approach this steady state.

In this case, after matching unassigned high skill agents with non-urgent tasks ex-post,

there are no more non-urgent, high value tasks. Thus, reassigning a high skill agent whose ex-ante

assigned firm receives a low value task cannot increase surplus, because there are no high value

tasks that he can be reassigned to.

The next two sections describe the behavior of agents and firms in the steady state of this

equilibrium allocation. Then the comparative statics of the steady state equilibrium are explored.
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Figure 5: Steady State Agent Allocaiton

5 Agent Jobs: Employees and Contractors

An agent’s skill level and the timing of his allocation determine the tasks he will attempt. In

equilibrium, an agent who is allocated ex-ante will exhibit characteristics typically associated with

employees—his productivity will be a function of the firm to which he is assigned. An agent who

is allocated ex-post will have characteristics typically associated with contractors—he will always

work on a particular type of task, which requires that his skill be spread across many firms.

In the steady state equilibrium, ex-post allocated agents must move between firms, as each

firm has a probability less than one of receiving the same task type in the next period. Contractors

move throughout the economy, applying their skill to tasks at different firms.

Employees add value because they are available to do tasks as they arrive; they reduce the

costs from urgency in the economy. There is no effect on surplus from ex-ante allocated agents
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moving between firms after they have worked on one task and before they begin preparing for the

next. While these agents can move between firms, doing so has no affect on surplus. Movement of

employees during a steady state equilibrium cannot, then, be explained by allocative efficiency.

High skill agents are assumed to have an absolute advantage, which makes them more

productive. In the equilibrium, high skill agents are also more productive because they are assigned

to higher productivity jobs, ones consisting of higher expected value of the tasks. There is an

additional differentiation in productivity between contractors and employees of each skill level

because of specialization.

5.1 High Skill Contractor’s Job

A high skill contractor adds value in the economy by working on a high value task received by a

firm which was allocated a low skill employee or no employee ex-ante. This allows these agents to

maximize their productivity and increases the output of firms that cannot hire a high skill agent

as an employee.

High skill agents who are allocated ex-post do only high value tasks. Working on a high value

task is more productive than working on a task of uncertain value. Thus, high skill contractors are

the most productive agents in the economy2.

Observation. High skill agents allocated ex-post work on non-urgent, high value tasks with proba-

bility 1. They are the most productive agents in the economy, having the highest expected output.

Once a high skill agent becomes a contractor, there will always be a high value task for him

to work on. However, no individual firm will receive such a task with certainty. Therefore, this

agent’s skill must be spread across several firms; in the steady state, over time he will necessarily

2Relaxing the assumption that there are at least as many high skill agents as there are non-urgent, high value
tasks, this model shows that the highest skill agents in the economy become contractors, never employees.
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work for multiple firms, even when each firm’s probability of receiving a high value task is constant.

A high skill contractor’s talent is used efficiently because he does not spend time on low value tasks.

5.2 High Skill Employee’s Job

A high skill agent allocated ex-ante does any task type his firm receives. Because his skill cannot

be utilized more efficiently elsewhere, high skill employees spend some of their time working on low

value tasks. This makes them less productive than high skill contractors.

Observation. In the steady state, a high skill agent allocated ex-ante attempts any task that his

firm receives.

The expected performance of a high skill agent allocated ex-ante is

ᾱ[p̂v̄ + (1− p̂)v]

In an economy with firms that differ in p, the assignment of a high skill agent to a particular firm

will determine the makeup of that agent’s job. A high skill employee works on a high value task

with probability p, and a low value task with probability (1− p), where p may be firm dependent.

Thus, the firm an ex-ante allocated high skill agent works for determines his job—the tasks he

works on.

5.3 Low Skill Employee’s Job

Low skill agents allocated ex-ante have the same role in the economy as their high skill counterparts.

A low skill employee works on whatever his firm needs done. In the steady-state equilibrium, a low

skill agent who is allocated ex-ante will do any task his firm receives except for non-urgent, high

value tasks, which are left for high skill agents to do.
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Observation. A low skill agent allocated ex-ante does the low value and urgent tasks that his firm

receives.

The expected value produced each period by a low skill agent allocated ex-ante is:

α[p̂µ̂v̄ + (1− p̂)v]

The low skill employee works on a high value task with probability pµ and a low value task

with probability (1− p), and has a p(1− µ) of being idle. Like the high skill employee, his job is a

function his firm.

That the low skill agent allocated ex-ante spends some time idle opens the possibility that

some low skill agents can be less productive than low skill agents allocated ex-post, who only work

on low value tasks.

Condition 2. More value is generated by an agent who spends all his time on a low value task,

than by an agent who works on a firm’s urgent and low value tasks, but is idle when the firm receives

a non-urgent high value tasks.

v ≥ p̂µ̂v̄ + (1− p̂)v

Under this condition, the low skill employee is the least productive agent in this economy.

5.4 Low Skill Contractor’s Job

Low skill agents allocated ex-post provide value by ensuring no non-urgent tasks remain unassigned.

A low skill agent who is allocated ex-post must work on a low value task, because all non-urgent,

high value tasks allocated ex-post are matched with high skill agents.

Observation. Low skill agents allocated ex-post do only non-urgent, low value tasks.
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As a contractor, the agent specializes in a particular type of task; low skill contractors work

only on low value tasks. Like the high skill contractor, the low skill contractor must have a large

number of potential clients, which collectively have enough tasks to support the agent working full

time on this particular type of task.

The results presented thus far reveal the working patterns of agents in this economy. Each

agent does a job that depends on his type and on the timing of his allocation. High skill agents

always work on tasks with higher expected value than the tasks low skill agents work on. Agents

assigned to a firm ex-ante do a greater variety of tasks than their counterparts allocated ex-post,

and high and low skill agents allocated ex-ante have over-lapping jobs.

6 Firm Staffing: The Use of Employees and Contractors

The staffing practices of firms in this economy balance the cost of uncertainty with the cost of

urgency. Firms can choose to staff for flexibility, allowing them to tailor hires to the task at hand.

Alternatively, they can staff for preparedness, having an agent ready, even if that agent may not

be best-suited for the task.

In the steady-state equilibrium there are three staffing policies, with resulting job design

implications, used in this economy.

