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Abstract
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1 Introduction

The size and productivity of firms differ widely across countries. In developing countries, the

business landscape is characterized by small, informal, and less productive firms, and few

large firms. Across Europe, small firms are more frequent in southern countries. Differences

in firm size and productivity have direct implications for aggregate total factor productivity

and output, so understanding the causes of these differences is essential when designing

growth policies.1

Literature on firm size distribution highlights several causes. Cabral and Mata [2003]

and Erosa [2001] argue that financial frictions restrain the growth of firms.2 Hsieh and

Klenow [2009] consider how distortions affecting marginal products of labor and capital lead

to a departure from an efficient firm size distribution. Other explanations rely on policy

aspects (e.g., Guner et al. [2008]), institutions (e.g., Grobovs̆ec [2013]), or managerial tech-

nology (e.g., Poschke [2011]). Antunes and Cavalcanti [2007] and Amaral and Quintin [2006]

highlight the role of informality in Latin America. Empirical studies suggest that these expla-

nations are all relevant, with limited access to credit, labor market regulations, corruption,

and entry costs having a positive influence on informality, and a negative influence on firm

size (see Loayza [1997], Chong and Gradstein [2007], or Johnson et al. [1998]).

We propose a novel mechanism to explain firm size differences across countries. We argue

that fewer educated individuals lead to a landscape of small and unproductive firms. We first

investigate the link between education and firm size using data from two leading surveys: the

Enterprise survey and the Global Entrepreneurship Monitor survey. We find that average

firm size is positively related to the percentage of workers with secondary education rather

than the share of college educated. This result is robust to the inclusion of a variety of

different controls regarding financial development or institutional quality.

Since Lucas [1988], the idea that education is important for economic growth has received a

lot of attention. Our model proposes an additional micro-channel by which education affects

productivity – the occupational choice of low educated individuals and their managerial

talent. The intuition behind this mechanism is depicted in Figure 1. Consider first a world

where the distribution of managerial ability is independent of education. Individuals with

1See IDB [2010] or Lora et al. [2001] for evidence on firm size distributions in Latin America, and Davis
and Henrekson [1999] or Kumar et al. [2001] for firm size distributions in Europe. Braguinsky et al. [2011]
find that the shrinking size of firms in Portugal is linked to the country’s reduced aggregate productivity.

2See the survey by Buera et al. [2015] for more references.
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Figure 1: Increase in educational attainment and occupational choices
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more education earn higher wages, and they thus face higher opportunity costs of setting up

their own firm. The threshold of managerial ability for becoming an entrepreneur is hence

higher for more educated individuals. A country with a large share of primary educated will

thus have a large number of entrepreneurs with lower managerial ability. In this situation,

an increase in educational attainment will have two effects. On the one hand, there will

be more individuals with a higher threshold for becoming an entrepreneur, increasing the

ability of the average entrepreneur. On the other hand, as wages and thus profits change,

managerial thresholds for all education groups will shift; something that can strengthen or

weaken the first effect. Furthermore, one can envision that workers with more education

could draw their managerial ability from a better distribution which might further amplify

the positive effects of education on firm size.

We set up a model to quantify these effects. Agents in our model economy are endowed

with an education level (primary, secondary, or tertiary) and a managerial ability. More

educated individuals draw their managerial ability from a better distribution. According to

their education and managerial ability, agents decide whether to become entrepreneurs or

workers. Production requires capital, unskilled labor, and skilled labor, aggregated in a CES

production function, similar to Krusell et al. [2000]. Considering three education groups,
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we depart from the standard dichotomy of unskilled and skilled labor in the production

function. To reconcile the two approaches we assume the following setting. Workers with

primary education only carry out unskilled jobs. Workers with tertiary education perform

skilled jobs. Workers with secondary education can carry out unskilled jobs better than

workers with primary education but they also perform skilled jobs, albeit not as well as

college graduates.

We calibrate our model to match US current data and the time series of US college and

high-school premia. We follow the approach of existing literature and use Latin America

as a case study, comparing the United States and Mexico. Within our model, differences

in educational endowments between the two countries explain about 37% and 36% of the

differences in average firm size and GDP per capita respectively. Occupational choices, and

managerial talent that depends on an individual’s education amplify the effect of differences

in education on productivity and output. The GDP per capita difference in our model is 6

percent larger compared to the one generated in a model with a single representative firm.

