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Abstract

This paper studies how internal organization decisions within the firm interact with

products and labor markets outside the firm. Using data documenting the minute-

by-minute assignment of millions of tasks to workers across competing salons, I show

firms account for a large share of task variation, and the complexity of a firm’s internal

organization increases with revenue, employment, and prices. Based on these facts, I

develop a model featuring multi-worker firms with different organization costs and

workers with multidimensional skills. Firms choose their internal structure, includ-

ing who to hire and the task-content of each worker’s job, in order to compete in a

differentiated product market. I prove an equivalence result, which enables theoret-

ical analysis, identification and estimation. I estimate the model for Manhattan, and

study the distributional consequences of a minimum wage hike and sales tax cut.

Raising the minimum wage from $15 to $20 reallocates labor across firms, reducing

employment at some salons and raising employment at others depending on internal

structure. Salons also reorganize by shifting tasks from laid-off workers to retained

workers, amplifying unemployment. These forces combine in equilibrium to raise

wages for some workers and reduce wages for others, and change the division of

tasks across the market.
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“Of all the things I’ve done, the most vital is coordinating those who work with me
and aiming their efforts at a certain goal.” - Walt Disney

1 Introduction

The way workers are assigned to tasks is an important determinant of many eco-
nomic outcomes. Since at least Adam Smith’s pin factory, economists have recognized
that much of the division of labor occurs within firms. Most existing work on tasks treats
this internal organization as homogeneous across firms or exogenous to product market
conditions. While useful in some applications, these assumptions are inconsistent with
a modern image of firms as strategic, organizationally unique entities.12 The purpose
of this paper is to combine insights from the task-based perspective, industrial organi-
zation and organizational economics to study how heterogeneous internal organization
decisions within the firm interact with products and labor markets outside the firm.

When firm internal organization is heterogeneous and strategic, policies like mini-
mum wages and sales taxes may have unforeseen effects not captured by traditional the-
ory. Despite this importance, studying the interaction between internal organization and
markets poses two challenges. Empirically, we need detailed data on the internal orga-
nization of many competing firms. Theoretically, we need a model where (1) firms differ
in their organization costs (2) firms compete in a product and labor market (3) firms are
allowed to choose their organization structure in response to their organization costs and
market conditions.

This paper overcomes these challenges. I leverage novel management software data
to design and estimate a structural model of firm internal organization. The management
data document the minute-by-minute assignment of millions of tasks to workers across
competing salons. I show 29 to 51% of variation in job task content occurs across firms,
and the complexity of a firm’s internal organization is positively correlated with revenue,
employees, prices and repeat customers. Based on these facts, I develop a model where
multi-worker firms with different organization costs choose their internal structure, in-
cluding who to hire and the task-content of each worker’s job. I prove an equivalence
result, which allows me to study the model analytically, establish equilibrium existence
and uniqueness for almost any parameter values, identify each firm’s internal organiza-
tion cost, and develop a computationally light estimation routine. The model illustrates
that firms face a quality-wage-complexity trilemma when choosing their organizational

1. Gibbons 2020, Holmstrom and Milgrom 1994, Aghion, Bloom, and Van Reenen 2014
2. Tacit collusion among gas stations to bargaining leverage among coffee suppliers.
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structure.
I estimate the model for Manhattan. Organization costs account for 40% of the vari-

ation in marginal costs. Job task content in the same occupation and the same product
market varies based on the skill set of the worker and the firm at which they work. Work-
ers at firms in the bottom quartile of organization costs (efficient firms) on average spend
90% of their time on their specialty task while workers in the top quartile (inefficient
firms) spend 67%.

A minimum wage increase from $15 to $20 reduces consumer welfare by 2.76%, salon
profit by 2.81%, and employment by 1.72%. Although the minimum is binding for only
1 of the 5 worker types, it results in higher wages for 4 of the 5 worker types. The wage
increases for employed workers are greater than wages lost by unemployed workers, and
offset some of the losses to consumers and firms, resulting in a total welfare loss of 0.95%.

I use the model to understand the mechanisms and distributional consequences of a
minimum wage increase. I find that it changes the competitive position of firms, and in
so doing reallocates labor. Salons whose internal organization relies heavily on workers
for which the minimum wage is binding reduce employment while some salons which
do not rely on these workers increase employment. Second, the minimum wage induces
firms to internally reorganize, shifting tasks from laid-off workers to retained workers.
This internal reorganization increases equilibrium unemployment, but it also changes the
equilibrium division of labor. Surviving workers for which the minimum wage is binding
experience an increase in task-specialization. Workers for which the minimum wage is
not binding experience a decrease in task-specialization, as they are asked to “pick up the
slack” by completing the tasks previously performed by the workers laid-off due to the
minimum wage.

Eliminating the 4.5% New York City sales tax on services reduces consumer welfare
by 0.75% while increasing firm profit by 3.7%. Workers capture the majority of gains,
with wages rising by 19.3%. This occurs because labor is reallocated from less to more
organizationally efficient firms and because most firms increase service quality. They do
this by increasing the complexity of their internal structure by 5.5%, which allows them
to increase the task-specialization of their workforce. In equilibrium, all worker types are
more productive, and these gains pass from consumers to firms via price increases and
firms to workers through wage increases.

2 Related Literature

This paper draws from and contributes to three strands of literature.
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Organizational theories of the firm. This literature is inspired by two questions: why
do firms exist when we have markets (Coase 1937), and why do firms may differ in their
“organizational capabilities” (Argyres et al. 2012). A few of the answers proposed include
monitoring (Alchian and Demsetz 1972), relational contracts (Baker, Gibbons, and Mur-
phy 2002), knowledge (Garicano and Wu 2012), coordination (Dessein et al. 2003) and
culture (Martinez et al. 2015). The contribution of this paper is to aggregate these forces
into firm specific organization costs so that they can be estimated and incorporated into
a structural model. This contribution is also a limitation. By aggregating the forces, I
am only able to say that firm A behaves as if they face greater organizational frictions. I
cannot say what those frictions are.

Task-based perspectives of the labor market. Starting with Autor, Levy, and Mur-
nane (2003), a growing literature has recast the labor market in terms of the tasks required
for production. My model continues in this tradition, incorporating workers with differ-
ent skill sets that impact how well they can perform different tasks. I contribute to this
literature by studying the role of firms in the process.

Specifically, I study the strategic incentives firms face when the internal matching
workers to tasks impacts marginal cost and product quality. The majority of work ei-
ther assumes product markets are competitive or places restrictions on internal organiza-
tion, often to study national labor markets or to study labor market power (Haanwinckel
2020a, Adenbaum 2021, (Ocampo 2018, Yamaguchi (2015),Lazear 2009). I also quantify
and study the effect of organizational heterogeneity across firms. I allow firms to differ in
their organization costs, meaning that the task-content of a worker’s job will differ based
on where they work and firms will adjust differently to policy changes.

Finally, I contribute methodologically to this literature by demonstrating how to use
high-frequency management software data to study the intersection of labor and product
markets. The majority of existing work uses O*NET or survey data. This data is more
representative, but it is not well suited for studying task differences across firms in the
same industry employing workers in the same occupation.

Management practices and technology. Work in this area links productivity to spe-
cific aspects of organizations, like the use of information or communication technology
(Garicano and Heaton 2010, Garicano and Wu 2012), the level of trust (Bloom and Van
Reenen 2007), individual incentive pay and human resource practices (Bloom and Van
Reenen 2011), and management training (Giorcelli 2019). I contribute to this literature by
providing a way to quantify management differences across firms via the firm-specific
organizational cost parameter estimates. I also show, consistent with this literature, that
even among similar firms competing in the same product market organizational differ-
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ences are large. I am also able to analyze the impact of organizational convergence within
an industry on consumers, workers and firms.

3 Stylized Facts

This section presents three facts about internal organization using data from a salon man-
agement software company. Details about the data are provided in Section 6. These facts
inform the modeling choices made later.

Before presenting the facts, I define an organization structure, organizational complex-
ity, the task content of a worker’s job. These three concepts that will be used throughout
the paper. I denote workers by the index i, firms by the index j, and tasks by the index k.

Definition 1 A firm’s organization structure, denoted Bj , is a matrix where element Bj(i, k) is
the fraction of labor assigned to worker i and task k.

An example of two different organizational structures is given in Figure 1. The column
totals represent the firm’s task-mix: the amount of each task needed to produce one unit
of output. This paper treats this margin as fixed, determined either by technology con-
straints or demand. The row margins represent the composition of a firm’s workforce:
how much work is assigned to each worker. The figure represents two different choices
of organization structure, which both obey the column totals (the task-mix) but that assign
work in very different ways.

Figure 1: Two Organization Structures

“Employee” Salon

Tasks

1 2 3

Em
pl

oy
ee A 1/2 0 0 1/2

B 0 1/4 0 1/4

C 0 0 1/4 1/4

Tot. 1/2 1/4 1/4 1

“Chair Renter” Salon

Tasks

1 2 3

A 1/6 1/8 1/8 1/3

B 1/6 1/8 1/8 1/3

C 1/6 1/8 1/8 1/3

Tot. 1/2 1/4 1/4 1
Note: Two organizational structures a firm with a task-mix of 1/2, 1/4, 1/4 could choose. Column sums represent the task-mix and
row sums represent the fraction of work performed by each employee. The left example is called an employee salon because each
person performs a distinct task, and all workers are required to produce one unit. The right panel is called a chair renter salon
because each employee is exchangeable and is not relying on the skills of others. It is as if there are three miniature salons.

Definition 2 The complexity of an organization structure Bj is:

I(Bj) =
∑
i,k

Bj(i, k)log

(
Bj(i, k)∑

k′ Bj(i, k′)
∑

i′ Bj(i′, k)

)
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I refer to this quantity as complexity because it represents the minimum amount of in-
formation the firm must communicate to workers in order to implement the structure.
This idea builds off decades of work in information theory, starting with Shannon (1948).
To make this concrete, consider the two structures in Figure 1. The chair renter structure
requires 0 information: the firm can have employees randomly decide who does which
task. Therefore the complexity of this organization structure is 0.

For the employee arrangement, the firm must distinguish between a minimum of two
cases. If the task is a cut, assign to A. The firm can communicate this to employees by
sending a single bit of information. If not a cut, assign to B or C randomly. The firm
can distinguish this by sending two bits. On average this is 1 × 1/2 + 2 × 1/2 = 1.5 bits,
which is why the complexity of the employee arrangement is 1.5.3 For the task distribu-
tion 1/2, 1/4, 1/4 it can be shown that the chair renter arrangement achieves the lowest
possible complexity, while the employee arrangement achieves the highest possible com-
plexity.

Definition 3 The task-content of worker i’s job at firm j is a vector where element bj(i, k) is the
fraction of worker i’s time spent on task k.

A worker’s job is related to the organizational structure of the firm at which they work.
It is the ith row of the organizational structure normalized by the total amount of work
performed by worker i:

bj(i, k) =
Bj(i, k)∑
k Bj(i, k)

3.1 29 to 53% of variation in job task content occurs across firms

To establish this fact, I decompose the variance into a within-firm and between firm com-
ponent.4 Similarly, I decompose variance into a between quarter-year and within-quarter
component. The results are presented in Table 1. Between 28 to 53% of variation in task
content occurs across firms. The decomposition reveals that difference across firms as
well as difference within firms likely play a role in determining the task content of a given
worker’s job. In comparison, variation across time seems to play a minor role, explaining
less than 2% of the variance in task content across all tasks.

3. Notice the firm could also communicate this in a more complicated, less efficient way, by sending a
separate signal for each type of task.

4. Formally: V ar(bj(i, k)) = V arj(b̄j(i, k)) +
∑

j ωjV ari(bj(i, k)|j)
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3.2 Complex firms have higher revenue and employment

Complexity is positively correlated with revenue and employment as well as several other
measures of firm size. I depict this correlation visually in Figure 2 and via regression in
Table 2. In both the graphs and regressions, I control for the task-mix, county and year-
quarter. The relationship is strongest for revenue and employment, and is statistically
significant at the 5 percent level.

Figure 2: Organization Complexity and Firm Size

(a) Revenue ($) (b) Employees

(c) Unique Customers (d) Customer Visits
Note: Each panel illustrates the positive relationship between organization complexity and a different measure of firm size.
Regressions indicate that only the revenue and employee relationships are statistically significant. The relationships support the idea
that some firms have an organizational advantage. All variables residualized for quarter, county and task-mix. Firm-quarters are
grouped into equally spaced bins by complexity.

3.3 Complex firms have higher prices and more repeat customers

I show in Section 10.5 that this pattern makes the data inconsistent with a model where
organizational competitive advantages operate only through marginal cost reductions.
In such a model, prices should be decreasing in complexity. I interpret this as evidence
of endogenous quality: salons with organizational advantage do not just produce more,
they produce higher quality services which they sell at a higher price. To further test the
quality channel, I proxy for quality with the share of visits made by repeat customers in
Figure 3.

6



Figure 3: Organization Complexity and Repeat Customers

(a) Price (b) Repeat Customers
Note: Panel A illustrates the positive relationship between organization complexity and price, while panel B illustrates the
relationship between organization complexity and the fraction customers that return. These are inconsistent with a model of
quantity-based productivity and supportive of a model of quality-based productivity. All variables residualized for quarter, county
and task-mix. Firm-quarters are grouped into equally spaced bins by complexity.

Although repeat customers are not defined within the model, it is reasonable to as-
sume that a customer who returns was satisfied with the quality of the original service.
The fraction of visits by return customers rises with complexity, evidence of a link be-
tween quality and organization. In summary, the data suggest that variation in task con-
tent comes both across firms and within firms, suggesting both worker skills and firm
organizational differences play important roles. Firms with complex internal structures
earn higher revenue, suggesting an organizational competitive advantage in the product
market. Finally, prices and return visitors rise with complexity, suggesting increased qual-
ity is an important mechanism through which the organizational competitive advantage
operates.

4 A Model of Internal Organization with Competing Firms

This section specifies a model where firms choose prices and organizational structures si-
multaneously in order to compete for consumers. In order to match the facts established
earlier, the model features endogenous vertical quality and heterogeneous organization
costs. There are three important groups of objects in the economy. Firms, indexed by
j = 1, ..., J . Worker types, indexed by i = 1, ..., N . Tasks, indexed by k = 1, ..., K.

Firms and Tasks. The J firms differ in their organizational cost γj discussed below. Each
firm produces a single product by assigning labor to K tasks according to the task-mix
vector, α. Specifically, αk denotes the amount of labor the firm must devote to task k to
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produce one unit of the final good.5 I normalize
∑

k αk = 1.

Workers and Labor Markets. Each of the N workers types are characterized by inelastic
total labor supply Li and skill set vector θi. Element θi(k) is the quality with which worker
i performs task k. The labor market is competitive with type-specific wages wi, which I
collect into a wage vector w.

Firm Strategies. Let ∆N×K be a N × K-dimensional unit simplex. Firms choose the
price of their product pj ∈ R+ and their organizational structure Bj ∈ ∆N×K . An orga-
nizational structure Bj is a matrix, where element Bj(i, k) specifies the fraction of total
labor allocated to worker i and task k. An organizational structure Bj is feasible if they it
is consistent with the task-mix vector, that is if:∑

i

Bj(i, k) = αk∀k

Sometimes it will be helpful to refer to the workforce composition, that is the fraction
of total labor demanded that is from each worker type. I denote this Ej , where element
Ej(i) denotes the fraction of total labor performed by a worker of type i. Note that Ej is
implied by Bj because

∑
k Bj(i, k) = Ej(i).