Observation. In the steady-state equilibrium, firms have one of three employment policies in this

economy:

1. Hire high skill agent ex-ante; he does any task.

2. Hire low skill agent ex-ante; he does any low value or urgent task. Hire high skill agent ex-post

for non-urgent, high value task.
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3. Hire no agent ex-ante; if task is non-urgent hire high skill agent for high value task, low skill

agent for low value task ex-post.

The tradeoffs of the firm are clear when one considers the market wages that support this

equilibrium. The performance of a firm that hires a high skill agent is always higher than that of a

firm hiring a low skill or no agent ex-ante. However, the high skill agent ex-ante will have a higher

market wage. A low skill worker is paid less, but must be paid even when he does not work. Hiring

no agent reduces the wages that must be paid, but also increases the risk that the firm’s task will

go undone.

6.1 Staffing for Flexibility: Firms Differ in Probability of High Value Task

When firms differ in ex-ante probability of receiving a high value task, the ex-ante assignment of

an agent to a particular firm has an effect on surplus. High skill agents’ advantage in productivity

is higher for a higher expected value task. Thus, for all firms that are allocated agents ex-ante,

firms with the highest p must be allocated high skill agents.

Lemma 1. Under Condition 2, any ex-ante matches must be assortative, with the highest p firm

allocated a high skill agent and the lowest p firm allocated a low skill agent.

As some agents are only allocated ex-post, some firms are not allocated an agent ex-ante.

The types of firms that are not allocated an agent ex-ante depend on where assigned agents can be

most productive. High skill agents allocated ex-ante will produce

ᾱ[pv̄ + (1− p)v]
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This value is increasing in p. Thus, high skill agents must work at the highest p value firms.

Similarly, low skill agents allocated ex-ante to a firm of type p produce

α[pµ̂v̄ + (1− p)v]

which is decreasing in p due to Assumption 2. Because a low skill employee is idle when his firm

receives a non-urgent high value task, his talent is better utilized at firms with a higher probability

of a low value task.

Firms that benefit the most from having flexibility in staffing, those whose task type is least

certain, are the ones that will hire agents as contractors (ex-post). Firms that have more certainty

in their task type will hire employees, low skill for those with a low probability of a high value task

and high skill for those with a high probability of a high value task (see Figure 6).

Observation. Under Condition 2, in the steady state equilibrium, the firm types using each staffing

policy are as follows:

1. Firms with the highest p hire high skill agents ex-ante, who do any task.

2. Firms with mid-range p, hire no agent ex-ante, if task non-urgent hire ex-post: high skill for

high value, low skill for low value.

3. Firms with low p, hire low skill ex-ante, for low value and urgent tasks. Hire high skill ex-post

for non-urgent high value tasks.

7 Comparative Statics: Trends in Staffing

The characteristics of the economy determine the steady state that optimal skill allocation reaches.

Factors such as urgency, uncertainty, and high skill labor supply have an impact on the equilibrium
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unassignedα α

Figure 6: Ex-ante Agent Allocation by Firm’s Probability of High Value Task

size of the labor market for contractors, the division of labor, the firm types that are unassigned

ex-ante, and the level and inequality of agent wages.

7.1 Size of Contractor Labor Market

The fraction of agents who become contractors is a response to demand for ex-post allocative

efficiency. As urgency increases, the quantity of tasks available for reassignment, non-urgent tasks,

decreases. Therefore, the ex-post demand for agents decreases and fewer agents become contractors.

More workers will be hired as employees (ex-ante), so that fewer tasks are left undone.

Proposition 3. The quantities of high and low skill agents who become contractors (are hired

ex-post) is decreasing in urgency.

Uncertainty has the opposite effect on the equilibrium quantity of contractors; there are

more contractors when uncertainty increases. When uncertainty is high, few firms have a very high

probability or a very low probability of receiving a high value task. The firms assigned a high skill

agent ex-ante receive fewer non-urgent, high value tasks. Therefore, there are more non-urgent,

high value tasks elsewhere for high skill agents to be reassigned to. As the quantity of high skill

contractors goes up, the need for low skill contractors increases as well, because there are more
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firms that are not assigned agents ex-ante with non-urgent, low value tasks that can be done by

ex-post assigned low skill agents.

Proposition 4. The quantities of high and low skill agents who become contractors (are hired

ex-post) is increasing in uncertainty.

Having more contractors in the economy increases the flexibility to efficiently match skill

with tasks. When the relationship between assignment to a firm and to a particular type of task

decreases, the value of contracting will increase.

Allocative efficiency is particularly difficult when high skill labor is in short supply. In this

case, there are fewer agents to work on relatively more high value tasks. As the quantity of high skill

agents increases, excess agents will become employees because demand for contractors is already

satisfied. Furthermore, when more high skill agents are allocated ex-ante, the demand for high skill

contractors goes down. Thus, the fraction of agents who are high skill contractors decreases as the

fraction of agents who are high skill increases, which further decreases the fraction of agents who

are low skill contractors.

Proposition 5. The quantity of high skill contractors is decreasing in high skill labor supply. For

ex-ante identical firms, the quantity of low skill contractors is decreasing in high skill labor supply.

Contracting is thus decreasing in urgency, increasing in uncertainty, and decreasing in high

skill labor supply.

7.2 The Division of Labor

The degree of division of labor in the economy can also be measured. While contractors will always

be efficiently matched, uncertainty increases the probability that an employee is mismatched. The

degree of job overlap (the probability with which high skill agents do low value tasks and low skill
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agents do high value tasks) depends on how much division of labor there is for employees and on

how many agents become employees.

While contractors are specialists working on only efficiently matched tasks, employees are

not. Low skill employees work on urgent, high value tasks, and high skill employees work on urgent

and non-urgent, low value tasks. Contractors of both types continue to be efficiently matched with

high skill agents working only on high value tasks and low skill agents working only on low value

tasks. Thus, if more agents are employees, the division of labor is lower.

As urgency increases the fraction of agents who become employees is increasing, and there-

fore, the division of labor is decreasing.

Proposition 6. As urgency increases, division of labor decreases.

Similarly, as high skill labor supply is increasing, employment is increasing, causing the

division of labor to fall.

Proposition 7. As high skill labor supply increases, division of labor decreases, when firms are

ex-ante identical.

Finally, uncertainty pushes toward the use of contractors, who are assortatively matched.

However, increasing the number of contractors cannot overcome the decrease in division of labor

due to employees being mismatched. Therefore, the following result holds.