Using educational attainment data for over 100 countries, our model is able to replicate

the empirical relationship between average firm size and educational attainment and, in

particular, the stronger relationship with the share of secondary educated individuals.

Our model also has time-series implications. Since the late 1970’s, average firm size in the

United States has stayed fairly constant, despite a strong increase in educational attainment.

The model is able to replicate this fact. The positive effect of education on firm size is

counteracted by the fall in the price of capital.

We then use our model to highlight the additional effects on firm size and productivity that

arise from a skill-bias in public employment. Hamermesh [1996] (chapter 10) argues that

public employment biased towards more educated individuals can hinder economic develop-

ment. While several studies consider the effects of public employment with homogeneous

workers (e.g., Finn [1998] in an RBC model or Gomes [2014a] in a search and matching

model), only few focus on the distinct effects across skill levels. In particular, Domeij and

Ljungqvist [2006] find that the expansion of the Swedish public sector, that hired more low-

skilled workers, can explain the difference in the evolution of the skill premium between the

United States and Sweden. Cavalcanti and Rodrigues dos Santos [2014] propose a model

where well paid public sector jobs distort occupational choices of individuals as well as firms’

input choices, leading to sizable output losses. While we do not model the choice between

public and private sector employment explicitly, we analyze the implications of the public
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sector as an absorber of skills. In line with Hamermesh [1996], we find that skill-biased

public employment alters firms’ input choices towards less capital and skilled labor and to-

wards more unskilled workers. However, we also find that taking into account the effect of

public employment on entrepreneurship is crucial. In our model, public employment and its

bias towards skilled workers actually raises firm size. Because by hiring more workers, the

public sector pushes wages up, affecting occupational choices of the marginal entrepreneurs

who before ran smaller firms and now chose paid employment. This result is in line with

findings in Cavalcanti and Rodrigues dos Santos [2014] who show how a reduction in public

employment increases entrepreneurship.

To the best of our knowledge ours is the first paper to empirically establish the importance of

intermediate levels of education for firm size and to propose a model that is able to generate

this relationship. Closely related to the current paper is Roys and Seshadri [2014] who focus

on how occupational choice and human capital accumulation decisions amplify the effect of

education on firm size, productivity, and development. Different from the current paper, the

authors abstain from modeling capital-skill complementarity and educational wage premia

but focus on wage premia paid by larger firms instead.

The remainder of this paper is organized as follows. Section 2 presents the empirical evidence

on the relationship between the educational level of a country’s workforce and average firm

size. Section 3 describes the model and Section 4 the calibration strategy. Then, Section 5

presents and discusses the results. In Section 6 we conduct our policy experiments focusing

on the skill bias in public employment, after which Section 7 concludes.

2 Firm size distribution and educational attainment

We investigate the relationship between education and firm size using data from two sur-

veys: the World Bank Enterprise Survey and the Global Entrepreneurship Monitor survey.

The Enterprise Survey has gathered data on 130,000 non-agricultural firms in 135 emerging

markets and developing economies since 2002. The survey only samples firms with five or

more employees. It collects information on the characteristics of the firm (at the plant-level)

and its business conditions. For a detailed description of the survey and its advantages see

Garćıa-Santana and Ramos [2015]. We construct the average firm size for each country,

using the variable “Average Number of Permanent, Full Time Workers”.
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Figure 2: Firm size and fraction of secondary educated population
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(b) Global Entrepreneurship Survey

We also use data from the Global Entrepreneurship Monitor (GEM) survey. This survey is

conducted by the London Business School and Babson College, and it covers more than 50

countries. The GEM survey captures mainly small and informal firms. Hence, by focusing

on the left tail of the firm size distribution, it complements well the Enterprise survey. A

more detailed description of this survey can be found in Poschke [2011]; for a comparison

with other surveys see Garćıa-Santana and Ramos [2015]. From the GEM survey we use the

variable “average firm size,” calculated by Poschke [2011] for the period 2001–2005.

As our main exercise we run a cross-country regression of the log of average firm size on

educational attainment. We consider two measures of educational attainment: completed

secondary education and some college, and completed tertiary education. Our data for

educational attainment are from Barro and Lee [2013].