The cost of an organizational structure is determined by its complexity. Specifically, the
per-unit organization cost of firm j with organizational structure Bj is complexity multi-
plied by the firm-specific organization cost parameter γj . I use an entropy-based measure
of complexity of an organizational structure:67

I(Bj) =
∑
i,k

Bj(i, k)log

(
Bj(i, k)∑

k′ Bj(i, k′)
∑

i′ Bj(i′, k)

)

A firm’s organizational structure determines the match between worker skills and tasks.
As a result, it determines product quality (ξj). I specify that product quality is a weighted-

5. This is similar to assuming all firms share a common Leontief task-based production function. Specif-
ically, if a is a vector denoting the amount of labor devoted to each task, a firm with task-mix vector α has

a task-based production function given by: Fα(a) = min

{
a1

α1
, ... ak

αk
, ..., aK

αK

}
6. The measure is the mutual information of the joint distribution over workers and tasks. Mutual infor-

mation is a well-understood way to measure information costs. It has many desirable properties, and gives
the model many micro-foundations.

7. When computing this measure, I assume that whenever Bj,i,k = 0, that element of the sum is 0.
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average of task quality:
ξj =

∑
i,k

Bj(i, k)θi(k)

Since quality is valued by consumers, this is the main benefit of carefully assigning work-
ers to tasks.

Consumers and the the Firm’s Problem. There are a mass 1 of consumers interested
in purchasing at most one of the J final products. Consumer z’s utility for good j is
represented by the following utility function:

uz,j = ξj − ρpj + ϵz,j

where ϵz,j is distributed i.i.d. Type-1 extreme value across consumers and products. The
outside option for consumers is assigned index j = 0 and its utility is normalized to
uz,0 = ϵz,0. I assume throughout that utility is strictly decreasing in price, ρ > 0. Market
shares (sj) can be written as:

sj =
exp(

quality︷ ︸︸ ︷
ξ(Bj)−ρpj)∑

j′ exp(ξ(Bj′)− ρpj′)

Per-unit organization costs and competitive labor markets imply marginal costs are con-
stant. This along with the expression for market share imply the firm’s problem can be
written as:

max
pj∈R+,Bj∈∆N×K

exp(

quality︷ ︸︸ ︷
ξ(Bj)−ρpj)∑

j′ exp(ξ(Bj′)− ρpj′)︸ ︷︷ ︸
market share, sj

[
pj −

( org.︷ ︸︸ ︷
γjI(Bj)+

avg. wage︷ ︸︸ ︷∑
i,k

wiBj(i, k)

)
︸ ︷︷ ︸

constant marginal cost, MCj

]
(1)

s.t. ∑
i

Bj(i, k) = αk∀k

Equilibrium. An equilibrium consists of firm strategies {pj, Ej, Bj}Jj=1 and wages w such
that:

1. Firms choose prices pj and organizational structures Bj to maximize (1).
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2. Labor markets for each worker type clear:

∑
j

exp(ξ(Bj)− ρpj)∑
j′ exp(ξ(Bj′)− ρpj′)

Ej(i) = Li ∀ i = 1, ..., N

Model Summary. The model for two firms is illustrated graphically in Figure 4. Firms
choose Bj , which determines both who they hire and how hired workers are assigned to
tasks. This choice impacts the product market directly by determining product quality
and indirectly through prices. This choice impacts the labor market because it determines
labor demand across worker types.

Figure 4: Illustration of the Model

Note: The diagram summarizes the different parts of the model. Each firm chooses Bj (who to hire and the assignment of workers to
tasks) and prices taking into account internal factors like the task-mix (α) and organization costs (γj ), labor market factors, like
wages and skills, and product market factors, like price sensitivities (ρ) and the prices and qualities of other products. In turn, firm
chooses feedback into both the product and labor market in equilibrium, because labor markets must clear and prices must form a
Bertrand Nash equilibrium.

4.1 The Choice of Organizational Structure

An example from the hair salon industry makes the model concrete. There are two main
ways to organize a salon. In the chair renter arrangement, stylists pay a fixed fee to
the salon owner and keep all revenue. Chair renters set their own hours and develop
their own client lists. In the employee arrangement, stylists are paid by the salon owner
and do not run their own business. The chair renter arrangement is characterized by a
simple contracts and little need for coordination. In the language of the model, there is
little organizational complexity. In contrast, the employee arrangement exhibits complex
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contracts (including non-competes, commission-based compensation, etc) and requires
coordination. In the language of the model, there is significant organizational complexity.

Although the employee arrangement is complex, it allows the firm to leverage the
individual talents of workers to produce a higher quality product than any individual
could produce alone. In contrast, the chair renter arrangement is simple but makes the
salon more like a collection of individual businesses. The two organizational structures
implied by this discussion are illustrated in the following figure.

4.2 Interpreting Organization Costs

This section describes different ways of interpreting γj . To summarize, γj is the cost of
increasing the complexity of firm j’s organizational structure by 1 unit. It represents the
collection of relationships, management practices, contract knowledge, human resource
technology and other factors which are inherent to firm j. Many of these interpretations
can be formalized as micro-foundations. This both a strength and a limitation of the
model. On the one hand, we can account for several organizational frictions together
using one cost function and one parameter per firm. On the other hand, we cannot un-
derstand the mechanisms driving the value of γj at any particular firm.

Coordination Costs. Under this interpretation, γ represents the fact that firms are
“second-best solutions to transactions plagued by various forms of contractual incom-
pleteness” (Gibbons 2020) and that “firms can never succeed in conquering the nonra-
tional dimensions of organizational behavior” (Williamson and Williamson 1984). As γ

approaches 0, coordination costs disappear, and a firm can design any organizational
structure it chooses at 0 cost. When γ becomes sufficiently large, firms will resort to as-
signing every worker the same job. In this case, workers are essentially firms since they
perform all of the tasks the firm performs and do not rely on coworkers. In this way the
distribution of γ traces out the value of firms. A firm with low γ is greater than the sum of
its people, producing a product superior to that which any could produce alone. A firm
with γ very large is essentially a group of people each working independently.

Rational Inattention. The mutual information form of organizational costs gives it an
rational inattention micro-foundation. We can interpret γ as the level of “managerial tal-
ent” (Lucas 1978) which determines the attention cost needed to allocate tasks to workers.
There is also a sense in which we can think of organizational costs as capturing contrac-
tual inattention, in the sense of Tirole (2009). That is different firms may find it more or
less costly to write down complex contracts in order to support complex organizational
structures.
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Specialization is Costly. A less abstract interpretation is to view organizational ef-
ficiency as an assumption that specialization is costly, and this cost differs across firms
according to γ. This interpretation arises from the fact that optimal I(b, α) is a measure of
task-specialization.8

5 Theoretical Results

This section derives the main characterization of the firm’s problem and provides theo-
retical intuition for the trade-offs firms face when choosing an organizational structure
while operating in a shared product and labor market.

5.1 Main Characterization

The main theoretical result characterizes the firm’s choice of organizational structure in
a convenient way. All other results in the paper are applications of this characterization,
including identification and estimation of the structural model developed later.

I define the feasible set of organization structures:

B = {B ∈ ∆N×K |
∑
i

B(i, k) = αk∀k}

We can now write the firms problem (1) in a simpler form:

max
pj∈R+,Bj∈B

exp(

quality︷ ︸︸ ︷
ξ(Bj)−ρpj)∑

j′ exp(ξ(Bj′)− ρpj′)︸ ︷︷ ︸
market share, sj

[
pj −

( org.︷ ︸︸ ︷
γjI(Bj)+

avg. wage︷ ︸︸ ︷∑
i,k

wiBj(i, k)

)
︸ ︷︷ ︸

constant marginal cost, MCj

]
(2)

Taking the first-order condition with respect to price, we obtain the well-known equation
which states that prices are marginal cost plus a mark-up.

p∗j(Bj) =
1

ρ(1− sj(Bj))
+MCj(Bj) (3)

Notice the mark-up is a function of market-share, which is a function of the prices and
qualities of other firms. Thus this equation represents a price best-response function. Also
note that market-shares and marginal cost both depend on organizational structure, Bj .

8. The proof is in Section A.7.
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At this point, it is useful to define quality-adjusted cost MCj(Bj)− ρ−1ξj . Given 3 we can
relate profit and quality-adjusted marginal cost.

Lemma 1 Given optimally chosen prices, profit is strictly decreasing in quality-adjusted marginal
cost.

The proof is mainly algebraic, and is provided in Appendix Section A.1. The lemma
implies firms wish to choose an organization structure which achieves the lowest quality-
adjusted marginal cost. In other words, the firm’s optimal organization structure also
solves the much simpler problem:

min
Bj∈Bj

MCj(Bj)− ρ−1ξj(Bj) (4)

Denote the firm-specific wage bill, complexity and quality as W (Bj), I(Bj), ξ(Bj) respec-
tively We can unpack and rearrange Equation 4 in the following way:

min
Bj∈Bj

MCj(Bj)− ρ−1ξ(Bj) = min
Bj∈B

W (Bj) + γjI(Bj)− ρ−1ξj(Bj)

= γj

{
min
Bj∈B

I(Bj) + γ−1
j

[
W (Bj)− ρ−1ξ(Bj)

]}
= γj

{
min
Bj∈B

I(Bj) + γ−1
j

∑
i,k

Bj(i, k)(Wi − ρ−1θi,k)

]

If we examine the final expression and compare it to formulations like Equation 6 in
Tishby, Pereira, and Bialek (2000), we see that the choice of organizational structure also
solves a rate-distortion problem. With this realization, the proof of the following theorem
is complete.

Theorem 1 The profit-maximizing organizational structure B∗ also solves:

min
Bj∈B

I(Bj) + γ−1

[
W (Bj)− ρ−1ξ(Bj)

]
(5)

which is a rate-distortion problem and a linear rational inattention problem.

This characterization of the firm’s problem is the main technical result of this paper, from
which all other results follow. We can begin using it immediately to think about the choice
of organizational structure. If we examine (5), we see that it depends on complexity,
wages and quality. The firms faces a trilemma: it wishes to achieve the lowest complexity
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and wages while achieving the highest quality. How it navigates this trade-off depends
on its internal organization cost γj , consumer price sensitivity ρ and their interaction γj ·ρ.

Figure 5: The Complexity-Wage-Quality Trilemma

Note: The characterization derived in Theorem 1 reveals that
firms face a three-way trade-off when designing their internal structure. This trade-off does not depend on other firms actions except
through wages in equilibrium. The firm must choose between higher quality, higher organization costs, or a higher wage bill. The
exact trade-off depends on consumer price sensitivity and the firm-specific organization cost parameter γj .

The intuition for why price sensitivity impacts organization structure is as follows.
When ρ is high, consumers are very price sensitive and the firm cannot pass on any type
of cost through prices. This means the firm will prioritize minimizing costs over max-
imizing quality, and will choose less complex organizations. When ρ is low, the firm
can pass on most costs (including organization costs and wages) to consumers through
prices. Because of this, it will prioritize improving quality. Since greater quality generally
requires greater complexity, this causes the firm to choose a more complex organization.
In the limiting case of ρ = 0, the firm can pass on all costs to consumers via prices. In this
case any organizational advantage (granted to firms with low γ) is eliminated because all
firms find it free to design complex organizations or hire high quality workers.

I now continue analyzing how the firm navigates the complexity-wage-quality trade-
off. To do so, I define the organization frontier.

Definition 4 The organization frontier is the set of all organization structures which minimize
complexity for some quality-adjusted wages.

The frontier consists of the simplest organizations which achieve some quality-adjusted
wages. The characterization provided in Theorem 1 allows us to apply existing results
from information theory to understand the general shape of the organizational frontier.
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Proposition 1 Organization complexity along the organization frontier is continuous, convex
and decreasing in quality-adjusted wages.

The proof is provided in the Appendix. This proposition implies that the firm’s choice
of organization structure boils down to a two-dimensional choice similar to a classic ex-
penditure minimization problem from consumer theory. The firm trades-off organiza-
tional complexity with quality-adjusted wages. How it navigates this trade-off is deter-
mined by the organizational cost parameter γ. This is illustrated in Figure 6.

Figure 6: Choosing an Organizational Structure

The firm chooses the point along the frontier that achieves the left-most isoprofit curve.
The firm’s isoprofit curves have a slope equal to −γ−1

j . As γj rises, the curves become
flatter, which causes the tangent point to shift right, reducing organizational complexity
and increasing quality-adjusted wages. A more complex organization allows a firm to
produce a higher quality good at lower wage but it requires a greater organization cost.
γ determines how each specific firm navigates this trade-off. An immediate consequence
is that a lower organization cost parameter grants the firm an organizational competitive
advantage in the product market.

Proposition 2 In equilibrium, firms with lower organization cost (γj) have higher organization
complexity, market share, and profits.

Recall that γj represents the management technology, relationships, knowledge, and
practices specific to the firm. These factors make it easier or harder for a firm to implement
a given organizational structure. Proposition 2 means that more organizationally efficient
firms are larger and more profitable. They can produce better quality goods at a lower
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cost. Importantly, this proposition is a testable implication of the model: firms with a
more complex organization structure should be larger and more profitable than firms
with a less complex structure.

One implication of the above results is that while firms interact strategically in their
price decisions, it is as if firms have a dominant organizational strategy. That is, firms
choose Bj to minimize quality-adjusted cost, which depends on other firm decisions only
indirectly through wages. This greatly improves tractability because we can solve the
organization problem first and then use the solution to solve for optimal prices. This is
critical to the estimation procedure outlined later in the paper.

In many contexts this may be a reasonable assumption. The main way in which two
firm’s internal organization is often connected is via the labor market. However, there
are situations where product market choices of other firms may directly impact internal
organization. For example, in a model where consumers are more likely to substitute to
products with similar qualities, the quality choice of the other firm may directly impact
the returns to quality, and thus the returns to more complex organizations. Section 10.5
describes such a model in more detail and outlines some challenges involved.

5.2 Optimal Jobs Within the Firm

The last few results show the originally high-dimensional problem of the firm can thought
of tractably as a two-dimensional trade-off. However, one of the goals of the model is to
understand how firms assign workers to tasks. This section describes the properties of
task assignments within the firm and shows that the firm customizes the bundles of tasks
it assigns individual worker types.

I first denote the jobs of workers at firm j as bj and define it as a matrix where ele-
ment i, k is the fraction of worker i’s total time spent on task k. Under the model, bj(i, k)
corresponds to:

bj(i, k) =
Bj(i, k)∑
k′ Bj(i, k′)

With this in hand, the following result describes several properties

Proposition 3 The profit-maximizing organizational structures satisfies the following properties.