Proposition 8. The division of labor is decreasing in uncertainty.

7.3 Wages

In the market equilibrium, each agent and firm will agree to the equilibrium employment policies.

Because each type of agent can work as either an employee or a contractor, the wage of each skill

level must be constant over allocation timing. If the wage of high skill employees is higher than the
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wage of high skill contractors, then there will be excess supply of high skill agents in the employment

labor market and under supply of high skill agents in the contracting labor market. The wage of

high skill contractors will then be driven up and the wage of high skill employees driven down until

they are equal.

In taking a position at a firm, an agent forgoes the option of working at another firm; thus

the agent prepares for the firm and is paid whether he works or not3. Therefore, when firms are

deciding whether to wait and hire a contractor or to hire a low skill employee, they weigh the cost

of not having urgent tasks done with the cost of paying the low skill employee, even if a non-urgent,

high value tasks arrives and that agent sits idle.

The market clearing wages in an economy with ex-ante identical firms are such that firms

must be indifferent between hiring a high skill agent, low skill agent, and no agent ex-ante. The

difference between low skill and high skill wages is due in large part to the differences in skill levels

of the agents. However, there is also an allocative effect from work done by contractors. The

difference in productivity of contractors exceeds their skill differential because high skill agents are

also allocated to high value tasks and low skill agents to low value tasks.

When firms differ in their ex-ante probability of receiving a high value task, the market

clearing wages for this economy will sort each ex-ante allocated agent to his highest productivity

assignment. Whereas ex-ante identical firms are indifferent between the three staffing policies, in

the case of ex-ante heterogeneous firms only the firm type at the boundary between staffing policies

will be indifferent.

Thus, the p value of the firm that determines the wage for high skill agents is larger when

firms are ex-ante different than when they are identical. The p value for the firm that determines

the wage for low skill agents is smaller when firms are ex-ante different.

3Contracts are complete, and all agents and firms are risk neutral, so this assumption is equivalent to agents being
paid a higher wage only when they work.
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8 Conclusion

The use of agents in non-employment roles has risen dramatically over the past fifty years. Given

that agents in these roles have become a significant fraction of the labor force, understanding the

forces driving this change is essential. Contractors provide the flexibility necessary for efficiently

allocating talent to tasks in an economy full of uncertainty. The benefit of reserving agents as

contractors is limited by urgency, because contractors cannot be in place as tasks arrive.

The model in this paper explores the tradeoff between uncertainty and urgency and produces

staffing patterns that closely match the defining characteristics of employees and contractors. Em-

ployees are agents who work for a single firm; their jobs are loosely defined and depend on the firm

that they work for. Contractors are specialists whose jobs are well defined; whether a contractor

will work for a particular firm depends on whether that firm has a task that corresponds with that

contractor’s job. Furthermore, each contractor is able to sustain this specialization and high level

of output relative to employee-agents of the same type because he spreads his skill over many firms.

In many industries, use of outside contractors and temporary workers has increased. Exec-

utives explaining these choices cite the importance of workforce flexibility. On the other hand, the

industry of corporate law has been moving in-house. To explain this seemingly opposite trend, legal

scholars appeal to urgency and responsiveness. Over the past 40 years, the profession of in-house

corporate counsel has risen in prominence. First, the number of lawyers working as in-house coun-

sel has grown (Lynch, 1979; Hackett, 2002; Machlowitz, 1989; Liggio, 2002). Second, while most

corporations that employ in-house counsel also use outside counsel, the proportion of a corpora-

tion’s legal work done in-house has grown (Liggio, 2002; Lynch, 1979)—indeed, for a small number

of firms virtually all legal work is performed by in-house counsel (Lynch, 1979; Machlowitz, 1989;

Liggio, 2002). Finally, perhaps as a result of these two trends, the reputation of in-house counsel

has also risen (Liggio, 2002; Lynch, 1979; Machlowitz, 1989).
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The phenomenon of increased reliance on in-house legal counsel is consistent with the results

of this model. Corporate law departments range from full service shops to minimally staffed offices

that direct work to outside counsel. Firms in between these two poles often retain full responsibility

for some areas of legal practice in-house, while delegating all other legal tasks to outside counsel

(Liggio, 2002). Liggio’s description of the various types of corporate in-house legal practices and

his assertion that when outside counsel is hired, it is chosen specifically for a particular task mirror

the model’s three staffing policy results described in this paper.

The results of the model reflect seemingly opposing hiring trends in the real world. Popular

explanations for this dichotomy match the predictions of the model. In many industries, firms have

increased their reliance on contractors, consultants, and temporary workers in response to economic

uncertainty. On the other hand, the field of corporate in-house counsel has experienced significant

growth due to increased urgency and demand for responsiveness.

Previous theories of employment emphasize authority and relationship specific investments.

These theories offer important insights into those industries where production is dependent on non-

human capital. However, in human capital dominant industries, the model provided here represents

the stylized facts in employment and contracting, providing new insight into the value of these roles

in the economy.
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Equilibrium Proofs

Proof of Proposition 1: Two Period Equilibruim

Proposition 1. Under Condition 1 all mismatched agents with non-urgent tasks are reassigned in

Period 1.

Let η̄ be the fraction of agents who are high skill and reassigned in Period 1, and let η be

the fraction of agents who are low skill and reassigned in Period 1.

Lemma 1. The surplus from work on non-urgent tasks in Period 2 is weakly increasing in the

fraction of reassigned agents.

Proof. If no agents are reassigned in Period 1, p̂ high skill and (1− p̂) low skill agent are allocated

ex-ante to firms for work in Period 2. After tasks arrive in Period 2, p̂(1− µ̂)(1− p̂) high skill agents

will have received non-urgent, high value tasks. Similarly, (1− p̂)(1− µ̂)p̂ low skill agents will have

received non-urgent low value tasks. All other non-urgent tasks are efficiently matched with agents.

For each non-urgent, high value task without a high skill agent, there is a high skill agent with a

non-urgent low value task, and by rematching these two agents, surplus can be increased by

(ᾱ− α)(v̄ − v) > 0

If a high skill agent is reassigned during Period 1, then he is unassigned when Period 2 starts,

as he worked instead of preparing during the second half of Period 1. Assigning these agents to

non-urgent high value tasks generates more surplus than reassigning a high skill agent from a low

value task.