In our baseline regression we include as controls the log of the population and the log

of GDP per capita taken from the Penn World Tables. GDP per capita captures many

other elements that potentially correlate with firm size, like financial development or the

quality of institutions. Nevertheless, we carry out extensive robustness checks - including into

our baseline regression indicators for institutional quality and variables related to financial

development. We report these additional results in Appendix I.

Figure 2 shows the unconditional correlation between average firm size (in logs) and the

fraction of the population with secondary education. We observe a strong positive correlation

in both surveys. Table 1 shows the results from our main regression. Column (1) presents

results when we only include the fraction of secondary and tertiary educated individuals.
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Table 1: Average employment per firm and educational attainment

Enterprise survey GEM survey

(1) (2) (3) (1) (2) (3)

Secondary education 0.015*** 0.009** 0.019*** 0.012**

(3.12) (2.14) (3.24) (2.29)

Tertiary education 0.006 0.003 0.006 -0.004

(0.41) (0.25) (0.45) (-0.35)

Income per capita 0.201*** 0.282*** 0.323** 0.494***

(2.96) (4.20) (2.58 (3.33)

Population 0.136*** 0.130*** -0.375*** -0.537***

(3.50) (3.25) (-3.17) (-3.92)

Observations 104 100 100 44 44 44

R-squared 0.164 0.316 0.284 0.275 0.427 0.353
Notes: Data on educational attainment of the population over the age of 25 are from the Barro-Lee
dataset for 2005. Tertiary education refers to the fraction of the population that has a college degree.
Secondary education refers to the fraction of the population that has completed high school but does not
hold a college degree. Data on population and income per capita are from the Penn World Tables. For the
Enterprise survey, we compute the log of a country’s average firm size. For the Global Entrepreneurship
Monitor survey, we use the log of a country’s average firm employment, as calculated by Poschke [2011].
The t-statistics are shown in brackets.*** indicates significance at the 1% level, ** indicates significance
at 5% level, and * indicates significance at the 10% level.

In both surveys, only the coefficient on the former is significant at the 1 percent level. In

columns (2) and (3) we add the log of GDP per capita and population and, in turn, each

measure of educational attainment.

The R-squared measures indicate that educational attainment can account for 18-28% of the

variation in average firm size across countries. In particular, average firm size turns out to be

positively related to the fraction of the population that has completed secondary education,

but not to the fraction of college graduates. The coefficient for the share of secondary

educated is statistically significant at the 5 percent level and has a similar magnitude in

both data sets – around 0.01. This implies that in a country where 65% of the population

have secondary education (e.g. Germany), average firm size is 27% larger compared to a

country with only 38% secondary educated (e.g. Italy). We also run a regression of the

dispersion in firm size (calculated using standard errors) on educational attainment; see

Table A10 in Appendix I. We find a positive correlation between the dispersion in firm size

and the fraction of secondary educated workers. This is in line with Poschke [2011] who

finds dispersion in firm size to increase with economic development. Our results suggest that

for average firm size (and dispersion), what matters most is the pool of workers with an

intermediate level of education (i.e., completed secondary education or some college).
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3 Model

We build a model economy à la Lucas [1978], comprising a single representative household

and a government. The household is made up of a continuum of members with different levels

of education e, with e = p, s, t. A fraction, p, of individuals has primary education, a fraction,

s, has completed secondary education, and a fraction, t, has completed tertiary education,

with p+ s+ t = 1. According to their educational level and managerial abilities, household

members become either workers or entrepreneurs. Entrepreneurs produce a homogeneous

good by using unskilled labor, skilled labor, capital, and their ability as inputs. A household

decides about levels of consumption and savings, given the joint income of all household

members.

Household The household maximizes the infinite sum of discounted utilities given by

∞∑
t=0

βtlog(Ct), (1)

where Ct denotes total household consumption at time t and β ∈ (0, 1) is the discount factor.

The household’s total size is normalized to unity. Since we focus on steady states and for

expositional clarity, we omit the time subscript, t, from the description of the model.