1. Law of Demand: The share of workers of type i (Ej(i)) hired decreases as their wage in-
creases.

2. Incomplete Specialization: All hired worker types spend a positive amount of time on
each task whenever γj > 0.
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3. Optimal Jobs: Jobs take the following logit-like form:

bj(i, k) = αk
exp(−γ−1wi + (ργ)−1θi,k))∑

i′ Ej(i′)exp(−γ−1wi′ + (ργ)−1θi′,k))

The proof is provided in Appendix Section A.3. If we examine the expression, we see
that worker task-assignments depend on skills through θi,k, wages through wi, consumer
price sensitivity through ρ, the task-mix through αk, and organizational costs through γj .

This proposition highlights two important feature of the model. First, whenever there
are some organizational frictions within a firm, complete specialization will not occur.
Put another way, jobs are always a bundle of tasks. Second, because jobs depend on or-
ganizational costs, where someone works matters for what they do. That is, two identical
workers will not perform the same tasks even in the same product and labor market.
Their job will depend on the type of firm where they work.

6 Data

This section describes the salon management software data.

6.1 Context and Institutional Details

The data comes from a salon management software company. The software helps with
many aspects of running a beauty business, including scheduling, pricing, payments,
inventory, staffing, business reporting, client profiling, and marketing. As of July 19, 2022
the low-end subscription for the software is $175 per month, with an upgraded version
available for $265. Although the company markets its products to spas, tanning salons
and massage parlors, hair salons and barbers make up the majority of clients. For this
reason, I analyze only hair salons and barbershops.

The software is sold to beauty businesses throughout the United States, but the data
indicate uptake is largest in Los Angeles (where the company was founded) and New
York City. An important aspect of the data is that it allows me to observe the internal
organization of salons that are geographically close and therefore likely to be direct com-
petitors in labor and product markets. For example, I observe 10 salons in the lower
Manhattan zip code 10013, which is a 0.55 square mile area.

The data documents the assignment of individual stylists to particular services with
particular clients. It describes the duration of the appointment, the price paid, and a cus-
tom text description of the services performed. If more than one employee is assigned
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to a single client, this is recorded as multiple entries describing what each employee con-
tributed. Although the data is de-identified, unique ID allows a researcher to track em-
ployees and clients across time within salon.9 A sample from the activity is provided in
Table 3, with pseudonyms added.

From this data, we gain insight about how the different ways salons coordinate em-
ployees to meet customer demand. Blake requested a cut, highlights and a treatment at
salon 1A. The salon had a single employee, Rosy, perform all three services. Grace re-
quested a cut and a single process (color) at salon 2A. Unlike salon 1A, salon 2A chose to
assign each of these tasks to two separate employees, Tyler and Ben. Both of these salons
are in the same zip code.

While the data is rich in terms of task content and worker assignments, information
about employee compensation is sparse. The software is capable of tracking some com-
pensation information, like tips, commissions and employment relationship. However,
discussion with the software company and examining of the data reveal that these func-
tions are not consistently used by the client firms.

I am permitted to use the data as part of a data sharing agreement. I designed the
agreement as part of a consulting arrangement with the software company. During the
first part of the consulting arrangement, the data was used to conduct internal analyses
for the company. After, the agreement stipulated that I own the de-identified data, and
the firm only had the right to review publications for privacy concerns.

6.2 Mapping Descriptions to Tasks

The data contain 20,560 unique text descriptions of services. This section describes the
process used to categorize these descriptions into six tasks.

First, I created 13 subcategories along with several other categories related to the type
of service. The descriptions were sent to a certified cosmetologist hired through Up-
Work.10 The cosmetologist was paid $1,500 to read all descriptions and mark all sub-
categories which fit the description. The cosmetologist was instructed to mark multiple
columns if a service matched multiple subcategories. This process took approximately
one week. The same cosmetologist was hired to group the subcategories into task cate-
gories based on the types of people who would typically do each. Appendix Section B.1
describes the instructions sent to the cosmetologist and displays part of the final spread-
sheet. I use the 6-category grouping provided by the cosmetologist with one modification:

9. IDs are salon-specific, so we cannot track employees or clients across salons.
10. I received a copy of the person’s cosmetology license.
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I combine the extension task with the blowdry task. The reason is that the extension task
is very sparse. For Manhattan in 2021 Q2, it has less than 10 hours. This sparsity causes
estimation problems, as parameters tied to this task have a negligible effect on observable
outcomes.

A description marked as multiple tasks is divided across multiple tasks in the fol-
lowing way. First, I compute the average amount of time spent on a task in the category
among only descriptions with a single task marked. I then compute the fraction of time to
assign to each task as the corresponding average divided by the sum of the averages of all
marked tasks. This process generates a data set with worker-client-service observations
grouped into six mutually exclusive tasks.

6.3 Descriptive Statistics

The data used in this section and the model tests includes all observed firm-quarters
where revenue per customer is positive. I exclude 2021 Q3 because I only observe part of
the quarter. I also exclude an establishment in Kentucky with revenue that is implausibly
high. The data contain information on 445 hair salon establishments, which represent
316 unique businesses, 9,179 hair stylists, 1,654,233 customers and 10.8 million services
performed. Establishments first appear in the data when they adopt the management
software. The last complete month of data is August of 2021. Although the software is
used by salons across the country, users are concentrated in New York and California.

I aggregate the data to the firm-quarter level for analysis. Descriptive statistics at
this level are provided in Table 4. The salons in the sample are higher end, bringing
on average $200 in revenue per customer in a given quarter. Throughout the paper, I
refer to the price as the average revenue per customer per quarter. Even though there
is significant variation in the relative importance of services offered, most salons offer at
least 4 of the 5 task categories. Organizational complexity using the natural log scale with
five tasks is bounded above by approximately 1.61 and below by 0. Some firms have an
organizational complexity of 0, while others have a complexity as high as 1.02. I visually
represent firm-quarter heterogeneity in the task-mix and complexity in Figure 7. Firms
vary in their intensity in each task, and there is a long right tail of high-complexity firms.11

11. To see variation across jobs, see Table 17 and Figure 23.
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Figure 7: Heterogeneity in Organization Structures

(a) Organizational Complexity (b) Task-Mix
Note: Panel A is the distribution of organization complexity across all firm quarters in the data. Panel B is
the distribution of firm-quarter task-mixtures for the first three tasks. These are the observable variables
used to identify γj and each firm’s organization structure Bj in the structural model.

6.4 The Strengths and Limitations of Salon Management Data

Hair salons are a good setting for understanding the connection between organization
and competitive advantage for two reasons. First, labor is the primary input to produc-
tion. Second, in the beauty industry tasks, which are typically not observable, map closely
to services, which are observable. This means that transaction-level data can be used to
measure tasks.

There is typically a breadth-depth trade-off when it comes to understanding the inter-
nal organizations of firms. Some papers are able to deeply understand the workings of a
few establishments using site visits and case studies. Others are able to collect summary
measurements from many firms. By using management software, I am able to do both. I
am able to see the minute-by-minute assignment of hair stylists to tasks across hundreds
of independent businesses.

Another unique strength of my approach is that I do not rely on survey information.
Because hair salons use the software to coordinate economic activity in real time, the data
do not suffer from recall bias. Since all firms are using the same software, there is also a
sense in which my results are not confounded by differences in information technology.

There are two major issues when it comes to using salon management data. First,
because salons must use the software to be in the data, my sample is selected. This is not
as big a problem because my estimation approach effectively conditions on organizational
efficiency. Second, firms code services themselves. This means the data is quite rich, but
it also means that I must process descriptions into task categories which are meaningful
across firms.
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7 A Structural Model of Internal Organization

Understanding the quantitative relationship between internal organization and the labor
and product market requires a structural model that can be taken to the data. This section
describes such a model, which preserves the spirit of the theoretical model while allowing
for additional firm and worker heterogeneity. I prove identification of the distribution of
organization costs and provide a computationally light nested-fixed point generalized
method of moments estimation procedure.

7.1 Econometric Model

I define labor markets and product markets as counties. I define time periods as quar-
ters. I estimate the model for New York County (Manhattan) 2021 Quarter 2, the last full
quarter of data in my sample.

I allow the task-mix (αj) to be firm-specific. This is similar to allowing firms to have
different task-based production functions. Since α will be equal to the distribution of time
across tasks, it is fully observable in the data. This allows firms in the same product and
labor market to have different feasible organizational structures.

I add additional quality heterogeneity. I specify that in addition to endogenously cho-
sen quality ξ, each firm also has unobserved vertical quality ν which it cannot change.
This represents reputation and other attributes that are not related to labor. When the
model is estimated, only quality differences correlated with measured organization com-
plexity (Ij) will be attributed to internal organization. I also allow demand to vary based
on the task-mix, by explicitly including α in utility with a vector of coefficients β.

I add additional cost heterogeneity. I specify that in addition to the endogenous aver-
age wage bill, each firm also has a marginal cost shifter ϕ. This represents productivity
differences for reasons other than internal organization. When the model is estimated,
only variation in prices correlated with organization complexity are attributed to internal
organization. I also specify that all firms share common material costs of production (m),
which depend on the task-mix.

I allow workers to differ in their labor supply. This clarifies the relationship between
worker identities (observed in the data) and worker types in the model. Formally, in
addition to their skill set, individual workers also have an inelastic labor supply li. I
augment the game by specifying that firms first demand an amount of labor of each skill
set. Then an unspecified process matches workers to firms. The only assumption I place
on this process is that firm’s labor demand from the first stage is exactly met. Thus if a
firm demands 10 hours of a skill set, it may be met by 10 hours from one worker or 5
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hours from two workers, but no more or less than 10 hours is supplied. Following the
matching process, firms then select an organization structure B̃, which is over worker
identities rather than just worker skill sets.12

I allow firms to differ in the labor required to produce a unit of the final good. I specify
that each firm requires āj hours of labor to produce one unit of its good.13 I measure āj

as the average number of hours salon j spends on a customer in a quarter. I continue to
assume that organization costs and wages are per hour of labor.

I add a product market sales tax τ . Since the effective price faced by the consumer is
(1 + τ)pj , a sales tax is equivalent from the firm’s perspective to making the consumer
more price sensitive (increasing ρ). In most states, salon services are considered tangible
personal property and are thus often exempt from sales tax. This is the case in California
(Tax Guide for Barbers and Beauty Shops 2022). The state of New York also does not tax hair
services. However, New York City (which includes New York County/Manhattan) levies
a 4.5 percent tax on beauty services (New York City Department of Finance 2022).

Finally, I place restrictions on the worker type space. Specifically, I assume there are
four worker types each with a different specialty task. Thus worker types can be indexed
by their specialty task. Workers perform their specialty task i with skill θ̄i. They perform
all other tasks with a “typical” quality θi, which we normalize to 0. It is important to
note that this restriction is done due to data limitations and concerns about identifica-
tion. Given sufficient data on workers, the model can be identified and estimated for a
richer worker type space. Since I have very little information about workers, this is not
possible.14

Profit under the empirical model can be written as:

exp(ξ(Bj)− ρ(1 + τ)pj + βαj + νj)∑
j′ exp(ξ(Bj′) +−ρ(1 + τ)pj′ + βαj′ + νj′)

[
pj − āj

(
γjI(Bj) +W (Bj) +mα

)
− ϕj

]
where the features added to the theoretical model are written in blue. Fixing an equi-
librium, we can divide the parameters of the model into two groups. The first are the
firm-specific organizational cost coefficients {γj}Jj=1 which are the main parameters of
interest. The second are the market parameters that define the demand system (7 param-

12. This means that in principle a firm may employ multiple workers of the same skill set and assign them
different distributions of tasks.

13. This is similar to specifying a production function of the form āj min

{
a1

α1
, ... ak

αk
, ..., aK

αK

}
.

14. Typical quality because it is not separately identified from the β coefficients: all work on task k not
assigned to the specialist in task k is assigned to a non-specialist. Thus we could raise θk and decrease mk

and the model is observationally equivalent.
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eters), worker skills (5 parameters), wages (5 parameters) and material costs (5 parame-
ters). I denote these market parameters Ω. The following sections discuss identification
and estimation of these parameters.

7.2 Equilibrium Existence and Uniqueness

Proposition 4 Suppose wages are fixed. A pure strategy equilibrium exists, and is unique for
almost any parameter values.

By “almost any” I mean that the set of parameter values which generate a unique equi-
librium is full measure. Put another way, there is a sense in which multiplicity arises only
in knife-edge cases. The proof of this result is provided in the Appendix, and it relies on
the equivalence to a rational inattention problem established in Theorem 1. Since wages
are determined by market clearing, Proposition 4 does not establish equilibrium existence
and uniqueness for the full theoretical model. Nevertheless, the result is still useful for
three reasons.

First, even with fixed wages, the model in this paper features firms of heterogeneous
productivity endogenously choosing their quality and marginal cost. Many models where
product positioning is endogenous (including the canonical two-stage Hotelling model)
suffer from equilibrium existence and uniqueness problems.15 Second, the estimation
procedure takes wages as parameters to be estimated. The result implies that if we have
a uniform prior over the set of parameters, the probability the true parameters induce
multiple equilibria is 0. Third, the result means that the model makes sharp internal or-
ganization predictions. That is, for almost any set of parameters, the model delivers one
and only one internal organization structure for each firm. The model does not suffer
from the inverse identification problem, which makes counterfactual analysis straightfor-
ward.16 Additionally, the model almost always delivers one and only one distribution of
task content across workers in a labor market. Because the distribution of task content
across workers is observed in my data, I use this fact to validate the model.

7.3 Identification of Firm-Specific Organization Costs

The main parameters of interest are the organization costs, γj . They determine product
quality, organization complexity and marginal costs for each firm. The fact that organiza-

15. In a 2 firm Hotelling model with product positioning, it is known that a pure strategy equilibrium
does not exist for linear transportation costs. When transportation costs are quadratic, there are two equi-
libria.d’Aspremont, Gabszewicz, and Thisse (1979)

16. Put another way, we will not need to select among different equilibria when studying a policy change.
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tion cost parameters grow with the number of firms is concerning for identification and
estimation. I alleviate this concern by proving that each firm’s organization cost is identi-
fied given knowledge of the market parameters Ω. Further, I show organization costs are
not statistical parameters to be estimated: they are a deterministic function of the data.

Proposition 5 Suppose the market parameters Ω are known and the equilibrium is unique. If a
firm’s task-mix (αj) is observed, and complexity (Ij) is observed and not 0, then the following are
identified and a deterministic function of the data:

1. organization cost (γj)

2. organization structure (Bj)

The formal proof consists of three parts: first we show that the observed organiza-
tion complexity based on worker identities is equal to the unobserved true organizational
complexity, which is based on worker types. Second, Proposition 2 implies that the firm’s
profit maximizing organization complexity is strictly decreasing in the organizational
cost parameter γ whenever complexity is non-zero. This establishes a one-to-one map-
ping between an observed quantity (the mutual information between worker identities
and tasks) and the unobserved firm-specific deep parameter, γj . Once γj is known, from
equilibrium uniqueness we have that firm’s organizational structure is uniquely pinned
down. The proof is fully described in Appendix Section A.5.