(ᾱ− α)v̄ > (ᾱ− α)v̄ − ᾱv
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Thus, for each reassigned high skill agent, the fraction of tasks that are non-urgent and high value

at firms without high skill agents is increasing at the marginal rate of

(1− µ̂)p̂

but the fraction of agents who are high skill and unassigned increases at the marginal rate of 1,

thus, the marginal change in non-urgent, high value tasks available to rematch with assigned high

skill agents is

(1− µ̂)p̂− 1 < 0

Thus, all non-urgent, high value tasks will be done by high skill agents regardless of the fraction of

agents who are reassigned.

Furthermore, the fraction of agents who are high skill with non-urgent, low value tasks and

who are not reassigned in Period 2 is

p̂− (p̂− η̄)µ̂− (1− µ̂)p̂ = η̄µ̂

For an increase in reassigned high skill agents, there is a corresponding marginal increase of µ̂ in

the fraction of tasks that are non-urgent, low value and done by high skill agents.

Corollary 1. Following from Lemma 1, reassigning an agent of skill level α during Period 1

decreases surplus in Period 2 by a maximum of

αµ̂[p̂v̄ + (1− p̂)v]
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Each reassigned agent corresponds to a firm that is unmatched ex-ante of Period 2. This

firm’s urgent task will not be done, but would have generated αµ̂[p̂v̄ + (1 − p̂)v] if the reassigned

agent had been available.

Proof of Proposition. For each reassigned high skill agent, reassigning a low skill agent to the

non-urgent task at his firm leads to a change in surplus of

αv − αµ̂[p̂v̄ + (1− p̂)v]

which is positive when Condition 1 a) holds. Thus, each low value agent at a firm with a non-urgent,

high value tasks is reallocated to a firm with a non-urgent, low value task.

Thus, for each reassigned high skill agent, a low skill will also be reassigned. This generates

a marginal surplus in Period 1 of

(ᾱ− α)(v̄ − v)

Then the net total surplus change from reassigning this agent is

(ᾱ− α)(v̄ − v)− (ᾱ+ α)µ̂[p̂v̄ + (1− p̂)v]

which is positive when Condition 1 b) holds. Thus, each high skill agent at a firm with a non-urgent,

low value task is reassigned to a non-urgent, high value task.
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Convergence

Lemma 2. Once a high skill agent is reassigned, there will be a non-urgent, high value task for

him to work on during each subsequent period.

Proof. Suppose η̄t high skill agents have been reassigned before period t begins. Further, suppose

that η̄t−1 high skill agents were not allocated ex-ante of t − 1. It must be that η̄t, the number

of agents reassigned before t, is less than the number of non-urgent, high value tasks without an

ex-ante assigned high skill agent in period t− 1

η̄t ≤ [1− (p̂− η̄t−1)](1− µ̂)p̂ (1)

Otherwise, an agent would have no task to do in Period t − 1 and could be allocated ex-ante for

Period t.

The fraction of tasks that are non-urgent, high value and not matched with a high skill

ex-ante assigned agent in Period t is

[1− (p̂− η̄t)](1− µ̂)p̂

So the condition that there are non-urgent high value tasks for all unassigned high skill agents to

do in Period t is

η̄t ≤ [1− (p̂− η̄t)](1− µ̂)p̂

η̄t[1− (1− µ̂)p̂] ≤ (1− p̂)(1− µ̂)p̂ (2)
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From Equation 1 we have

η̄t[1− (1− µ̂)p̂] ≤ [1− (p̂− η̄t−1)](1− µ̂)p̂[1− (1− µ̂)p̂]

≤ (1− p̂)(1− µ̂)p̂[1− (1− µ̂)p̂]

< (1− p̂)(1− µ̂)p̂

Therefore, Inequality 2 must hold when Equation 1 holds, and there must be a sufficient number

of tasks for all reassigned high skill agents to work on.

Observation. Each period for which the number of high skill agents not assigned ex-ante, η̄,

satisfies the following condition, there will be an opportunity for surplus increase from ex-post

reassignment.

η̄[1− (1− µ̂)p̂] < (1− p̂)(1− µ̂)p̂

If this inequality is satisfied, then in this period, there are strictly more non-urgent, high

value tasks not assigned a high skill agent ex-ante than there are unassigned high skill agents.

Proposition 2. If the economy lasts for n periods, then for all v satisfying Condition 1, there is

a δ such that:

During each period, any ex-ante assigned agents that can be reassigned for an immediate

surplus increase will be.

Proof. Following from Proposition 1, it must be that in the second to the last period n − 1, any

agents that can be reassigned will be. Then, in n − 2, any reassignment will have no effect on

surplus from work on non-urgent tasks in the following two periods. However, it will introduce a
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cost of urgent tasks that go undone each of the last two periods. Given the discount rate, δ, the

net change in surplus from reallocating a high skill agent in period n− 2 is

αv − (δ − δ2)αµ̂[p̂v̄ + (1− p̂)v]

≥αv − αµ̂[p̂v̄ + (1− p̂)v] > 0

Therefore, if there is a non-urgent, high value task without a high skill agent, reassigning a high

skill agent from a low value task will increase surplus.

Using backward induction, the net surplus from reassignment of a high skill agent in Period

n− t is

αv −
t∑
1

δtαµ̂[p̂v̄ + (1− p̂)v]

=αv − δ

1− δ
αµ̂[p̂v̄ + (1− p̂)v] (3)

>αv − αµ̂[p̂v̄ + (1− p̂)v] > 0 (4)

The inequality holds between lines (3) and (4) for any δ < 1
2 .

For high skill agents, then the net increase in surplus from reassignment in n− 2 is

(ᾱ− α)(v̄ − v)− (δ − δ2)ᾱµ̂[p̂v̄ + (1− p̂)v]

>(ᾱ− α)(v̄ − v)− ᾱµ̂[p̂v̄ + (1− p̂)v] > 0

Therefore, if there is a non-urgent, high value task without a high skill agent, reassigning a high

skill agent from a low value task will increase surplus.
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Using backward induction, the net surplus from reassignment of a high skill agent in Period

n− t is

(ᾱ− α)(v̄ − v)−
t∑
1

δtᾱµ̂[p̂v̄ + (1− p̂)v]

=(ᾱ− α)(v̄ − v)− δ

1− δ
ᾱµ̂[p̂v̄ + (1− p̂)v] > 0

Thus, in each period for which there is an opportunity to reassign agents in a (same period)

surplus increasing way, those agents will be reassigned.