Endowments Each household member has one unit of productive time that he/she sup-

plies inelastically. Household members differ in their level of education e and managerial

ability, zi, distributed in Z = [0, z], and with cdf Fe(zi) and density fe(zi) depending on an

individual’s level of education. The household assigns occupations to its members depending

on their abilities and education. They can become either workers or entrepreneurs. Man-

agerial ability of the marginal entrepreneur of primary, secondary or tertiary education is

denoted by z∗,p, z∗,s, and z∗,t respectively.

Production Each entrepreneur, i, has access to the same technology, rents capital, and

hires different types of workers. Workers with primary education are hired as unskilled

workers, np,i, and workers with a university degree are hired as skilled labor, ht,i. Finally,

workers with a high school diploma can be hired for unskilled work, ns,i, or for skilled work,
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hs,i. Firms produce a single good according to the following CES production function

yi = f(np,i, ns,i, hs,i, ht,i, ki) = Az
(1−γ)
i [µ(Xn

i )σ + (1− µ)[λ(qki)
ρ + (1− λ)(Xh

i )ρ]
σ
ρ ]

γ
σ , (2)

where ρ and σ govern the elasticities of substitution between inputs. Total factor productivity

(TFP) is denoted by A, and q denotes the relative productivity of capital goods (or the

inverse of their relative price). The production function differs from Krusell et al. [2000] in

two main aspects. First, γ ∈ (0, 1) is the span-of-control parameter. The scale of production

is increasing in the enhanced span-of-control (i.e., the entrepreneur’s ability, zi). Second,

the unskilled and skilled labor inputs, Xn
i and Xh

i , respectively, are aggregations of workers

with different education levels, given by:

Xn
i = ((εnnp,i)

ψn + (ns,i)
ψn)

1
ψn (3)

Xh
i = ((εhhs,i)

ψh + (ht,i)
ψh)

1

ψh , (4)

where 1/(1 − ψn) and 1/(1 − ψh) are the elasticities of substitution between workers with

different education levels within unskilled and skilled labor respectively. If ψn = 1 (ψh = 1)

then primary (secondary) and secondary (tertiary) educated workers are perfect substitutes

for carrying out unskilled (skilled) jobs. The parameter εn indicates the productivity discount

for workers with primary education relative to those with a high school degree when carrying

out unskilled jobs. Similarly, εh reflects the productivity discount for workers with a high

school degree relative to university graduates performing skilled tasks.

Entrepreneurs Entrepreneurs choose the number of workers, their education, and their

position as unskilled or skilled workers, and capital to maximize their firms’ profits. Given

the production function, they always choose a strictly positive amount of all inputs. Given

the wages per education level (wp, ws, wt) and a rental rate for capital (rk) the entrepreneur’s

problem is given by

max
{np,i,ns,i,hs,i,ht,i,ki}

π(zi) = yi − wpnp,i − wsns,i − wshs,i − wtht,i − rki. (5)

The first-order conditions are:

fnp = wp (6)

fns = f ′hs = ws (7)
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fht = wt (8)

fk = r. (9)

The entrepreneur equates the marginal productivity of each factor to its cost. Combining

the first-order conditions for labor, we can show that:

hs,i
ht,i

=

(
wt(εh)ψ

h

ws

) 1

1−ψh

, (10)

np,i
ns,i

=

(
ws(εn)ψ

n

wp

) 1
1−ψn

. (11)

Firms hire more workers with a high school degree for skilled positions if their productivity

discount is small, and if the college premium is high. For unskilled positions, firms hires

more workers with secondary education if the productivity discount for workers with only

primary education is high and if the high school wage premium is low.

Notice that firms’ profits do not depend directly on the education of the manager, but only

on his/her managerial ability. A second aspect worth noticing is that all firms hire the

same skill mix, independently of their scale. The implication of this is that, in the model,

changes in educational attainment of the population only affect average firm size if the share

of entrepreneurs in the economy is altered.