A key hurdle in establishing identification is the fact that I do not observe worker
types. Instead, I observe worker identities within firms. Because I allow for a flexible
matching process, a given firm may employ multiple workers of the same skill set. The
distraction free property of mutual information implies that firms assign workers with
the same skill set the same distribution of tasks regardless of their labor supply. This
is critical for identification, because it means that the observed organization complexity
based on worker identities is equal to the true organization complexity based on worker
skill sets.17

For intuition, recall Figure 6. Suppose we see two firms with the same task-mix (αj)
operating in the same product and labor market. This means they have the same orga-
nization frontier. If one firm has a higher complexity, it must be that the slope of their
isoprofit line is steeper, which can only be because they have a lower organization cost.

17. Absent this property, we would need to find a way to map worker identities to types, perhaps using
observed performance or demographic data.

24



Therefore we can actually order the firms by organization cost without knowing the mar-
ket parameters. Once we know the market parameters, we can find the cardinal values of
each firm’s organization cost.

The proposition implies that organization costs do not need to be estimated in the
statisical sense. For any market parameters, there are unique organization cost param-
eters which rationalize the observed organization complexities and task-mixtures. This
is similar to how unobserved product quality in Berry, Levinsohn, and Pakes (1995) is
a deterministic function of market shares. Also similar to Berry, Levinsohn, and Pakes
(1995), there is no closed-form for the function that maps the data into organization costs.
Instead I provide a contraction mapping as part of my suggested estimation routine.

Beyond the main implication for estimation, Proposition 5 has two additional implica-
tions; one economic and one statistical. Statistically, it means that observing the task-mix
(a length K vector) and organizational complexity (a scalar) is enough to estimate the
model. It is not necessary to observe the individual assignments of workers to tasks, only
an average measure of the complexity of the assignment. This means the model can be
estimated in settings where rich assignment data is not available.18 It also means that if a
researcher has assignment data, they can estimate the model using only summary mea-
sures from this data and use the full data to conduct a validation exercise. This is precisely
what I do in Section 8.1.

Economically, the result means that the task-mix (a length K vector) and organiza-
tional complexity (a scalar) are sufficient statistics for a firm’s internal organization struc-
ture, Bj (an N × K matrix). When all firms share the same task-mix, this means that a
firm’s internal structure can be fully inferred by competitors through complexity alone.
On the one hand, this illustrates that logit demand and mutual information-based orga-
nization costs are imposing a large amount of structure. On the other hand, to the ex-
tent logit demand and mutual information-based organization costs are reasonable, this
framework has the potential to maintain tractability in complicated settings.

7.4 Identification of Market Parameters

Organization costs are a deterministic function of the data provided market parameters
are known. This section derives a set of moments and assumptions under which the
market parameters can be estimated via the generalized method of moments.

To construct moment conditions, I follow the industrial organization literature and
use one demand side and one supply side equation. Starting with the supply side, we

18. For example, privacy concerns may often prevent the disclosure of employee-client assignments.
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can write the equilibrium pricing equation as:

pj =
1

ρ(1 + τ)(1− sj)
+ āj

[
γ(Ω, Ij, αj)Ij + wE(Ω, Ij, αj)

]
+mαj + ϕj (6)

Because the demand system takes a multinomial logit form, market shares can be ex-
pressed as:

log(sj)− log(s0) = ξ(Ω, Ij, αj)− ρ(1 + τ)pj + βαj + νj (7)

I interact firm-level covariates with Equations 6 and 7. The covariates we interact must be
relevant to the determination of prices and market shares but also must be independent
of ν, ϕ. Firm organizational complexity (I) and task-mix vector (α) fit these requirements.
Under the model, they change organizational costs but are not impacted by ν, ϕ. Addi-
tionally, I use their interaction, α · I . Average labor, ā, is also observable and relevant to
prices and quantities. A discussion of how this variation identifies specific parameters is
provided in Section 7.6.

To these I add one additional wage moment. For each county and quarter, I com-
pute the average wage of hair stylists using the Quarterly Census of Employment and
Wages. For each county and quarter, I take the total quarterly wages of establishments
with NAICS code 812112 and divide by the number of establishments. This generates the
average total wage bill, which corresponds to W (Ω, Ij, αj) multiplied by the number of
customers. Assuming some measurement error in wages denoted ej , we have that:

Wj = MsjajW (Ω, Ij, αj) + ej

The identifying moment conditions can then be written as:

E

[(
ϕj(Ω, Ij, αj, pj, sj)

νj(Ω, Ij, αj, pj, sj)

)(
αj αjIj

)]
= 0 E[ej(Ω, Ij, αj)] = 0

For a single market and quarter, this process yields a total of 27 moments to estimate
25 market parameters. The model is globally identified if I assume that Ω is the unique
vector of parameter values which satisfies the moment conditions. With this assump-
tion, I estimate the model using the generalized method of moments. Denote the sample
analogue of the moments as G(Ω). Then to estimate Ω, we solve:

argmin
Ω̂

G(Ω̂)′WG(Ω̂) (8)
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where W is a weighting matrix. Note that to evaluate this GMM objective, we must
recover the vector of organization cost simplified by the data and each guess of the market
parameters. This requires solving each firm’s internal organization problem many times
per evaluation of the GMM objective. The next section provides a result which greatly
reduces the computational resources needed to do this.

For the hair salon application I take the weighting matrix W to be a diagonal ma-
trix, where each diagonal element is the sample variance of the independent variable
involved in the moment. This effectively standardizes the moments in the objective, pre-
venting random variables with large nominal values (like average hours per unit) from
dominating during estimation. I constrain wages to be between $15 (the minimum wage)
and $200 per hour. I require that the search algorithm only search over parameters values
where a positive share of each type of labor is demanded.

7.5 A Computationally Light Estimation Procedure

Because there is no closed-form for the mapping from organization complexities and mar-
ket parameters to organization costs, it is necessary to numerically solve each firm’s inter-
nal organization problem many times, until the model-produced complexities match the
complexities in the data. This is computationally intensive when there are many tasks and
many firms, because each firm’s problem is a high-dimensional non-linear minimization
problem. This section provides a nested-fixed point algorithm which efficiently solves the
firm’s problem and is proven to globally converge.

To derive the algorithm, I utilize the equivalence to a rate-distortion problem proved
in Theorem 1.

Lemma 2 Given market parameter values, the Blahut-Arimoto algorithm with Lagrangian mul-
tiplier (ājγj)−1 delivers an organizational structure Bj which maximizes firm profit.

The lemma follows directly from Theorem 1 and well-known results in information the-
ory.19 The Lagrangian multiplier involves āj because marginal costs are āj(

∑
i wiEi +

γjI(Bj))− ρ−1ξ(Bj). The Blahut-Arimoto algorithm is a fixed-point algorithm which iter-
ates on two optimality conditions (Blahut 1972) and can be described as follows, where I
suppress firm subscripts:

0. Guess some labor demand E0. Create matrix V :

Vi,k = exp[(āγ)−1(ρ−1θi,k − wi)]

19. See Tishby, Pereira, and Bialek 2000 or Blahut 1972.
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1. Compute Bt as:

B(i, k)t = αk
Vi,kE

t(k)∑
i E

t(i)Vi,k

2. Compute Et+1 as:
Et+1(i) =

∑
k

B(i, k)t

3. If converged exit, else return to Step 1 and advance t.

This algorithm is proven to globally converge to a global optimum from any feasible start-
ing point (Tishby, Pereira, and Bialek 2000). It avoids the need to repeatedly use nonlinear
optimization routines, and because it is a contraction mapping, a researcher can use ac-
celeration algorithms, like Du and Varadhan (2020) to increase the speed of convergence.
It also delivers the entire internal organization of the firm, Bj . Practically, a researcher
can use the algorithm to search for the γj which makes the model generated complexities
match the complexities observed in the data. Because complexity is monotone in γj , a
researcher can use the bisection method to do this. The full estimation procedure consists
of the following steps.

1. Given a guess of the market parameters Ω̂, use the Blahut-Arimoto algorithm to find
the organization costs γj(Ω̂) which rationalize each firm’s observed organizational
complexity Ij .

2. Using Bj(Ω̂), γj(Ω̂) compute firm-specific wage bills and endogenous quality.

3. Evaluate the GMM objective given by Equation 8. If the objective is minimized stop,
otherwise return to step 1 with a new market parameter guess, Ω̂.

The logic of this estimation algorithm is similar in spirit to the demand estimation
procedures that have become popular since Berry, Levinsohn, and Pakes (1995). Just as
those prcoedures invert market shares using a contraction mapping to derive unobserved
product qualities, my procedure inverts organization complexities using a contraction
mapping to obtain unobserved organization costs.

7.6 Identifying Variation

Proposition 5 establishes that given fixed values for the market parameters, organization
costs (γj) are identified by variation in complexity and the task-mix across firms. The
purpose of this section is to discuss the sources of identifying variation for the market
parameters.
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Consumer price sensitivity is identified by the correlation of cost differences across
firms with prices: high cost pass through implies a low price sensitivity. For the rest of this
informal discussion, I will talk about firm costs and qualities as if they are observed. This
is because once ρ is known, the marginal cost of each firm can be obtained by subtracting
the markup from prices. Similarly, unobserved quality can be obtained from subtracting
the disutility of prices from a firm’s log relative market share. To understand the variation
driving identification of the other market parameters, it is helpful to understand how
these parameters are linked to observed variables and each other. The task-mix is linked
to cost via wages and to qualities via skills. The relationships are mediated by complexity
(Ij). I visualize this in Figure 8.

Figure 8: Identifying Variation for Skills and Wages

Note: The diagram visualizes the way market parameters (skill sets and wages) are identified from observable data. Black objects are
observed, while white objects are parameters to be estimated or unobserved variables like organization costs. Organization costs
mediate the relationship between particular skill and wage parameters and costs and qualities. Since organization costs are
essentially deterministic functions of complexity, we can use variation in the interaction of complexity and the task-mix to identify
the different parameters.

Recall that firms expend complexity to increase task-specialization. When a firm has
high complexity and is intense in task k, the firm is employing a large share of task k

specialists. A large share of its quality is driven by the skill parameter θk and a large share
of its cost is driven by specialist k wages wk. In this way, variation across firms in task-
mixtures holding fixed complexity identifies the skills and wages of different specialists.

8 Empirical Results

The model is estimated for Manhattan during Quarter 2 of 2021. This section summarizes
parameter estimates and uses the model to analyze the sources of variation in task content
for hair stylists.

The market parameters of interest are the type-specific wages, specialty skill levels and
consumer price sensitivity. These are provided in Table 6. The estimated consumer price
sensitivity implies an average own-price elasticity of 11. Excluding the miscellaneous cat-
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egory, haircut/shave specialists have the lowest wage while color/highlight/wash spe-
cialists have the highest wage. The specialty skill premium is highest for blow dry/style/treatment
specialists, meaning that the largest increases in quality come from hiring a specific worker
to do these tasks.

8.1 Model Fit and Validation

I assess model fit by comparing the predicted and actual relationship between prices and
various organizational variables in Figure 9. I plot smoothed Loess lines to assess the
general shape of both the predicted and observed data. The model captures the shape of
the relationships.

Figure 9: Model Fit

(a) Complexity (b) Task-Mix 1 (Haircut/Shave Task)

(c) Task-Mix 2 (Haircut/Shave Task) (d) Task-Mix 3 (Haircut/Shave Task)
Note: Each panel plots the model and observed relationship between price and different firm variables. Dots represent individual
firms, while lines are Loess smoothed fitted curves. The model captures the general relationships.

Although the model delivers an entire predicted organization structure (Bj) for each
firm, the estimation procedure uses only some of this information. I use the additional
predicted information to validate the model. In particular, I compare the model generated
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distribution of task content to the observed distribution of task-content. Recall that the
jobs within firm j are denoted bj , and it is a matrix where element i, k denotes the time
worker type i spends on task k. Using the model, we can compute bj for each firm among
worker types that it hires. In the data, we can compute b̃j , which are jobs within firm
j where element i, k denotes the time worker i spends on task k. The main difference
between b̃j and bj is that the first is with respect to worker identity and the second is with
respect to worker types. To make them comparable, we can weight each job by the total
amount of labor it represents. Once we combine all J firms, this yields an unobserved
and model based distribution of job task content for each of the 5 tasks, where jobs are
weighted by their effective labor.

Tables 7, 8 , and 9 compare the model and observed mean, median, variance, 25th per-
centile and 75th percentile of job task-content. The model exactly matches the mean and
between-firm variance of job task-content because the model imposes that organization
structures must be consistent with the task-mix αj , which is exactly the average amount
of time spent on each task at each firm. The model decently approximates the total vari-
ances of task content and the 75th percentile of the job task-content distribution. It poorly
approximates the median and the 25th percentile.

The statistics related to the color/highlight/wash task are the hardest for the model
to replicate. The reason for this is that the empirical distribution for this task is triple
peaked. The empirical and model generated task-content distributions are presented in
full in Appendix Table 22.20

8.2 The Determinants of Job Task Content

I also analyze how much of the variance in task-specialization is attributable to firm. I
measure task-specialization as the amount of time a worker spends on their specialty
task. Performing the same decomposition as before, I find that 45% of the variation in
task-specialization is attributable to firms.

One problem with the variance decompositions provided so far is that they do not
distinguish between job differences due to organization costs or job differences due to
task-mix differences across firms. Put another way, it could be that firms intense in
coloring hire color specialists, and this is the reason so much of job task content is at-
tributable to firms. To distinguish between these two channels, I compute the average
task-specialization at each firm as the fraction of total firm labor spent on any worker’s

20. Comparing the entire distribution of content is another, much more rigorous validation test.

31



specialty. I plot this measure for each firm against its organization cost percentile in Fig-
ure 10.

Figure 10: Task-Specialization and Firm Organization Costs

Note: The figure displays the model predicted relationship between task-specialization (fraction of time spent by workers on there
focal task) and firm organization cost. Firms with higher organization utilize less task-specialized internal organization structures.

The negative relationship is consistent with the theoretical analysis earlier in the paper.
Because complexity generally rises with specialization, firms with higher organization
costs exhibit less task-specialization. The magnitude is large: firms in the bottom quartile
of organization costs (efficient firms) assign on average 90% of tasks to the associated
specialist, while firms in the top quartile ( inefficient firms) assign on average 67%.

Finally, I plot the equilibrium division of tasks across worker types in Figure 11. Hair-
cut/shave specialists work the most specialized jobs, while blow dry/extension/style
specialists work the most generalized jobs. These differences are driven in part by the
estimated skill premia of each type as well as the distribution of task-mixtures and orga-
nization costs across firms.
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Figure 11: Equilibrium Division of Tasks Across Workers

(a) All Tasks (b) Specialty v.s. Other Tasks
Note: Panel A provides the breakdown of time spent on each task by worker type. Panel B provides the breakdown of time spent on

specialty task vs. all other tasks. Haircut/shave specialists are the most task-specialized, while blow dry specialists are the least.

9 Counterfactuals

This section uses the estimated model to study two counterfactual policy changes, one
impacting the product market and one impacting the labor market. The counterfactuals
illustrate how internal organization mediates shocks in the product and labor market.
The procedure used to solve for equilibria and conduct the analyses is described in Ap-
pendix Section B.6. I use the structure of the model to distinguish between two effects of
any policy: a reallocation effect and a reorganization effect. To do this, I first define the
reallocation equilibrium.