Comparative Statics Proofs

Proposition. Under Condition 1, as the number of periods approaches infinity, the assignment of

agents converges to the following:

• The number of high skill agents are allocated ex-post is

η̄∗ =
(1− p̂)(1− µ̂)p̂

[1− (1− µ̂)p̂]

• p̂− η̄∗ high skill agents are allocated ex-ante

• The number of low skill agents allocated ex-post is

η∗ =
(1− p̂)2(1− µ̂)2p̂

[1− (1− µ̂)p̂][1− (1− µ̂)(1− p̂)]

• (1− p̂− η∗) low skill agents are allocated ex-ante
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Proof. For each period in which η̄t < (1− η̄t)(1− µ̂)p̂, it must be that

η̄t+1 = (1− η̄t)(1− µ̂)p̂ > η̄t

Thus, η̄t is increasing but bounded above by

η̄∗ =
(1− p̂)(1− µ̂)p̂

[1− (1− µ̂)p̂]

So the number of high skill contractors approaches a steady state in which it is equal to η̄∗. The

number of low skill contractors is the number of non-urgent, low value tasks at firms without an

employee, giving the expression for η∗.

Varying High Skill Labor Supply

Let η be the total number of high skill agents, and suppose that η < p̂.

Observation. When η < p̂, the number of high skill agents allocated ex-post is

η̄∗ =
(1− η)(1− µ̂)p̂

[1− (1− µ̂)p̂]

and the number of low skill agents allocated ex-post is

η∗ =
p̂(1− p̂)(1− µ̂)2(1− η)

[1− (1− µ̂)p̂][1− (1− µ̂)(1− p̂)]
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Ex-Ante Identical Firms

Numbers of Contractors

Proposition 3. The fractions of agents who are high and low skill contractors (are hired ex-post)

is decreasing in urgency.

∂η̄∗

∂µ̂
< 0

and

∂η∗

∂µ̂
< 0

Proof. The fraction of agents who are high skill contractors is

η̄∗ =
(1− η)(1− µ̂)p̂

[1− (1− µ̂)p̂]

∂η̄∗

∂µ̂
=
−[1− (1− µ̂)p̂](1− µ̂)p̂(1− η)− (1− η)(1− µ̂)p̂2

[1− (1− µ̂)p̂]2
< 0

As the number of high skill agents is constant, the number of high skill employees is η− η̄∗, it must

be that the number of high skill employees is increasing in urgency, µ̂.

The fraction of agents who are low skill contractors is

η∗ =
p̂(1− p̂)(1− µ̂)2(1− η)

[1− (1− µ̂)p̂][1− (1− µ̂)(1− p̂)]

∂η∗

∂µ̂
=
−[1− (1− µ̂)(1− p̂)][η̄∗(1− p̂)− (1− p̂)(1− µ̂)∂η̄

∗

∂µ̂ ]− η̄∗(1− µ̂)(1− p̂)2

[1− (1− µ̂)(1− p̂)]2
< 0
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As the number of low skill agents is constant, the number of low skill employees is (1− η− η∗), we

have that the number of high skill employees is increasing in urgency, µ̂.

Proposition 5. The quantity of high and low skill contractors are decreasing in high skill labor

supply.

∂η̄∗

∂η
< 0

and

∂η∗

∂η
< 0

Proof. The fraction of agents who are high skill contractors is

η̄∗ =
(1− η)(1− µ̂)p̂

[1− (1− µ̂)p̂]

∂η∗

∂η
=
−(1− µ̂)p̂

1− (1− µ̂p̂]
< 0

So the quantity of high skill contractors is decreasing as the quantity of high skill agents increases.

The fraction of agents who are low skill contractors is

η∗ =
η̄∗(1− p̂)(1− µ̂)

[1− (1− µ̂)(1− p̂)]

∂η∗

∂η
=
∂η̄∗

∂η

(1− p̂)(1− µ̂)

[1− (1− µ̂)(1− p̂)]
< 0

So the quantity of low skill contractors is also decreasing in high skill labor supply.
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Division of Labor

Define the division of labor as the fraction of tasks that are matched assortatively (high value with

high skill agents and low value with low skill agents). Recalling that ex-post allocated agents are

always matched assortatively, this fraction can be written:

η̄∗ + (η − η̄∗)p̂+ η∗ + (1− η − η∗)(1− p̂)

Proposition 6. The division of labor is decreasing in urgency.

Proof. The division of labor is

η̄∗ + (η − η̄∗)p̂+ η∗ + (1− η − η∗)(1− p̂)

The derivative with respect to urgency is

∂η̄∗

∂µ̂
(1− p̂) +

∂η∗

∂µ̂
p̂ < 0

The inequality holds by Proposition 4 (∂η̄
∗

∂µ̂ < 0 and
∂η∗

∂µ̂ < 0).

Proposition 7. The division of labor is decreasing in the supply of high skill labor.

Proof. The division of labor is

η̄∗ + (η − η̄∗)p̂+ η∗ + (1− η − η∗)(1− p̂)

which can be written

η̄∗(1− p̂) + η∗p̂+ ηp̂+ (1− η)(1− p̂)
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The derivative with respect to η is

∂η̄∗

∂η
(1− p̂) +

∂η∗

∂η
p̂+ (2p̂− 1) < 0

The inequality holds by Proposition 5 (∂η̄
∗

∂η < 0 and
∂η∗

∂η < 0) and p̂ < 1
2 .