The Household’s problem The household chooses a level of consumption and savings,

and the optimal occupation for each household member, {C,K ′, z∗,p, z∗,s, z∗,t}, in order to

maximize Equation 1 subject to

C +K ′ = rK(1− τ) + (1− δ)K + (1− τ)[pwpFp(z
∗,p) + swsFs(z

∗,s) + twtFt(z
∗,t) +

+t

∫ z

z∗,t
π(zi, .)ft(z)dz + s

∫ z

z∗,s
π(zi, .)fs(z)dz + p

∫ z

z∗,p
π(zi, .)fp(z)dz],

where π represents a firm’s before-tax profits. The household income includes the capital

income, the wage income, and the profits of its members who are entrepreneurs. All income

is taxed at rate τ , which is used to finance the government’s wage bill. The solution to the

household’s problem is characterized by the following first-order conditions, evaluated at the

steady state:

r =
1

(1− τ)
(
1

β
− 1 + δ), (12)

10



wp = π(z∗,p, .), (13)

ws = π(z∗,s, .). (14)

wt = π(z∗,t, .). (15)

Condition (12) is the standard Euler equation for optimal capital accumulation, which de-

termines the equilibrium interest rate. Conditions (13)–(15) are similar to Lucas’ [1978]

condition for the “marginal’ entrepreneur. Wage payments have to equal the profits indi-

viduals expect to make as entrepreneurs. Household members with primary, secondary, and

tertiary education, and managerial abilities z∗,p, z∗,s and z∗,t, respectively, are indifferent

between working or setting up a firm.

Government The government in this economy hires workers to produce the government

consumption good. It collects taxes on wages, profits, and capital income. The tax rate is

determined to balance the budget, given by

lg[twt + sws + pwp] = τ [rK + wpFp(z
∗,p)p+ wsFs(z

∗,s)s+ wtFt(z
∗,t)t+

p

∫ z

z?,p
π(zi, .)fp(z)dz + s

∫ z

z?,s
π(zi, ; )fs(z)dz + t

∫ z

z?,t
π(zi, ; )ft(z)dz]. (16)

The government chooses the level of public sector employment, lg, and hires workers of each

education level. Contrary to what we know from the data we assume that the public sector

hires the same proportion from each education group. We make this assumption to be able to

better isolate the model’s main mechanism. We relax it when conducting policy experiments

in Section 6. Wages paid by the government are equal to those paid in the private sector, a

common assumption in models with frictionless labor markets.3 Following the convention in

national accounts, government consumption in the model is measured at the cost of factors

and is given by the public sector wage bill g = lg[twt + sws + pwp].

Equilibrium In equilibrium, all five markets must clear: the three labor markets plus

the capital and goods markets. Denote the demand for primary, secondary, tertiary edu-

3Empirical evidence indicates that wages in the public sector are higher than in the private sector, partic-
ularly for low-educated workers; see Gregory and Borland [1999]. In our model, given that the government
always hires an exogenous number of workers, a higher public sector wage would only affect the government’s
wage bill but not its ability to hire; see Gomes [2014b] for a discussion on the effects of different public sector
wage premiums in a model with search and matching frictions. Cavalcanti and Rodrigues dos Santos [2014]
study in detail the role of public sector wages on individuals’ occupational choices.
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cated labor services, and capital by an entrepreneur with ability zi by np,i(zi, w
p, ws, wt, r),

ns,i(zi, w
p, ws, wt, r), hs,i(zi, w

p, ws, wt, r), ht,i(zi, w
p, ws, wt, r), and ki(zi, w

p, ws, wt, r), re-

spectively. For the labor market to clear:

P ≡ Fp(z
∗,p)p = plg + p

∫ z

z∗,p
np,i(zi, w

p, ws, wt, r)fp(z)dz + s

∫ z

z∗,s
np,i(zi, w

p, ws, wt, r)fs(z)dz

+t

∫ z

z∗,t
np,i(zi, w

p, ws, wt, r)ft(z)dz. (17)

The aggregate supply of workers with primary education, P , must equal the sum of labor

demands by all entrepreneurs and the government. For workers with a secondary and tertiary

education, the labor market clears when:

S ≡ Fs(z
∗,s)s = slg + p

∫ z

z∗,p
ns,i(zi, w

p, ws, wt, r)fp(z)dz + p

∫ z

z∗,p
hs,i(zi, w

p, ws, wt, r)fp(z)dz

+s

∫ z

z∗,s
ns,i(zi, w

p, ws, wt, r)fs(z)dz + s

∫ z

z∗,s
hs,i(zi, w

p, ws, wt, r)fs(z)dz +

t

∫ z

z∗,t
ns,i(zi, w

p, ws, wt, r)ft(z)dz + t

∫ z

z∗,t
hs,i(zi, w

p, ws, wt, r)ft(z)dz (18)

and

T ≡ Ft(z
∗,t)t = tlg + p

∫ z

z∗,p
ht,i(zi, w

p, ws, wt, r)fp(z)dz + s

∫ z

z∗,s
ht,i(zi, w

p, ws, wt, r)fs(z)dz

+t

∫ z

z∗,t
ht,i(zi, w

p, ws, wt, r)ft(z)dz. (19)

The market clearing condition for capital is given by:

K = p

∫ z

z∗,p
ki(zi, w

p, ws, wt, r)fp(z)dz + s

∫ z

z∗,s
ki(zi, w

p, ws, wt, r)fs(z)dz

+t

∫ z

z∗,t
ki(zi, w

p, ws, wt, r)ft(z)dz. (20)

With yi(zi, w
p, ws, wt, r) being the supply of goods by any entrepreneur of ability zi, for

market clearing in the goods market, we require

p

∫ z

z∗,p
yi(zi, w

p, ws, wt, r)fp(z)dz + s

∫ z

z∗,s
yi(zi, w

p, ws, wt, r)f s(z)dz

+ t

∫ z

z∗,t
yi(zi, w

p, ws, wt, r)f t(z)dz = C + δK. (21)
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To calculate GDP, we add the government value added to private sector output such that

GDP = C+δK+g. We can now define a competitive equilibrium for the model economy in

steady state. Given a government policy {lg} and a sequence of prices for labor and capital

{wp, ws, wt, r}, a competitive equilibrium is a collection of thresholds {z∗,pz∗,s, z∗,t}, a tax

rate {τ}, and allocations {P, S, T,K ′, C}, such that:

1. {z∗,pz∗,s, z∗,t} solve the household’s problem (i.e., equations (13)–(15) hold);

2. the rental rate is determined by the Euler equation (12);

3. the five markets for goods, capital, primary, secondary, and tertiary labor clear (i.e.,

equations (17)–(21) hold);

4. the tax rate, τ , balances the government’s budget (i.e., equation (16) holds).

4 Calibration

Table 2 displays our chosen parameter values. We first set certain parameters exogenously,

based on available evidence. We fix the discount factor β to 0.96 and the depreciation rate,

δ, to 8%. According to the OECD [2011], in 2008, public employment made up 14.6% of

the US labor force. In our benchmark case, we consider skill-neutral public employment, in

the sense that the government hires the same proportion of primary, secondary, and tertiary

educated as there are in the population. According to data from Barro and Lee [2013] in

2005, the educational composition of the US population age 25 and above was as follows:

31.1%, 58.1%, and 10.9% had tertiary, secondary, and primary education respectively. For

q, the parameter for the technology augmenting capital, we use the inverse of the price of

investment relative to the price of consumption, taken from the FRED database. This ratio

is normalized to 1 for 2005.

The remaining parameters related to the distribution of abilities and the production function

are calibrated to minimize the distance between the model’s statistics and the targets from US

data. Our calibration strategy proceeds in two steps. First we calibrate a slightly modified

economy with only one unique distribution of managerial ability for all three education

groups and thus fewer parameters, see Table A11 in Appendix II. We then use the so-

found parameter values as starting values for the calibration of our full model with three

different distributions for managerial ability. Even though in a general equilibrium model
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Table 2: Baseline calibration

Parameters set exogenously Value Source
Discount factor (β) 0.960 Kydland and Prescott (1982)
Depreciation rate (δ) 0.080 Kydland and Prescott (1982)
Public employment (lg) 0.146 OECD
2000’s

Fraction of primary educated (p00) 0.109 Barro and Lee (2013)
Fraction of secondary educated (s00) 0.581 Barro and Lee (2013)
Fraction of tertiary educated (t00) 0.311 Barro and Lee (2013)
Inverse price of capital 2000’s (q00) 1 Normalization
TFP 2000’s (A00) 1 Normalization

1990’s
Fraction of primary educated 90’s (p90) 0.201 Barro and Lee (2013)
Fraction of secondary educated 90’s (s90) 0.533 Barro and Lee (2013)
Fraction of tertiary educated 90’s(t90) 0.266 Barro and Lee (2013)
Inverse price of capital 90’s (q90) 0.760 FRED Database