The reallocation equilibrium is the outcome when firms are allowed to adjust prices
(pj) but organization structures (Bj) are fixed at the initial equilibrium choices. Because
prices control quantities, this equilibrium allows firms to adjust the total labor they hire,
but not the division of labor within the firm. The reallocation effect of any policy is the
change in outcomes between the reallocation equilibrium and the initial equilibrium. It
captures changes due to reallocation of labor across firms. Because firms differ in their
organization costs and task mixtures, reallocation will change the task content of jobs,
relative wages, and other outcomes. The reorganization effect of any policy is the change
in outcomes between the full equilibrium and the reallocation equilibrium. It captures
changes due to reorganization of labor within firms. I define the total effect of any policy
as the change in outcomes from the initial to the full equilibrium. These relationships are
summarized in Figure 12.
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Figure 12: Reallocation, Reorganization and Total Effect

Note: The diagram shows how the total effect of any counterfactual policy can be decomposed into two parts. The first part fixes the
organization structure but allows firms to update prices. This is the reallocation effect, because labor flows across firms but does not

change within firms. The second part allows organization structures to adjust. This is the reorganization effect, because firms are
now responding to wages and prices by shifting their internal structure.

9.1 Minimum Wage Increase

I study an increase in the minimum wage in New York City from $15 (the minimum in
2021) to $20. An increase to $20 is similar in magnitude to the increases that would occur
if the minimum wage was pegged to inflation, as proposed in several pending pieces of
legislation.21

To implement the counterfactual, I require that all equilibrium wages be at least $20,
and that markets clear for all worker types for which the wage is not binding. I allow
there to be excess labor supply (unemployment) for those worker types facing a binding
minimum wage. I believe my model is well-suited for studying large increases in the
minimum wage, because I allow salons to reorganize as well as raise prices. There are
technical details that must be addressed when implementing the minimum wage coun-
terfactuals, including the possibility of multiple equilibria and numeraire goods. I discuss
these in Appendix Section B.6.2.

The unique equilibrium both with and without adjustment features a binding min-
imum wage for the haircut/shave specialist only. The wages and employment levels
across worker types are given in Table 12, with net changes in employment and wages
given in Table 13. Table 11 summarizes the welfare impacts of the policy.

21. Senate Bill S3062C and Assembly Bill A7503B. Analysis by EPI: Proposed New York state minimum wage
increases would lift wages for more than 2 million workers through 2026: Minimum wages would range by region
from $16.35 to $21.25 per hour by 2026 — Economic Policy Institute
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9.1.1 The Reallocation Effect

First, there is the reallocation of labor across firms with different task-mixtures and orga-
nization costs. This is the only force operating in the equilibrium without reorganization.
It exists because firms are heterogeneous in both their task-mixtures and organization
costs. Most of the reductions in consumer welfare, firm profit, wages and employment
are due to this effect. I visualize this effect in Figure 13, by looking at changes in em-
ployment and marginal cost across firms with different organization costs (γj) and task-
mixtures in an equilibrium without reorganization. I focus on variation in intensity in
the haircut/shave task, because they are the only workers for which the minimum wage
binds.

Figure 13: Reallocation Effect Under a Minimum Wage Increase

(a) Marginal Cost Changes (b) Employment Changes
Note: In both panels each dot is a firm, and changes are comparing the reallocation equilibrium to the initial equilibrium, holding
fixed internal organization. Panel A plots the change in marginal cost against the fraction of the firm’s workforce that are haircut
specialists (the only type for which the minimum wage is binding) in the initial equilibrium. Panel B plots the change in employment
under the reallocation effect against the fraction of the firm’s workforce that are haircut specialists in the initial equilibrium.
Employment losses and marginal cost increases are largest for firms which rely heavily on worker types for which the minimum
wage is binding.

The incidence of the minimum wage is highest for salons which rely heavily on worker
types for which the minimum wage is binding. These salons see the largest increases in
marginal costs and the largest decreases in employment. Because the minimum wage
increases some firm’s costs more than others, it changes the competitive position of firms
in the product market. As can be seen in the figure, this effect is large enough that some
salons see employment increases after a minimum wage hike.

Table 15 illustrates that the reallocation effect has heterogeneous wage consequences
for worker types that do not face a binding minimum wage. Wages rise for blow dry/etc.
specialists, administrative specialists and nail/misc. specialists because firms which hire
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a large share of these workers also tend to hire very few of the binding worker type.
The minimum wage improves the competitive position of these firms, increasing labor
demand for these types. Wages fall for color/highlight/wash specialists because sa-
lons which rely heavily on these specialists often also rely on cut specialists, the bind-
ing worker type. The minimum wage degrades the competitive position of these firms,
reducing labor demand for these worker types.

9.1.2 The Reorganization Effect

Second, there is a reorganization effect, where labor is reallocated within the firm. This
force operates only in the full equilibrium and it amplifies the negative consequences of
a minimum wage, lowering consumer welfare, employment and profits. It exists because
internal organization is allowed to be strategic in the model. To study it, I plot the change
in task specialization (fraction of a worker’s time spent on their specialty) against the
change in the fraction of a firm’s workforce a worker type represents. Individual firms
are represented by arrows.

Figure 14: Reorganization Effect Under a Minimum Wage Increase

(a) Non-Binding (Color/Highlight Specialists) (b) Binding (Haircut/Shave Specialists)
Note: Each arrow in both panels is a firm, with the blue dot at the end of the arrow representing the firm after the reorganization
effect (the final position). Panel A displays the change in task-specialization and relative employment for color/highlight specialists
a type for which the minimum wage is not binding. Relative employment increases while task-specialization decreases. Panel B
displays the change in task-specialization and relative employment for haircut/shave specialists a type for which the minimum wage
is binding. Relative employment decreases while task-specialization increases. This illustrates how firms are asking surviving
workers to pick up the slack.

For binding types, salons reduce relative employment and increase task specializa-
tion. Intuitively, the minimum wage makes binding workers more costly. Firms layoff
binding worker types unless they are performing enough of their specialty task. For non-
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binding types, salons reduce task specialization and increase relative employment. I call
this a “pick-up-the-slack” effect. Intuitively, non-binding workers become relatively less
costly. The firm asks these workers to perform some of the tasks previously performed by
the other types. The minimum wage spills-over onto non-binding workers via internal
reorganization.

The pick-up-the-slack effect implies task-specialization and wages move in opposite
directions. Looking at Table 14 I see exactly this: worker types that see a wage decrease
or unemployment increase from reorganization also see a task-specialization increase.
Likewise, worker types that see a wage increase also see a task-specialization decrease.

9.1.3 The Total Effect

The minimum wage reduces total welfare by 0.95%. One interesting aspect is that the
reorganization effect makes almost everyone worse off: it lowers firm profit, lowers con-
sumer welfare, lowers employment and lowers wages of employed workers. This is due
to a reorganization externality.

Consider why the initial organization structures cannot be sustained after the mini-
mum wage increase. When the minimum wages rises to $20, firms have an incentive to
reallocate tasks from the workers for which the wage is binding to workers for which the
wage is not binding. We can show formally that such a temptation exists under general
conditions, but intuitively, the firm can slightly adjust its structure to use less of the bind-
ing workers and more of the non-binding. For small enough adjustments, quality and
organization costs remain the same, but the firm’s own wage bill strictly falls. Firms do
not internalize the fact that this adjustment lowers total labor market demand for binding
types and raises total labor market demand for non-binding. To clear the labor market,
non-binding wages must rise and binding wages must decrease. The minimum wage
prevents binding wages from decreasing further, so unemployment rises.

Another interesting aspect is that despite the fact that the minimum wage binds only
for haircut specialists, it impacts the wages of the other worker types differently. Some
workers see wage decreases, suggesting they are complements. Others see wage in-
creases, suggesting they are in a sense substitutes for haircut specialists. This is surpris-
ing, because the model implicitly assumes (via an exogenous task-mix) a perfect comple-
ments task-based production function.
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9.2 Sales Taxes

New York City is unique in that it levies a 4.5% sales tax on hair salon services. This sec-
tion studies the effect of eliminating this sales tax. Formally, I estimate a new equilibrium
with τNEW = 0. Table 16 summarizes the impacts of the policy.

9.2.1 Reallocation Effect

Eliminating the sales tax confers a competitive advantage to firms producing high quality
services in the initial equilibrium. Since salons with low organization costs tend to pro-
duce high quality services, this reallocates labor towards organizationally efficient firms,
as seen in Figure 15.

Figure 15: Reallocation Effect Under a Sales Tax

Note: The figure plots the smoothed distribution of labor across firms ranked by organization cost. The reallocation effect under a
sales tax shifts labor towards lower organization costs (more efficient) firms.

Organizationally efficient salons produce high quality services using a more task-
specialized internal structure. Thus the reallocation effect increases market-wide task spe-
cialization because more workers are working at task-specialized firms. The reallocation
effect accounts for about half of the total increase in task-specialization due to eliminating
the sales tax.
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9.2.2 Reorganization Effect

Eliminating the sales tax makes producing higher quality product more attractive. In or-
der to produce higher quality products, firms choose internal organizations which are on
average 5.5% more complex in order to increase average labor market task specialization
by 0.9%. Average firm service quality rises by 10%. This is consistent with the quality-
complexity-wage trilemma discussion in the theoretical section.

Figure 16 illustrates that these market-wide patterns also happen at the firm-level.
However, the extent to which firms increase quality and increase task specialization de-
pends on the firm’s internal organization costs and its particular task-mix. This is why
the slopes and lengths of the arrows in Figure 16 differ.

Figure 16: Reorganization Effect Under a Sales Tax

Note: Each pair of dots connected by an arrow represents a firm, with red representing the firm before the sales tax and blue
representing the firm after the sales tax. The direction of the arrows indicates that most firms increase quality by raising task
specialization internally. The magnitude of this change (given by the length and angle of the arrow) depends on the firm’s particiular
organization costs and task-mixture.

The reorganization effect accounts for half of the total increase in labor market task-
specialization.

9.2.3 Total Effect

Overall, eliminating the sales tax increases total welfare by 8%. Breaking this down by dif-
ferent actors in the model, it slightly reduces consumer welfare, while slightly increasing
firm profit (+3.7%). The majority of gains accrue to workers through wages which rise
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by 19.3%. The reason is that eliminating the sales privileges service quality by making
consumers less price sensitive.

Figure 17 shows that eliminating the sales tax generates a reallocation and reorgani-
zation effect which move task-specialization in the same direction. Labor shifts towards
organizationally efficient firms who were already producing high quality products (the
reallocation effect). Most firms also increase quality and task specialization (the reorgani-
zation effect). Workers are more productive because they are spending more of their time
on their specialty task. Firms capture the surplus from increased quality from consumers
via higher prices, and workers capture the surplus from firms via higher wages.

Figure 17: The Task Specialization of Jobs Before and After

Note: The figure plots the distribution of labor across jobs of different task-specialization (amount of time spent on specialty task).
Eliminating the sales tax increases the amount of time workers spend on their specialty task, with both the reorganization and
reallocation effects contributing equally to this total change.

10 Extensions

Many of the modeling assumptions are made solely for tractability or to match the hair
salon application. The core idea behind the model is general, and this section outlines
several extensions which accommodate other contexts and additional economic forces. I
also provide ways to use recent work in labor economics, rational inattention, and rate-
distortion theory to implement these extensions in future work.

40



10.1 Labor Market Power

The current model focuses on situations where firms have product market power but not
labor market power. This is realistic when the product market is small relative to the labor
market, either geographically or due to worker’s ability to work in multiple industries. In
many situations this is not realistic and we might expect firms to also hold labor market
power.

Introducing labor market power raises an interesting theoretical question, which is
why I think this is the most important area for future work. Firms with labor market
power have an incentive to reduce the number of workers they hire in order to mark-
down wages. How does this incentive interact with internal organization, and how does
it change competition? Unlike a competitive labor market, firms will realize that demand-
ing more of a certain type of worker increases wages.

Such an extension has the potential to help us understand two features of modern
labor markets. First, we can measure the amenity value of task specialization to work-
ers. In some industries, workers may find a specialized job unfulfilling or pigeon-holing
for their long term career goals. In others, workers may find specialized jobs valuable
because they deepen expertise. Second, in highly concentrated industries, we can study
how internal organization choices are driven by a desire to make workers scarce for com-
petitors. Anecdotal accounts in the technology sector suggests such talent wars occur. My
model provides a way to study the trade-off between over-hiring a certain type of worker
while still trying to operate the firm.

A model with labor market power could be made tractable by assuming monopolistic
competition in the product market and monopsonistic competition in the labor market.
The labor market could be modeled using the framework introduced in Card et al. (2018).
The novel internal organization cost introduced in this paper extends to such a model.
However, because output now impacts marginal costs (through wage markdowns) the
characterization in Theorem 1 will no longer hold. We will need new tools to solve and
estimate the model. Because the new problem will be a non-linear rational inattention
problem, results from Jung et al. (2019) may be helpful in this regard.

10.2 Large Firms

The model can be extended to the case where firms are “large,” with a continuum of tasks
and worker types.

Consider a firm which must complete a continuum of tasks to produce the final good.
The task-mix is now a distribution, which I assume to be normal: k ∼ N(0, σ2). Suppose

41



workers have a single specialty task, and that they are indexed by i in the order of their
specialty task. An organization structure B is now a continuous bivariate joint distribu-
tion.

Suppose the quality of a performed task is given by the squared distance between the
specialty of the worker and the task assigned, that is ξ = −

∫
(i − k)2dB(i, k) and denote

D = −ξ. Finally, assume all workers have the same wages (skills are not priced by the
market).

It can be shown that the organizational frontier in this special case has a closed form,
and an organization structure B which maximizes profit is:(

i

k

)
∼ N

([
0

0

]
,

[
σ2 − ln(2)γρ σ2 − ln(2)γρ

σ2 − ln(2)γρ σ2

])
To interpret this, notice that as γ approaches 0, the correlation between tasks and

workers approaches 1 and the marginal distribution of hired worker types widens and
approaches the distribution of tasks. In other words, the firm assigns each task entirely
to the appropriate specialist. Whenever there are positive organization costs, the task-
content of a worker of type i is a normal distribution centered on their specialty with
variance σ2 − ln(2)γρ. Greater organization costs or higher price sensitivity reduce task-
specialization. This illustrates two things. First, the model can be easily extended to
accommodate the large firm case, where the task space is uncountable (as is the worker
type space). Second, the key organizational friction is a deep property of the model, and
it does not go away when we make organizations large and less “lumpy.”

10.3 A Quantity-Based Model

In some contexts, like manufacturing, we may wish to model organizational efficiency
as allowing firms to produce greater quantity rather than greater quality. Indeed, this
is the default definition of productivity in economics. The model can also be extended
to accommodate this: we simply interpret the skill sets as denoting the amount of time
required by the worker to complete task k (therefore smaller θi,k are better). Then the
production function becomes a function of organization structure:

Fα,B(aj) = min

{
a1

α1

∑
i θi,1Bj,i,1

, ...
ak

αk

∑
i θi,kBj,i,k

, ...,
aK

αK

∑
i θi,KBj,i,K

}
Given any fixed organizational structure, the efficient way to produce a single unit of
output is to set ak = αk

∑
i θi,kBj,i,k. Thus the per-unit wage bill is given by:
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∑
i

Wi

∑
k

αk

∑
i

θi,kBj,i,k

And marginal costs are constant and consist of the per-unit wage bill and organization
costs:

MCj =
∑
i

Wi

∑
k

αk

∑
i

θi,kBj,i,k + γjI(Bj)

All of the benefits of a more complex organization then come through a reduction in the
per-unit wage bill. The logic of the original model extends directly to the quantity case:
firms with greater organizational efficiency (lower γj) can produce more of the good with
the same workforce. Some readers may wonder why I did not use this as the main model.
The reason is because the quantity productivity model has the following property.