Wages: Levels and Inequality

Let w(α) be the wage of agent type α. The profits of firms following each of the employment

policies are as follows:

πᾱ = ᾱ[p̂v̄ + (1− p̂)v]− w(ᾱ)

πα = α[p̂µ̂v̄ + (1− p̂)v]− w(α) + p̂(1− µ̂)[ᾱv̄ − w(ᾱ)]

πwait = (1− µ̂)[p̂(ᾱv̄ − w(ᾱ)) + (1− p̂)(αv − w(α))]

The indifference of firms between hiring a low skill agent and waiting to hire an agent, πwait = πα,

determines the wage of the low skill agent.

w(α) = α v
µ

rv

[p̂+ (1− p̂)rv]
[p̂+ (1− p̂)µ]

The indifference of firms between hiring a high skill agent and waiting to hire an agent, πᾱ = πwait

determines the wage of the high skill agent.

w(ᾱ) = ᾱv̄

[
µp̂+ (1− p̂)[1− (1− µ)rv]

[1− p̂(1− µ)]

]
+

(1− µ)(1− p̂)
[1− p̂(1− µ)]

w(α)
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A firm of type p∗, the highest type firm to hire a low skill agent ex-ante, will be indifferent

between this policy and waiting to hire ex-post. This indifference will determine the wage for the

low skill agent.

w(α) = α v
µ

rv

[p∗ + (1− p∗)rv]
[p∗ + (1− p∗)µ]

A firm of type p∗, the lowest type firm to hire a high skill agent ex-ante, will be indifferent between

hiring a high skill agent and waiting to hire ex-post.

w(ᾱ) = ᾱv̄

[
µp∗ + (1− p∗)[1− (1− µ)rv]

[1− p∗(1− µ)]

]
+

(1− µ)(1− p∗)
[1− p∗(1− µ)]

w(α)

In an economy with ex-ante different firms, high skill agents are allocated to higher productivity

firms. This effect increases inequality in the wages of high and low skill agents.

A firm of type p∗, the highest type firm to hire a low skill agent ex-ante, will be indifferent

between this policy and waiting to hire ex-post. This indifference will determine the wage for the

low skill agent.

w(α) = α v
µ

rv

[p∗ + (1− p∗)rv]
[p∗ + (1− p∗)µ]

A firm of type p∗, the lowest type firm to hire a high skill agent ex-ante, will be indifferent between

hiring a high skill agent and waiting to hire ex-post.

w(ᾱ) = ᾱv̄

[
µp∗ + (1− p∗)[1− (1− µ)α]rv

[1− p∗(1− µ)]

]
+

(1− µ)(1− p∗)
[1− p∗(1− µ)]

w(α)

In an economy with ex-ante different firms, high skill agents are allocated to higher productivity

firms. This effect increases inequality in the wages of high and low skill agents.
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Two Types of Firms

In this subsection, the assumption that all firms are ex-ante identical is relaxed. Let there be two

types of firms, one type has an ex-ante p > 1
2 probability of receiving a high value task, and the

other has an ex-ante (1− p) probability of receiving a high value task. Of all firms, γ are the high

type, with p > 1
2 probability of a high value task. The fraction of tasks that are high value is

p̂ = pγ + (1− p)(1− γ).

In addition to the variables discussed in the previous subsection, this section will examine

the types of firms are not matched with agents ex-ante as well as how uncertainty impacts the

number of contractors, the division of labor, and wages.

Holding the number of high value tasks, p̂, constant, uncertainty is increasing as p decreases.

When p is close to 1, firm type is a good indicator for task type, making it easier to assign high

skill agents to high value tasks. However, as p decreases, there is less certainty over the location of

high value tasks ex-ante.

Note that as p changes, γ also changes. Rewriting p̂ = pγ + (1− p)(1− γ) gives:

γ =
p̂− (1− p)

2p− 1

Then, γ is decreasing as p decreases (uncertainty increases), and γ ∈ [0, p̂).

Ex-ante assigned agents will be assertively matched with firms. High skill agents assigned

ex-ante will first be assigned to high probability (p) firms. If there are more such agents than such

firms, some ex-ante assigned, high skill agents will be allocated to low probability (1 − p) firms.

Similarly, low skill agents assigned ex-ante will first be assigned to low probability firms. Low skill

agents assigned ex-ante will only be allocated to high probability firms if there is an excess of these

agents.
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There are three cases for the ex-ante assignment of agents:

Case 1: γ > η + η∗ > η − η̄∗

There are fewer high skill agents assigned ex-ante than there are high probability firms, and

there are more low skill agents assigned ex-ante than there are low probability firms. High skill,

ex-ante assigned agents work for high probability firms. Low skill, ex-ante agents work for low and

high probability firms. All ex-post assigned agents work for high probability firms.

η̄∗ =
p̂(1− µ̂)− ηp(1− µ̂)

1− p(1− µ̂)

η∗ =
η̄∗(1− p)(1− µ̂)

1− (1− p)(1− µ̂)

Case 2: η + η∗ > γ > η − η̄∗

There are fewer high skill agents than there are high probability firms, and there are fewer

low skill agents than there are low probability firms. High skill, ex-ante assigned agents work for

high probability firms. Low skill, ex-ante agents work for low probability firms. Ex-post assigned

agents work for high and low probability firms.

η̄∗ =
p̂(1− µ̂)− ηp(1− µ̂)

1− p(1− µ̂)

η∗ =
(1− µ̂)[(1− p̂)− (η − η̄∗)(1− p)− (1− η)p]

1− (1− µ̂)p

Case 3: η + η∗ > η − η̄∗ > γ

There are more high skill agents than high probability firms. High skill, ex-ante assigned

agents work for high probability and low probability firms. All ex-post assigned and low skill,

ex-ante assigned agents work for low probability firms.
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η̄∗ =
(1− η)(1− µ̂)(1− p)

1− (1− µ̂)(1− p)

η∗ =
η̄∗(1− µ̂)p

1− p(1− µ̂)

Number of Contractors

Proposition 3. The quantities of contractors are decreasing in urgency.

Proof. First consider η̄∗. In Cases 1 and 2,

η̄∗ =
p̂(1− µ̂)− ηp(1− µ̂)

1− p(1− µ̂)

and

∂η̄∗

∂µ̂
=
−[1− p(1− µ̂)](p̂− ηp)− p[p̂(1− µ̂)− ηp(1− µ̂)]

[1− p(1− µ̂)]2
< 0

In Case 3

η̄∗ =
(1− η)(1− µ̂)(1− p)

1− (1− µ̂)(1− p)

and

∂η̄∗

∂µ̂
=
−[1− (1− µ̂)(1− p)][(1− η)(1− p)]− [(1− η)(1− µ̂)(1− p)](1− p)

[1− (1− µ̂)(1− p)]2
< 0

Next consider η∗. In Case 1,

η∗ =
η̄∗(1− p)(1− µ̂)

1− (1− p)(1− µ̂)
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and

∂η∗

∂µ̂

=
∂η̄∗

∂µ̂

(1− p)(1− µ̂)

1− (1− p)(1− µ̂)
− [1− (1− p)(1− µ̂)]η̄∗(1− p)− [η̄∗(1− p)(1− µ̂)](1− p)

[1− (1− p)(1− µ̂)]2

<0

In Case 2,

η∗ =
(1− µ̂)[(1− p̂)− (η − η̄∗)(1− p)− (1− η)p]

1− (1− µ̂)p

and

∂η∗

∂µ̂
=

∂η̄∗

∂µ̂

(1− p)(1− µ̂)[1− (1− µ̂)p]

[1− (1− µ̂p]2
− (1− p̂) + (η − η̄∗)(2p− 1) + η̄∗p

[1− (1− µ̂)p]

− (1− µ̂)[(1− p̂) + (η − η̄∗)(2p− 1) + η̄∗p]

[1− (1− µ̂p]2

< 0

Finally, in Case 3,

η∗ =
η̄∗(1− µ̂)p

1− p(1− µ̂)

and

∂η∗

∂µ̂
=
∂η̄∗

∂µ̂

p(1− µ̂)

1− p(1− µ̂)
− [1− p(1− µ̂)]η̄∗p− [η̄∗p(1− µ̂)]p

[1− p(1− µ̂)]2
< 0

Proposition 4. The fractions of high and low skill agents who become contractors (are hired ex-

post) is increasing in uncertainty.
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Proof. First consider η̄∗. In Cases 1 and 2,

η̄∗ =
p̂(1− µ̂)− ηp(1− µ̂)

1− p(1− µ̂)

and

∂η̄∗

∂p
=
−[1− p(1− µ̂)]η(1− µ̂) + [p̂(1− µ̂)− ηp(1− µ̂)](1− µ̂)

[1− p(1− µ̂)]2

=
−η(1− µ̂) + p̂(1− µ̂)2

[1− p(1− µ̂)]2

≤ 0

The inequality holds because η ∈ ((1− µ̂)p̂, p̂).

In Case 3,

η̄∗ =
(1− η)(1− µ̂)(1− p)

1− (1− µ̂)(1− p)

and

∂η̄∗

∂p
=
−[1− (1− µ̂)(1− p)](1− η)(1− µ̂)− [(1− η)(1− µ̂)(1− p)](1− µ̂)

[1− (1− µ̂)(1− p)]2
< 0

Next, consider η∗. In Case 1,

η∗ =
η̄∗(1− p)(1− µ̂)

1− (1− p)(1− µ̂)
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and

∂η∗

∂p

=− η̄∗ [[1− (1− p)(1− µ̂)](1− µ̂) + [(1− p)(1− µ̂)](1− µ̂)]

[1− (1− p)(1− µ̂)]2
+
∂η̄∗

∂p

(1− p)(1− µ̂)

1− (1− p)(1− µ̂)

<0

In Case 2,

η∗ =
(1− µ̂)[(1− p̂)− (η − η̄∗)(1− p)− (1− η)p]

1− (1− µ̂)p

and

∂η∗

∂p
=

[1− (1− µ̂)p](1− µ̂)[2η − 1− η̄∗ + ∂η̄∗

∂p (1− p)]
[1− (1− µ̂)p]2

+
(1− µ̂)2[(1− p̂)− (η − η̄∗)(1− p)− (1− η)p]

[1− (1− µ̂)p]2

=
[1− (1− µ̂)p](1− µ̂)(2η − 1)− 2(1− µ̂)2(1− p)η̄∗ − (1− µ̂)2p(1− η̄∗)

[1− (1− µ̂)p]2

+
(1− µ̂)2[(η − η̄∗)− [p̂− (1− p)]]

[1− (1− µ̂)p]2

<0

In Case 3,

η∗ =
η̄∗(1− µ̂)p

1− p(1− µ̂)
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and

∂η∗

∂p
=
η̄∗
[
[1− p(1− µ̂)](1− µ̂) + (1− µ̂)2p

]
[1− p(1− µ̂)]2

+
∂η̄∗

∂p

η̄∗(1− µ̂)p

1− p(1− µ̂)

= η̄∗
[

(1− µ̂)

[1− p(1− µ̂)]2
− (1− µ̂)p

(1− p)[1− p(1− µ̂)][1− (1− µ̂)(1− p)]

]
= η̄∗

[
(1− µ̂)(1− p)[1− (1− µ̂)(1− p)]− (1− µ̂)p[1− p(1− µ̂)]

[1− p(1− µ̂)]2(1− p)[1− (1− µ̂)(1− p)]

]
= η̄∗

[
(1− µ̂)µ̂(1− 2p)

[1− p(1− µ̂)]2(1− p)[1− (1− µ̂)(1− p)]

]
≤ 0

The inequality holds because p > 1
2 .

Proposition 5. The quantity of high skill contractors is decreasing in high skill labor supply.

Proof. First consider η̄∗ In Cases 1 and 2

η̄∗ =
p̂(1− µ̂)− ηp(1− µ̂)

1− p(1− µ̂)

and

∂η̄∗

∂η
= − p(1− µ̂)

1− p(1− µ̂)
< 0

In Case 3

η̄∗ =
(1− η)(1− µ̂)(1− p)

1− (1− µ̂)(1− p)

and

∂η̄∗

∂η
= − (1− µ̂)(1− p)

1− (1− µ̂)(1− p)
< 0
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Division of Labor

Recall that for ex-ante identical firms, the division of labor is

(η − η̄∗)p̂+ η̄∗ + (1− η − η∗)(1− p̂) + η∗

The function for the division of labor under the assumption that there are two types of firms

depends on the value of γ, the fraction of firms with a high probability of a high value task.

min{(η − η̄∗), γ}p+ max{0, (η − η̄∗)− γ}(1− p) + η̄∗

+ min{(1− η − η∗), (1− γ)}p+ max{0, (1− η − η∗)− (1− γ)}(1− p) + η∗

Case 1: γ > η + η∗ > η − η̄∗

(η − η̄∗)p+ η̄∗ + (1− γ)p+ [(1− η − η∗)− (1− γ)](1− p) + η∗

(η − γ)(2p− 1) + η̄∗(1− p) + (1 + η∗)p

Case 2: η + η∗ > γ > η − η̄∗

(η − η̄∗)p+ η̄∗ + (1− η − η∗)p+ η∗

(1− η̄∗ − η∗)p+ η∗ + η̄∗
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Case 3: η + η∗ > η − η̄∗ > γ

γp+ (η − η̄∗ − γ)(1− p) + η̄∗ + [(1− η − η∗)]p+ η∗

γ(2p− 1) + (η − η̄∗)(1− p) + η̄∗ + (1− η − η∗)p+ η∗

Proposition 6. The division of labor is decreasing in urgency.