Proposition 6 Under the quantity model, prices are decreasing with organizational complexity.

The proof is provided in Appendix Section A.4. Intuitively, under the quantity model
with logit demand, all the benefits of a complex organization come from greater output
rather than from greater revenue per unit. The reduction in marginal cost outpaces the
increase in the markup, resulting in lower prices. This property may be desirable in some
settings, like manufacturing, but Stylized Fact 2 shows it is not true for hair salons.

10.4 Non-Additive Quality

The model developed in this paper required that the effect of the quality of each individ-
ual task has an additive impact on overall quality. This assumption is natural in some
settings, but unnatural in others. An excellent example is the launching of space shut-
tles. A single task performed poorly can be catastrophic, as illustrated by the Challenger
explosion. In these contexts, nonlinear quality aggregation is necessary to model the pro-
duction process. I can be accommodate this within the model using multiplicative quality,
similar in spirit to Kremer (1993):

ξj =
∏
i,k

θ
Bj,i,k

i,k

We can re-write using logarithms as:

ξj = exp

(∑
i,k

Bj,i,klog(θi,k)

)
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This is now an f-separable distortion measure, meaning we can apply recent work in
information theory (Shkel and Verdú 2018) to adapt the Blahut-Arimoto algorithm and
other tools to work with this extended model.

10.5 Quality Positioning and Richer Demand Systems

One surprising result from the theoretical section is that the choice of organization struc-
ture depends only on other firm choices via wages. The main reason for this is the inde-
pendence of irrelevant alternatives property of logit demand. In my setting, this property
manifests as consumers substituting uniformly to other products regardless of quality. In
some contexts this may be unrealistic, and we may believe that there is a “positioning
effect,” where the return to higher quality depends in part on how many other firms are
also producing high quality. This section illustrates that this effect can be incorporated us-
ing mixed logit demand systems if a researcher is willing to give up analytical tractability
and greatly increase computational requirements.

Suppose consumers differ in their taste for quality. The utility of consumer z for prod-
uct j is now given by:

uz,j = qzξj − ρpj + ϵz,j

where qz is distributed i.i.d. across consumers according to some distribution G. This util-
ity specification now nests both pure vertical and pure horizontal differentiation models.
When we specify that ϵz,j is type-1 extreme value and qz is normally distributed it is a
random coefficients logit model. Market share for product i among consumer segment z
is given by:

sj,z =
exp(qzξj − ρpj)∑
j′ exp(qzξj′ − pj′)

To understand the effect of quality on market share, we can compute the derivative:

∂sj
∂ξj

=

∫
qzsj,z(1− sj,z)dG(z)

Two facts are apparent from this expression. First, the marginal revenue from increasing
quality now depends on the quality position of other firms. Firms will find it more bene-
ficial to raise quality when high quality segments are relatively untapped by other firms.
Second, the optimal organizational structure Bj will depend on the equilibrium quality
choices of other firms.

The cost of this generalization is tractability. Because of the dependence on the qual-
ity choices of other firms, the characterization in Theorem 1 no longer holds. Although
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the problem is still likely a form of rational inattention problem, it is not a rate-distortion
problem. We also dramatically increase the computational complexity of the model. With-
out equivalence to a rate-distortion problem, estimation requires solving the model for
each firm using nonlinear convex optimization, or deriving a new fixed point algorithm.
Also, since demand no longer takes a multinomial logit form, there does not exist a closed-
form solution relating market shares, prices and unobserved qualities. Inverting market
shares to obtain unobserved quality now requires numerical integration and solving a
contraction mapping.

11 Conclusion

This paper provides a structural model that can be used to study the effect of internal
organization on product and labor market outcomes. The model allows firms to respond
to changes in policy by internally reorganization. It also allows firms to differ in their
internal organization costs. These features allow the model to capture the strategic and
distributional consequences of policies for firms.

An area for future work is the welfare impact of internal organization on workers. This
paper shows that both product and labor market policies reallocate labor across firms and
change the task-specialization of jobs in an industry. But are such changes beneficial to
workers?

This is ultimately an empirical question. On the one hand, greater task specialization
could deepen worker experience in certain tasks, improving the production possibilities
when workers bring their skills together. Greater task specialization also means workers
are less exchangeable with other workers at the same firm. On the other hand, greater
task specialization may limit task exploration. It may also make jobs more skill-specific,
making it more difficult for a worker to find a new job and limiting a worker’s outside
option. Workers may also intrinsically value broader jobs more than specialized jobs.

The relative importance of these forces depend crucially on the size of job search fric-
tions, the nature of task-based human capital accumulation, and the amenity value of
specialization. Thus, understanding the effect on worker welfare requires extending the
model and utilizing better data on worker outcomes across firms.
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Tables

Table 1: Variance Decomposition: Without a Model

Across Firms

Share of Task-Content Variance

Task Share of Labor Firm Within-Firm

1 0.4049 0.3744 0.6256
2 0.3902 0.2899 0.7101
3 0.0850 0.5056 0.4944
4 0.0590 0.4900 0.5100
5 0.0610 0.4124 0.5876

Across Quarters

Share of Task-Content Variance

Task Share of Labor Quarter Within-Quarter

1 0.4049 0.0057 0.9943
2 0.3902 0.0062 0.9938
3 0.0850 0.0111 0.9889
4 0.0590 0.0193 0.9807
5 0.0610 0.0118 0.9882

Table 2: Fixed Effect Regressions of Firm Size on Organization Complexity

Dependent Variables: Revenue Employees Utilized Labor Customers Visits
Model: (1) (2) (3) (4) (5)

Variables
Org. Complexity 347549.2∗∗∗ 9.75∗∗ 26481 334.6 731.7

(79546.2) (3.016) (35653.2) (259.6) (450.1)

Fixed-effects
Quarter-Year Yes Yes Yes Yes Yes
County Yes Yes Yes Yes Yes

Fit statistics
Observations 4,558 4,558 4,558 4,558 4,558
R2 0.32465 0.34319 0.28918 0.34901 0.35004

Clustered standard-errors in parentheses
Signif. Codes: ***: 0.001, **: 0.01, *: 0.05
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Table 3: Salon Activity Data Sample

Firm Salon App. Cust. Service Staff Time Stamp Price Duration

1 1A 123 Blake Advanced Cut Rosy 3/26/2021 16:15 100 72
1 1A 123 Blake Full Head - Highlights Rosy 3/26/2021 16:15 243 127
1 1A 123 Blake Treatment Add On (Olaplex) Rosy 3/26/2021 16:15 39 72
2 2A 9982 Grace Women’s Cut Tyler 3/17/2021 11:00 225 43
2 2A 9982 Grace Single Process Ben 3/17/2021 11:00 200 77

Table 4: Firm-Quarter Characteristics

Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max

Revenue 4,558 213,201.30 248,359.90 5 58,912.5 271,236.5 2,559,703
Price 4,558 199.73 135.16 0.20 111.71 261.88 3,180.44
Employees 4,558 13.38 10.79 1 6 17 92
Customers 4,558 1,159.23 1,098.45 1 397 1,619 16,768
Task Categories 4,558 4.45 0.86 1 4 5 5
Labor per. Customer 4,558 2.15 1.63 0.10 1.52 2.57 61.33
Organization Complexity 4,558 0.22 0.22 0.00 0.03 0.42 1.02
Share Haircut/Shave 4,558 0.41 0.23 0.00 0.26 0.52 1.00
Share Color/Highlight/Wash/Extensions 4,558 0.38 0.20 0.00 0.29 0.52 1.00
Share Blowdry/Style/Treatment 4,558 0.09 0.12 0.00 0.03 0.11 1.00
Admininstrative 4,558 0.05 0.11 0.00 0.002 0.04 1.00
Nail/Spa/Eye/Misc. 4,558 0.06 0.16 0.00 0.00 0.05 1.00

Table 5: Select Parameter Estimates

Price Sensitivity and Worker Skill Levels

Parameter Symbol Estimate

Price Sensitivity ρ 0.03832
Haircut/Shave Skill S1 32.45

Color/Highlight/Wash Skill S2 60.03
Blowdry/Style/Treatment/Extension Skill S3 141.7

Administrative Skill S4 43.29
Nail/Spa/Eye/Misc. Skill S5 66.48

Type-Specific Wages

Type Estimate

Haircut/Shave Specialist 16.96
Color/Highlight/Wash Specialist 37.75

Blowdry/Style/Treatment/Extension Specialist 20.91
Administrative Specialist 26.99

Nail/Spa/Eye/Misc. Specialist 81.16
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Table 6: Select Parameter Estimates

Estimate

Price Sensitivity 0.038
(0.025)

Haircut/Shave Wage 16.957
(260.027)

Color/Highlight/Wash Wage 37.751
(211.503)

Blowdry/Style/Treatment/Extensions Wage 20.912
(412.630)

Administrative Wage 26.989
(2,659.288)

Nail/Spa/Eye/Misc. Wage 81.156
(1,960.048)

Haircut/Shave Skill 32.451
(31.468)

Color/Highlight/Wash Skill 60.030
(100.718)

Blowdry/Style/Treatment/Extensions Skill 141.693
(235.628)

Administrative Skill 43.291
(123.579)

Nail/Spa/Eye/Misc. Skill 66.480
(338.955)
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Table 7: Model vs. Observed Job Task Mean and Median

Mean Median

Task Model Observed Model Observed

Haircut/Shave 0.4094 0.4094 0.2816 0.3357
Color/Highlight/Wash 0.4058 0.4058 0.3067 0.4042

Blowdry/Style/Treatment/Extension 0.1179 0.1179 0.0162 0.0704
Administrative 0.0278 0.0278 0.0050 0.0040

Nail/Spa/Eye/Misc. 0.0391 0.0391 0.0049 0.0000

Table 8: Model vs. Observed Job Task Variance

Total Variance Between Firm Variance

Task Model Observed Model Observed

Haircut/Shave 0.1110 0.1268 0.0597 0.0597
Color/Highlight/Wash 0.1127 0.1105 0.0365 0.0365

Blowdry/Style/Treatment/Extension 0.0472 0.0194 0.0111 0.0111
Administrative 0.0098 0.0080 0.0063 0.0063

Nail/Spa/Eye/Misc. 0.0120 0.0171 0.0050 0.0050

Table 9: Model vs. Observed Job Task IQR

p25 p75

Task Model Observed Model Observed

Haircut/Shave 0.1583 0.0469 0.8013 0.7577
Color/Highlight/Wash 0.0417 0.0388 0.7020 0.6383

Blowdry/Style/Treatment/Extension 0.0004 0.0110 0.0726 0.1892
Administrative 0.0027 0.0000 0.0166 0.0108

Nail/Spa/Eye/Misc. 0.0000 0.0000 0.0329 0.0106
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Table 10: Model-Based Decomposition of Job Task-Content Variance

Share of Task-Content Variance

Task Firm Worker

Haircut/Shave 0.0761 0.9239
Color/Highlight/Wash 0.1194 0.8806

Blowdry/Style/Treatment/Extension 0.2180 0.7820
Administrative 0.0965 0.9035

Nail/Spa/Eye/Misc. 0.0865 0.9135

Table 11: Minimum Wage Increase from $15 to $20

Statistic Reallocation Reorganization Total

Avg. Price 1.96% -0.29% 1.67%
Avg. Complexity -0.00% -0.46% -0.46%

Avg. Quality 0.00% -0.54% -0.54%
Avg. Hourly Wage 3.40% 0.20% 3.60%

Std. Dev. Wage -8.91% 1.03% -7.88%

Task Specialization -0.61% -0.18% -0.79%
Employment -1.53% -0.19% -1.72%

Market Served -2.69% -0.12% -2.81%
Total Profit -2.69% -0.12% -2.81%

Consumer Welfare -2.64% -0.12% -2.76%

Total Wages 1.81% 0.00% 1.82%
Total Welfare -0.88% -0.07% -0.95%

Table 12: Minimum Wage Type-Specific Wages, Employment and Specialization

Initial Reallocation Reorganization

Worker Type Hours Wage Task-Spec. Hours Wage Task-Spec. Hours Wage Task-Spec.

Haircut/Shave 537550 $16.96 0.9463 506090 $20.00 0.9459 502152 $20.00 0.947
Color/Highlight/Wash 997053 $37.75 0.7245 997053 $37.33 0.7233 997053 $37.52 0.7209

Blowdry/Style/Treatment/Extension 444040 $20.91 0.4837 444040 $21.88 0.4817 444040 $21.64 0.4819
Administrative 41860 $26.99 0.6801 41860 $28.40 0.6807 41860 $28.12 0.6809

Nail/Spa/Eye/Misc. 34844 $81.16 0.8262 34844 $81.63 0.826 34844 $81.71 0.826
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Table 13: Wage Changes by Worker Type

Type Wage Change Total Wages Gained/Lost

Haircut/Shave - UNEMPLOYED -100.00% -$600,240
Haircut/Shave - EMPLOYED 17.95% $1,528,205

Color/Highlight/Wash -0.61% -$228,453
Blowdry/Style/Treatment/Extension 3.48% $323,375

Administrative 4.17% $47,154
Nail/Spa/Eye/Misc. 0.68% $19,320

Table 14: Minimum Wage Reorganization Effect on Workers

Reorganization Change

Type Employment Task-Spec. Wage

Haircut/Shave -0.73% 0.12% 0%
Color/Highlight/Wash 0% -0.33% 0.52%

Blowdry/Style/Treatment/Extension 0% 0.03% -1.15%
Administrative 0% 0.03% -1.05%

Nail/Spa/Eye/Misc. 0% -0.00% 0.10%

Table 15: Minimum Wage Reallocation Effect on Workers

Reallocation Change

Type Employment Task-Spec. Wage

Haircut/Shave -5.85% -0.04% 17.95%
Color/Highlight/Wash 0% -0.17% -1.13%

Blowdry/Style/Treatment/Extension 0% -0.40% 4.63%
Administrative 0% 0.09% 5.22%

Nail/Spa/Eye/Misc. 0% -0.03% 0.58%
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Table 16: Elimination of the 4.5% Sales Tax on Salon Services

Statistic Reallocation Reorganization Total

Avg. Price 0.19% 3.82% 4.00%
Avg. Complexity -0.00% 5.53% 5.53%

Avg. Quality 0.00% 10.03% 10.03%
Avg. Hourly Wage 18.32% 1.02% 19.34%

Std. Dev. Wage 22.67% -6.32% 16.35%

Task Specialization 0.90% 0.93% 1.83%
Total Profit 4.32% -0.60% 3.71%

Consumer Welfare -0.18% -0.57% -0.75%
Total Wages 18.32% 1.02% 19.34%

Total Welfare 7.95% 0.06% 8.01%
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A Theoretical Appendix

A.1 Proof of Lemma 1

Demand for a product j is given by:

sj(pj) =
exp(−ρpj + ξj)∑J

j′=0 exp(−ρpj′ + ξj′)

Optimal pricing in a Bertrand Nash equilibrium with single product firms is then
given by:

pj = MCj +
1

ρ(1− sj(pj))

I now follow the arguments laid out in Aravindakshan and Ratchford (2011). We can
re-write the above as:

pj = cj +
1

ρ(1− exp(−ρpj+ξj)

exp(−ρpj+ξj)+
∑

j′ ̸=j exp(−ρpj′+ξj′ )
)

Re-write again:

pj = cj +
1

ρ
+

exp(−ρpj + ξj)

ρ
∑

j′ ̸=j exp(−ρpj′ + ξj′)

Multiply by ρ and subtract ξj :

ρpj − ξj = ρcj + 1 +
exp(−ρpj + ξj)∑

j′ ̸=j exp(−ρpj′ + ξj′)
− ξj

Now denote:
Ej =

∑
j′ ̸=j

exp(−ρpj′ + ξj′)

exp(−ρpj + ξj)

Ej

+ ξj − ρpj = −1− ρcj + ξj

exp

(
exp(ξj − ρpj)

Ej

)
exp

(
ξj − ρpj

)
E−1

j = exp

(
− 1 + ξj − ρcj

)
E−1

j

Denote:
W̃ = exp

(
ξj − ρpj

)
E−1

j
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Then the expression becomes:

W̃eW̃ = exp

(
− 1 + ξj − ρcj

)
E−1

j

Everything on the right is exogenous, and the left is the form required by Lambert’s W,
so we have that the W̃ which solves is given by Lambert’s W function of the right hand
side by definition. Thus optimal price solves:

W

(
exp

(
− 1 + ξj − ρcj

)
E−1

j

)
= exp

(
ξj − ρpj

)
E−1

j

A property of this function is that log(W (x)) = log(x)−W (x). Using this we have that:

−1 + ξj − ρcj − log(Ej)−W

(
exp

(
− 1 + ξj − ρcj

)
E−1

j

)
= ξj − ρpj − log(Ej)

Solving for the optimal price:

1

ρ
+ cj + ρ−1W

(
exp

(
− 1 + ξj − ρcj

)
E−1

j

)
= p∗j (9)

This is a closed-form expression for price, because Ej does not depend on pj . Plugging
this into profit gives:

πj =
ρ−1exp(−1 + ξj − ρcj −W (exp(−1 + ξj − ρcj)E

−1
j )

exp(−1 + ξj − ρcj −W (exp(−1 + ρ−1ξj − ρcj)E
−1
j ) + Ej

(1+W (exp(−1+ξj−ρcj)E
−1
j )

Note that profit depends only on the sum of quality less adjusted marginal cost, ξj − ρcj .
Denote this vj , and re-write:

πj =
ρ−1exp(−1 + vj −W (exp(−1 + vj)E

−1
j )

exp(−1 + vj −W (exp(−1 + vj)E
−1
j ) + Ej

(1 +W (exp(−1 + vj)E
−1
j )

Profit consists of two positive terms. The second term is known to be monotone increasing
in vj because the Lambert’s W function is monotone increasing. The first term is essen-
tially vj −W (exp(−1+vj)E

−1
j ) composed within the logistic function, a strictly increasing

function. Thus if vj −W (exp(−1 + vj)E
−1
j ) is increasing in vj profit is increasing in vj . To
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do this, we appeal to the well-known result that the derivative of W can be written as:

W ′(x) =
W (x)

(1 +W (x))x

Using this, we have that:

∂vj −W (exp(−1 + vj)E
−1
j )

∂vj
= 1−W ′(exp(−1 + vj)E

−1
j )exp(−1 + vj)E

−1
j

= 1−
W (exp(−1 + vj)E

−1
j )

exp(−1 + vj)E
−1
j (1 +W (exp(−1 + vj)E

−1
j ))

exp(−1 + vj)E
−1
j

= 1−
W (exp(−1 + vj)E

−1
j )

1 +W (exp(−1 + vj)E
−1
j )

W is postive over the positive real numbers, so this derivative is non-negative. It is also
strictly positive. To see why note that W can only be 0 if exp(−1 + vj)E

−1
j ) is 0. This

cannot be because the space of qualities is bounded for all firms: the maximum achievable
quality is θH (this occurs when the firm hires only high type workers and assigns them
perfectly to their respective specialties) and the minimum price for all firms is 0, so E is
never infinite and exp(−1 + vj) is never 0. Thus the second term is strictly less than one,
so the overall derivative is strictly positive. Therefore profit is strictly increasing in cost-
adjusted quality, vj . We can relate vj to quality-adjusted marginal cost in the following
way:

MCj − ρ−1ξj = −ρvj

Therefore profit with optimal pricing is strictly decreasing in quality-adjusted marginal
cost.

A.2 Proof of Proposition 1 and 2

We have already shown in Theorem 1 that optimal B also solves a rate-distortion prob-
lem. In this problem, distortion is adjusted wages less quality. Considering the optimal
organization complexity (I) for each quality-adjusted wages (denote it D), we know from
information theory that this function is continuous, convex and strictly decreasing in D

above some upper bound (Chen, n.d.). At some threshold D̄ I(D) becomes 0. Suppose we
are below this threshold. Then we have that we can write the firm’s problem as solving:

min
D

γI(D) +D
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The first-order condition of this problem is:

γI ′(D) + 1 = 0 =⇒ I ′(D) = −γ−1

We notice that because I(D) is a rate-distortion function it is decreasing and convex. Thus
the D∗ which solves the FOC will be increasing in γ, as depicted in Figure 6. Since D∗ is
increasing in γ, I will be decreasing in γ, because I is strictly decreasing in D because it is
a rate-distortion function.

For profit and output, apply the envelope theorem to γI(D) +D:

∂

∂γ
γI(D∗) +D∗ = I(D∗)

This is positive whenever D∗ is below some threshold or equivalently whenever com-
plexity is positive. Profit and market share are both decreasing functions of this quantity.
Thus profit and output are decreasing in γ.

A.3 Proof of Proposition 3

For the purposes of this proof only, we define hi,k as the fraction of task k performed by
worker i. Then the optimal job of worker i is given by:

hi,k =
Ei

Z(k, λ)
exp

(
− λ(ρwi − θi,k)

)
Summing over i, we have that:

∑
i

hi,k =
1

Z(k, λ)

∑
i

Eiexp

(
− λ(ρwi − θi,k)

)
= 1

Therefore:
Z(k, λ) =

∑
i

Eiexp(−λ(ρwi − θiδ
I{κi ̸=k}))

Therefore:
hi,k =

eiexp(λ(−ρwi + θi,k))∑
i′ ei′exp(λ(−ρwi′ + θi,k))

Substituting the value for λ:

hi,k =
Eiexp(−γ−1wi + (ργ)−1θi,k))∑
i′ Ei′exp(−γ−1wi′ + (ργ)−1θi′,k))
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By the definition fo hi,k, we have that:

Bi,k = αkhi,k

To get to jobs, we divide by Ei:

bi,k = Bi,k/Ei = αk/Eihi,k =
αkexp(−γ−1wi + (ργ)−1θi,k))∑
i′ Ei′exp(−γ−1wi′ + (ργ)−1θi′,k))

This illustrates that optimal jobs take a multinomial logit form. We can also derive this
result by applying Theorem 1 from Matêjka and McKay (2015).

The fact that all hired worker types spend a positive amount of time on each task is a
direct application of Lemma 1 from Jung et al. (2019). Uniqueness comes from assumption
1, which allows me to apply the result from Caplin and Dean (2013). An increase in the
wage corresponds to a decrease in the “pay-off” to the firm of using workers of type i

in all tasks (states of the world in the rational inattention literature). This means I can
apply Proposition 3 from Matêjka and McKay (2015) to say that an increase in wi leads to
a decrease in ei all else constant. We can even say this decrease is strict whenever initially
the share of worker i is strictly interior, i.e. 0 < ei < 1.

A.4 Proof of Proposition 6

Equation 9 from an earlier proof provides a closed-form expression for price in any Nash
Equilibrium under logit demand:

1

ρ
+ cj + ρ−1W

(
exp

(
− 1 + ξj − ρcj

)
E−1

j

)
= p∗j

Taking the derivative w.r.t. cj :

∂p∗j
∂cj

= 1− exp

(
− 1 + ξj − ρcj

)
E−1

j W ′
(
exp

(
− 1 + ξj − ρcj

)
E−1

j

)
A property of the LambertW function is that:

W ′(x) =
W (x)

(1 +W (x))x

Thus we can simplify the expression to be:

∂p∗j
∂cj

= 1−
W (exp[−1 + ξj − ρcj]E

−1
j )

1 +W (exp[−1 + ξj − ρcj]E
−1
j )
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The LambertW function is weakly positive for values which are weakly positive, there-
fore the derivative is positive, and we have that price is decreasing in cost. The firm
minimizes cost:

min
B∈B

γI(Bj) +W (Bj)

This is again a rate-distortion problem. Denoting optimal wage-bill as D := W (B∗
j ), we

can reformulate the problem as before, as the firm choosing D given some optimal orga-
nizaiton cost and wage bill:

min
D

γI(D) +W (D)

where we have re-written I and W to be functions of D instead of Bj . Then as before we
have that the cross-partial derivative is negative:

∂γI(D) +W (D)

∂D∂γ
= I ′(D) < 0

with strict inequality whenever I(D) is strictly positive. This establishes strict decreas-
ing differences of D in γ, thus D is strictly decreasing in γ, and since I(D) is a strictly de-
creasing function, it is also strictly decreasing in γ. Therefore we have that prices should
be decreasing as γ decreases, while complexity should be increasing.

A.5 Proof of Proposition 5

As the text states, the proof will consist of three parts. Throughout the firm index j is
suppressed. First, we prove that observed organization complexity based on worker
identities is equal to unobserved true complexity based on worker skill sets. Consider
the augmented model proposed in Section 7.1. In particular, recall that workers with
different labor supplies match to firms by some unspecified matching process. Then we
prove the below result:

Lemma 3 All workers with the same skill-set are assigned the same distribution of tasks regardless
of their labor supply.

Proof. In Tian (2019) it is shown that mutual information is strictly distraction free. I will
use this in the proof.

Suppose for the sake of contradiction the firm assigned two workers of the same skill
set different distributions of tasks. Consider a different assignment of work such that the
same amount of each task is accomplished, and both workers still are assigned the same
total amount of work. Such a assignment always exists: we can just take the total time
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spent in each task by both workers and split it based on effective units of labor. By the
strict distraction free property of mutual information, this new assignment reduces orga-
nizational costs. Notice that this does not impact the wage bill, since both workers have
the same wage. Also, it does not impact quality because the total amount of each task
accomplished remains the same, and both workers have the same skill set. Thus quality-
adjusted cost strictly decreased, so profit strictly decreased, contradicting optimality of
the original assignment. Therefore all workers with the same skill set are assigned the
same distribution of tasks regardless of their effective units of labor.

This lemma means that the firm treats workers with different labor supplies but the
same skill sets as if they are a single, aggregate worker. Denote worker identities as in-
dexed by n and worker skill sets by i. Denote the organizational structure over worker
identities as B̃. Then we have that:

B̃n,k∑
k′ B̃n,k′

=
Bi,k∑
k′ Bi,k′

∀i, k s.t. θn = θi

Because total amount of each task is fixedc at αk:∑
n′

B̃n′,k = αk =
∑
i′

Bi′,k

Plugging these into organization complexity:

I(B̃) =
∑
n,k

B̃n,klog

(
B̃n,k∑

k′ B̃n,k′
∑

n′ B̃n′,k

)
=
∑
n,k

∑
i

Bi,k

∑
k′ B̃n,k′∑

k′ Bi,k′
I{θn = θi}log

(
Bi,k∑

k′ Bi,k′
∑

i′ Bi′,k

)

Rearranging a bit:

=
∑
i,k

Bi,k∑
k′ Bi,k′

log

(
Bi,k∑

k′ Bi,k′
∑

i′ Bi′,k

)∑
n,k′

B̃n,k′I{θn = θi}

Note that the total sum of all B̃n,k of the same skill set is exactly Ei which is exactly
equal to

∑
k′ Bi,k′ :

=
∑
i,k

Bi,k∑
k′ Bi,k′

log

(
Bi,k∑

k′ Bi,k′
∑

i′ Bi′,k

)∑
k′

Bi,k′ =
∑
i,k

Bi,klog

(
Bi,k∑

k′ Bi,k′
∑

i′ Bi′,k

)
= I(B)

Therefore organization complexity based on worker identities is equal to organization
complexity based on worker skill sets. Since we observe identities, this implies that we
can compute organization complexity as the mutual information between worker identi-
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ties and tasks.
Second, we appeal to Proposition 2 to say that organization complexity is strictly de-

creasing in γ, implying a one-to-one mapping whenever Ω is known and I > 0. Third,
we appeal to the equivalence with a rate-distortion problem to say that we can find the
firm’s optimal organizational structure, Bj using the Blahut-Arimoto algorithm.

A.6 Welfare

Preferences take a random utility form with Type 1 extreme value distribution for the
horizontal taste heterogeneity ϵi,j in the population. I assumed throughout that this het-
erogeneity is distributed i.i.d. across consumers and alternatives. Therefore expected
utility of consumer i has the well-known closed form:

Vi = E[max
j

{ξj − ρpj + ϵi,j}] = ln

[ J∑
j=1

exp

(
ξj − ρpj

)]
+ C

where C is Euler’s Constant. There are a mass M of consumers, therefore total consumer
expected utility is M · Vi.22 We then can denominate this in dollar terms by dividing by
the coefficient on price, ρ. Our measure of total consumer welfare in dollar terms is:

CS =
M

ρ

{
ln

[ J∑
j=1

exp

(
ξj − ρpj

)]
+ C

}

With a sales tax τ , it is:

CS =
M

ρ

{
ln

[ J∑
j=1

exp

(
ξj − ρ(1 + τ)pj

)]
+ C

}

Total welfare is measured as the sum of consumer surplus, firm profits and worker
wages. This assumes an additive welfare function which weights all consumers, firms,
and workers equally.

A.7 Organization Complexity As Task-Specialization

This section illustrates that the organizational cost of the firm is proportional to a measure
of average task-specialization. To see this, first define a job as a vector, where component

22. This assumes an additive welfare function which gives equal weight to all consumers.
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k is the fraction of a worker’s total labor spent performing task k:

bi(k) =
B(i, k)

Ei

We can measure the specialization of any job by comparing it to a benchmark “generalist
job.” I define the generalist job as the job where all workers are assigned exactly the task-
mix:

bGj (k) = αk

Notice that under this assumption each worker is working as a miniature version of the
firm itself. There is no sense in which a worker needs a coworker in order to produce
output. With these two concepts in hand we have the following result.

Proposition 7 Optimal organization cost I(B∗
j ) is the weighted-average Kullback-Leibler diver-

gence between the jobs at a firm and the firm’s generalist job bGj (k), where the weights are the share
of each worker type.