Proof. Case 1: γ > η + η∗ > η − η̄∗

(1− η̄∗ − η∗)p+ η∗ + η̄∗

The derivative is (
∂η̄∗

∂µ̂
+
∂η∗

∂µ̂

)
(1− p) < 0

Case 2: η + η∗ > γ > η − η̄∗

(η − γ)(2p− 1) + η̄∗(1− p) + (1 + η∗)p

The derivative is

∂η̄∗

∂µ̂
(1− p) +

∂η∗

∂µ̂
p < 0

Case 3: η + η∗ > η − η̄∗ > γ

γ(2p− 1) + (η − η̄∗)(1− p) + η̄∗ + (1− η − η∗)p+ η∗

The derivative is

∂η̄∗

∂µ̂
p+

∂η∗

∂µ̂
(1− p) < 0
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Lemma 3. If

η̄∗ =
p̂(1− µ̂)− ηp(1− µ̂)

1− p(1− µ̂)

(as in Cases 1 and 2) then

(η − η̄∗) +
∂η̄∗

∂p
(1− p) > 0

Proof.

(η − η̄∗) +
∂η̄∗

∂p
(1− p)

=η − p̂(1− µ̂)− ηp(1− µ̂)

[1− p(1− µ̂)]
− (1− p) [1− p(1− µ̂)]η(1− µ̂)− (1− µ̂)[p̂(1− µ̂)− ηp(1− µ̂)]

[1− p(1− µ̂)]2

=
η − ηp(1− µ̂)− p̂(1− µ̂) + pp̂(1− µ̂)2 − (1− p)η(1− µ̂) + p̂(1− p)(1− µ̂)2

[1− p(1− µ̂)]2

=
µ̂[η − p̂(1− µ̂)]

[1− p(1− µ̂)]2

>0

Proposition 8. The division of labor is decreasing in uncertainty.

Proof. Recall that as p increases, uncertainty decreases. Thus, we need to show that the derivatives

are positive for the proof. Case 1: γ > η + η∗ > η − η̄∗

(1− η̄∗ − η∗)p+ η∗ + η̄∗

The derivative is [
(η − η̄∗) +

∂η̄∗

∂p
(1− p)

]
+

[
η + η∗ +

∂η∗

∂p
p

]
> 0
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Both terms are positive: the first by Lemma 3, the second as follows:

η + η∗ +
∂η∗

∂p
p

=
ηµ̂+ p̂(1− p)(1− µ̂)2

[1− p(1− µ̂)][1− (1− p)(1− µ̂)]
− (1− p)(1− µ̂)[p̂(1− m̂u)− ηp(1− µ̂)]

[1− (1− p)(1− µ̂)]2

− (1− p)2(1− µ̂)2[η − p̂(1− µ̂)]

[1− p(1− µ̂)]2[1− (1− p)(1− µ̂)]

=
ηµ̂[1− (1− µ̂)[p+ (1− p)2]] + ηµ̂2(1− p)

[1− p(1− µ̂)]2[1− (1− p)(1− µ̂)]
− (1− p)2(1− µ̂)2[η(1− µ̂)− p̂(1− µ̂)]

[1− p(1− µ̂)]2[1− (1− p)(1− µ̂)]

+
(1− p)(1− µ̂)[ηp(1− µ̂)]

[1− (1− p)(1− µ̂)]2
+

p̂(1− p)(1− µ̂)3(2p− 1)

[1− p(1− µ̂)][1− (1− p)(1− µ̂)]2

>0

Case 2: η + η∗ > γ > η − η̄∗

(η − γ)(2p− 1) + η̄∗(1− p) + (1 + η∗)p

The derivative is

[
(η − η̄∗) +

∂η̄∗

∂p
(1− p)

]
+

[
(1− η − η∗) +

∂η∗

∂p
(1− p)

]
> 0
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Both terms are positive: the first by Lemma 3, the second as follows:

(1− η − η∗) +
∂η∗

∂p
(1− p)

=(1− η)− (1− µ̂)(1− p)− (1− η)p(1− µ̂)

[1− p(1− µ̂)]

+(1− p)∂η̄
∗

∂p

[
(1− µ̂)(1− p)− (1− η)p(1− µ̂)

[1− p(1− µ̂)]

]
+

[
(η − η̄∗) +

∂η̄∗

∂p
(1− p)

]
(1− p)(1− µ̂)

[1− p(1− µ̂)]

+(η − η̄∗) 1− (1− µ̂)2

[1− p(1− µ̂)]2

> 0

Case 3: η + η∗ > η − η̄∗ > γ

γ(2p− 1) + (η − η̄∗)(1− p) + η̄∗ + (1− η − η∗)p+ η∗

The derivative is

[
1− (η − η̄∗) +

∂η̄∗

∂p
p

]
+

[
(1− η − η∗) +

∂η∗

∂p
(1− p)

]
> 0

The first term is positive:

1− (η − η̄∗) +
∂η̄∗

∂p
p

=
(1− η)

[1− (1− p)(1− µ̂)]
− p(1− η)(1− µ̂)

[1− (1− p)(1− µ̂)]2

=
(1− η)µ̂

[1− (1− p)(1− µ̂)]2
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The second term is also positive:

(1− η − η∗) +
∂η∗

∂p
(1− p)

=
µ̂(1− η)

[1− p(1− µ̂)][1− (1− p)(1− µ̂)]
+

(1− η)(1− µ̂)2(1− p)2

[1− p(1− µ̂)]2[1− (1− p)(1− µ̂)]

− (1− η)(1− µ̂)2p(1− p)
[1− p(1− µ̂)][1− (1− p)(1− µ̂)]2

=
(1− η)µ̂ [[1− (1− µ̂)[(1− p) + p(1− p)(1− µ̂)]]

[1− p(1− µ̂)][1− (1− p)(1− µ̂)]2

+
(1− η)(1− µ̂)2(1− p)

[
[1− (1− µ̂)[p+ (1− p)2]] + (1− µ̂)2p2

]
[1− p(1− µ̂)]2[1− (1− p)(1− µ̂)]2

>0
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