Proof. Using the definition of mutual information, we can write out attention cost as:

I(Bj) =
∑
i,k

B(i, k)log

(
B(i, k)∑

k′ B(i, k′)
∑

i′ B(i′, k)

)
=
∑
i,k

Ei
B(i, k)

Ei

log

(
B(i, k)

Eiαk

)
=
∑
i

Ei

∑
k

bi(k)log

(
bi(k)

αk

)
=
∑
i

Ei

∑
k

bi(k)log

(
bi(k)

bGj (k)

)
=
∑
i

EiDKL(bi||bGj )

This can also be proved more quickly using the well-known fact that mutual information
is the expected K-L divergence of the conditionals with respect to a marginal distribution.
An implication of this result is that assuming mutual information organization costs is
then isomorphic to assuming the cost of an organization structure is proportional to its
distance from the generalist structure.

In this sense, we are assuming “task-specialization” is costly. On the other hand, the
mapping from complexity to task-specialization is not exact. The firm in principle could
have a worker spend all of their time on two tasks. Whenever the task-mix is uniform,
this is complex, in the sense that is far form the generalist job. However, this is not a
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specialized job, since the worker is doing two tasks that may or may not be tasks they are
particularly skilled at performing.

A.8 Quality and Price Competition Logit Demand

Elements of the proof of Theorem 1 imply a more general result for oligopoly games with
quality and price competition and per-unit quality costs. Suppose there are J firms which
compete by choosing prices (pj) and qualities (ξj) simultaneously. Denote the total cost of
firm j as: Cj(q, ξj). Suppose total cost is multiplicatively separable in the following way:

Assumption 1 Total costs take the form:

Cj(q, ξj) = q · cj(ξj)

where cj(ξj) is a strictly increasing, convex function.

There are a mass 1 of consumers interested in purchasing at most one of the J final
products. Consumer z’s utility for good j is represented by the following utility function:

uz,j = aj + ξj − ρpj + ϵz,j

where ϵz,j is distributed i.i.d. Type-1 extreme value across consumers and products and
ρ > 0. aj represents exogenous quality. Then optimal quality solves:

max
ξj

ξj − ρcj(ξj)

Therefore we have the following result:

Proposition 8 In the unique equilibrium, qualities for all firms are given by:

c′j(ξ
∗
j ) =

1

ρ

Thus, while prices depend on the actions of other firms, equilibrium qualities depend
only on consumer price sensitivity. This result also implies that the equilibrium is robust
to timing. Suppose the game is sequential: firms first choose quality and then price.
Regardless of the pricing strategies of the other firms, every firm will choose ξ∗j . This
result appears to come from the fact that quality and price are perfect substitutes for
consumers.
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A.9 A Microfoundation for the Organization Complexity Measure

The main text of the paper provides several reasons why the mutual information between
tasks and worker types is a reasonable measure of organization costs. Still, a reader may
wonder why we can call the mutual information “organization complexity”, and if there
is a deeper reason why mutual information should be used as the cost function. This
section provides such a microfoundation.

Suppose the process of producing each unit of the final product consists of T steps.
Each step is a type of task k = 1, ..., K that is randomly drawn i.i.d. from the task-mix α.
Denote the random vector of task-types XT . A firm must choose a business plan, which
consists of task categorization system fT and an employee handbook gT , which assigns
task categories to workers. fT is a vector-valued function which maps every possible
combination of T tasks to an index, where without loss we say the index is of the form
{1, 2, ..., 2T ·I}. gT is a function which maps this index back into a vector of length T where
element t specifies which worker type (i = 1, ..., N ) does task t. The firm pays the wage
cost as before. Average quality is similar to before, but with more notation:

T∑
t=1

Pr(XT = xT )T−1
∑
i

θxT
i ,gT (ft(xT ))

The complexity of the business plan is the number of contingencies that need to be written
in the employee handbook per step:

log2(2
T ·I)/T = I

Organization cost is than complexity times the firm-specific organization cost coeffi-
cient γj Equivalence to a rate-distortion problem allows us to say that as T → ∞, opti-
mal Bj from the original problem approximates the organization complexity and quality-
adjusted wages which maximize profit in this more general problem. Put another way,
each optimal Bj approximates the optimal business plan. This is quite interesting be-
cause the business plan is an even more complicated object than Bj , as it provides an
assignment of tasks to workers for every possible realized set of tasks. Additionally, we
can think of I(Bj) as measuring the length of the business plan needed to implement a
certain organization structure. This is why we call I(Bj) complexity.
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B Empirical Appendix

B.1 Task Classification Process: Further Details

A cosmetologist was hired to categorize 20,560 service descriptions. The cosmetologist
was hired via UpWork and paid $1,500 for the entire job. As part of the agreement, the
person provided a picture of their cosmetology license. This information is available upon
request.

The cosmetologist was provided with a blank spread sheet with predefined subcat-
egories. The cosmetologist was instructed to mark all categories which a description
matched with a one. they were instructed that some subcategories may not be mutu-
ally exclusive, so they should mark all that applied. The description of what I asked the
cosmetologist to do is given verbatim here:

I have a list of approx. 20,560 short descriptions of salon services (mainly hair salons,
but also some nail/spas). I would like someone with knowledge of the industry to
mark whether each descriptions fits into one of several categories (male/female ser-
vice, coloring, cutting, highlighting, washing, etc). This amounts to putting a 1 in each
column that fits the description.

In a follow-up message I further clarified:

Here are the descriptions. I did the first few to give you a sense of the task. Basically
read the description and then put a 1 in all categories that fit. Sometimes a description
may match many, sometimes 1, rarely none. If you start reading them and see that it
may be worth adding a separate category let me know. The idea though is to capture
the core ”tasks” or services performed at hair salons, like cut, color, highlight, style,
etc and also to get some info on gender and typos.

After the first draft, I checked the work, looking for any mistakes or missed descrip-
tions and sent the document back to the cosmetologist several times for revision. A sam-
ple from the final spreadsheet is displayed in Figure 18.
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Figure 18: Final Task Sub-Categorization Spreadsheet from Cosmetologist

The subcategories are very detailed. To reduce these to six tasks, I hired the same
cosmetologist again. I paid the person $100 to classify the subcategories into six task
categories. The description of what I asked the cosmetologist to do is given verbatim
here:

Please categorize the 13 tasks from before into ”groups.” For the 6 group column, put
the 13 tasks into 6 groups that are most similar in terms of who would do them/tasks
they would require. for example, if color and highlight are similar, mark both as
number 1. Number the groups 1 through 6. For the four group column, make 4
groups, etc. Underneath, please write a small note describing why you put the tasks
together the way you did.

The final categories in their original spreadsheet are provided in Figure 19. The cos-
metologist’s reasons for grouping subcategories together are provided underneath the
appropriate column.
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Figure 19: Final Task Sub-Categorization Spreadsheet from Cosmetologist

B.2 An Alternative Task Category Generation Process

The main analysis in this paper relies on professionally categorized descriptions. This
section describes an alternative natural language processing approach used to generate
task categories. This process has the benefit of being less labor intensive and not reliant on
human judgment. It has the disadvantage of making certain types of classification errors.
Much of the analysis in this paper was originally done using this method, and the rela-
tionships between revenue and organizational complexity is robust to the classification
method used.

In order to minimize issues related to spelling and grammar, I clean the descriptions
using standard natural language pre-processing techniques. This reduces issues related
to spelling errors. Some descriptions contain only punctuation, symbols or “stop words”
and as a result are removed from the analysis.
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To group descriptions into tasks, I use a hierarchical clustering method where the
only choices are the number of categories and the measure of distance. I set the number
of categories to be four and the distance measure to be the euclidean distance.23 Figure 20
presents word clouds which capture the most common words appearing in each category.
The size of a word in the cloud is roughly proportional to the number of times the word
appeared in a unique description.

(a) Task 1: “Highlight” N= 1,217,502 (b) Task 2: “Haircut” N=4,308,585

(c) Task 3: “Blowdry” N=3,633,095 (d) Task 4: “Color” N= 1,378,195

Figure 20: Tasks Generated from Hierarchical Clustering

23. The quality-specialization relationship which inspired this paper is robust to both the number of cat-
egories and the distance metric.
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The four tasks roughly correspond to three services: coloring (’single process’), hair
cutting, blow drying and highlighting.24

B.3 Firm Size and Complexity Associations: Raw

(a) Revenue ($) (b) Employees

(c) Utilized Labor (minutes) (d) Unique Customers

(e) Customer Visits

Figure 21: Organization Complexity and Firm Size

B.4 Task Content Variance Decomposition

With the estimated model, we can study the determinants of the task content of hair salon
jobs in Manhattan. As a first step, we can decompose the variation in task content into
a worker and firm component. Using the distribution of model generated jobs, we can

24. This is born out in the word clouds, but also if one looks at the modal description in each category.
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write:
bj(i, k) = b̄(i, k) + (bj(i, k)− b̄(i, k))

I then adapt the method used by Song et al. (2019) to my setting. Fixing k and taking
the distribution to be weighted by effective units of labor, we can then decompose the
variance into a worker type component and a within-worker type component, where
recall ωi is the share of total labor represented by workers of skill set i:

V ari,j(bj(i, k)) = V ari(b̄(i, k)) +
∑
i

ωiV arj(bj(i, k)|i)

However, because bj(i, k) is generated by the structural model, and we are considering a
single labor and product market, the within-type component comes entirely from varia-
tion in firm attributes. Therefore we have decomposed the total variance in task content
into a worker and firm component. Dividing through by V ari,j(bj(i, k)), Table 10 shows
the share of variance due to each component. For the main tasks (cut, color, blow dry)
between 8 and 22 percent of variation in job task content is attributable to firms.

B.5 The Full Distribution of Task Content

We can also go beyond the variance and compare the entire distribution of model and
observed job task content. This is a strong test of the model, because we observe 509
stylists in Manhattan during 2021Q2 (the estimation period), and we are asking the model
to match their jobs using only firm-based moments. Figure 22 plots the two distributions
for each of the six tasks. Although the match is not perfect, the model is able to replicate
important features of the data. As an example, in panel b, we can see that the fraction of
time stylists spend on the coloring task is tri-modal in the data, with peaks at 0%, 40%
and 90%. The model is able to approximate this pattern with a bimodal distribution, with
a wide first peak that merges the 0% and 40% observed in the data.
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(a) Hair/Shave Task (b) Color/Highlight/Wash Task

(c) Extension Task (d) Blowdry/Style/Treatment Task

(e) Administrative Task (f) Nail/Spa/Eye/Misc. Task

Figure 22: Model (Red) vs. Observed (Blue) Job Task Content in Manhattan

B.6 Counterfactual Procedures

B.6.1 General Procedure

The general procedure used in all counterfactuals is as follows.

1. Weight each firm such that the observed total market share matches the share of
people purchasing some amount of hair salon services in the Consumer Expenditure
Survey. This means that each Manhattan salon in the data is assumed to represent
23 salons.25

25. It is necessary to weight firms for counterfactual analysis but not estimation. This is because during
estimation we fix an equilibrium, but in counterfactuals we must find a new equilibrium, and firm pricing
strategies depend on the number of other firms in the market.
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2. Compute the implied total labor supply of each worker skill set by summing all
labor demands at initial wages over all firms.

3. Make the relevant parameter changes that correspond to the counterfactual.

4. Guess wages.

5. If I allow internal reorganization, use the Blahut-Arimoto algorithm described in
the estimation procedure to solve for each firm’s organization structure. Otherwise
maintain the same organization structure for each firm.

6. Given organization structures, qualities and costs of all firms are now known. Com-
pute optimal pricing by iterating on each firm’s best response pricing function until
convergence.

7. Check labor market clearing by comparing the new labor demands to the total la-
bor supply computed in step 3. If supply and demand for each type match, exit.
Otherwise, return to step 4 and guess a new wage vector.

I assume that the exogenous quality (νj) and exogenous marginal cost (ϕj) remain the
same in the counterfactual analyses. To solve for market clearing wages, I minimize the
sum of squared excess labor demand. I use the L-BFGS-B routine and stop only when the
objective is less than 0.1. This corresponds to a very close match between labor supply
and demand. I found it more efficient to use a minimization routine because the labor
demands of each worker type depend in a complex manner on the entire vector of wages.
So although each labor demand is monotone decreasing in own-wage, since firms can use
other worker types as substitutes, we cannot simply find each of the six market clearing
wages sequentially.

Total welfare is defined as the sum of total wages, consumer welfare and total profit.
Task specialization is defined as the total amount of labor spent on worker’s specialty
tasks. Reported average prices, qualities and complexities are at the firm-level, and are
not weighted by market share. Wage statistics are weighted by the labor supply of each
worker type.

B.6.2 Minimum Wage Technical Issues

For the minimum wage counterfactuals, it is necessary to discuss two additional technical
issues: the numeraire good and multiple equilibria.

The numeraire good in my model is the outside option, which is not getting a hair-
cut. I normalized its utility to be 0 in the random utility framework developed earlier.
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Wages are estimated using observed prices and hours, so they can be interpreted directly
as nominal wages, or the wages we discuss in everyday language. When considering a
counterfactual minimum wage increase to $30, I require equilibrium wages to be at or
above $30, without any transformations. This is valid under the partial equilibrium as-
sumption that the value of not getting a haircut remains the same before and after the
minimum wage increase. In general equilibrium models, counterfactual minimum wage
changes must be implemented more carefully (for example, Haanwinckel (2020b)).

In general, a minimum wage can result in multiple equilibria. To insure that there are
not multiple equilibria, I solve the model under every possible permutation of binding
minimum wages. That is, I assume the minimum wage binds for worker types 1 and 2
only, 1,2 and 3 only, etc. With 6 worker types, this amounts to solving the model 26 = 64

times. Each time I solve the model, I fix the wages of the binding types at $30, and then
solve for the wages of the other types which clear the labor market for only those other
types. After, I check three things:

1. Worker types with non-binding wages have wages greater than $30.

2. Worker types with binding minimum wages have excess labor supply.

Any solution which passes this check is considered a valid equilibrium. For example, for
the case when the minimum wage is binding only for type 1, I set type 1’s wage to $30 up
front, then solve for the other 5 wages which clear the market for the other five types. I
then check that types 1 through 6 have wages above $30 and type 1’s excess labor supply
is positive.

This process indicates there is a unique equilibrium in both counterfactuals. For both
the full adjustment and no adjustment counterfactual, only one of the 64 cases satisfies the
checks as a valid equilibrium. One additional case in the full adjustment counterfactual
never converged, meaning I could not find wages clear the labor market for the non-
binding worker types.
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B.7 Job-Level Heterogeneity

Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max

Share Haircut/Shave 62,671 0.387 0.344 0.000 0.008 0.669 1.000
Share Color/Highlight/Wash/Extensions 62,586 0.371 0.322 0.000 0.025 0.599 1.000
Share Blowdry/Style/Treatment 62,564 0.102 0.162 0.000 0.008 0.124 1.000
Share Administrative 62,702 0.061 0.168 0.000 0.000 0.027 1.000
Share Nail/Spa/Eye/Misc. 63,012 0.076 0.227 0.000 0.000 0.010 1.000

Table 17: Job Task-Mix

Figure 23: The Job Task-Mix Distribution
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