1970’s
Fraction of primary educated 70’s (p70) 0.379 Barro and Lee (2013)
Fraction of secondary educated 70’s (s70) 0.497 Barro and Lee (2013)
Fraction of tertiary educated 70’s(t70) 0.124 Barro and Lee (2013)
Inverse price of capital 70’s (q70) 0.510 FRED Database

Calibrated parameters Value Target
Distribution of ability
Shape parameter, tertiary (αt) 1.156 Mean establishment size,
Shape parameter, secondary (αs) 1.007 – entrepreneur secondary educated
Shape parameter, primary (αp) 0.967 – entrepreneur primary educated
Scale parameter (ξ) 0.112 Establishment share (< 10)
Location parameter (θ) 2.027 Establishment share (> 100)

Employment share (> 100)
Production function
Span-of-Control (γ) 0.857 Profit share
Weights

Unskilled labor in production (µ) 0.309 Labor share
Capital in Production (λ) 0.549 Capital-output ratio
Secondary educ. workers in skilled input (εh) 0.613 College premium (2000)
Primary educ. workers in unskilled input (εn) 0.756 High school premium (2000)

Substitutability
Within skilled jobs (ψh) 0.661 College and High school premia 90’s & 70’s
Within unskilled jobs (ψn) 0.667 College and High school premia 90’s & 70’s
Between capital and skilled labor (σ) 0.858 College and High school premia 90’s & 70’s
Between capital and unskilled labour (ρ) -1.120 College and High school premia 90’s & 70’s

Time series
TFP 90s (A90) 0.958 GDP per capita 90’s
TFP 70s (A70) 0.873 GDP per capita 70’s

all parameters affect all targets, we briefly discuss the data moments that each parameter is

most likely to determine.

We take as the empirical counterpart of a unit of production, establishments rather than
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firms. We assume that managerial ability for entrepreneurs of each education group is

distributed according to a Pareto distribution, with scale parameter ξ and location parameter

θ. For each education group the distribution is characterized by a different shape parameter

αi with i = t, s, p. According to the Business Dynamic Statistics of the US Census, mean

establishment size was 17.5. The shape parameter αt for the distribution of tertiary educated

is set to 1.16 to match this number. The Survey of Business Owners (SBO 2007) has

information about firm size and the education of managers. We restrict our sample to firms

with managers who are majority owners. The average size of establishments with primary

and secondary educated entrepreneurs was equal to 50% and 83% of mean size. We set shape

parameters αp and αs to 0.97 and 1.01 to target these numbers. According to the Business

Dynamic Statistics of the US Census, establishments with more than 100 employees make up

2.6% of all establishments. These establishments account for 44.5% of all employment. Small

establishments with fewer than 10 workers make up 70.4% of all establishments. Parameters,

ξ and θ are calibrated to 0.11 and 2.03 respectively. Given that we have five parameters and

six targets, we assign weight 5/6 to these first six targets.

We now turn to the parameters of the production function. The weight of capital in pro-

duction, λ, is 0.55 to target a private capital-output ratio of 2, as established for the United

States in Kamps [2006]. According to Goldin and Katz [2009], the college premium in the

2000 Census was 61% and the high school premium was 31%. To match these numbers, the

relative productivities of secondary to tertiary (εh) and primary to secondary (εn) workers

are calibrated to 0.61 and 0.76 respectively. Between 2005 and the second quarter of 2007,

the average wage compensation made up around 63% of GDP and corporate profits, together

with proprietors’ income, were 13.3% of GDP (Bureau of Economic Analysis). These targets

determine the weight of unskilled labor in production, µ, of 0.31 and the span-of-control

parameter, γ, of 0.86.

As our production function is non-standard, we cannot match the elasticities of substitution

to existing empirical evidence. To calibrate parameters, ρ, σ, ψn, and ψh governing the

elasticities of substitution between skilled and unskilled labor and between the three different

levels of education, we introduce a time series dimension. We target the evolution of the US

college and high school premia at two additional points in time: 1970 and 1990. Between

the 1970’s and the 2000’s, the share of tertiary and secondary educated individuals increased

considerably as did wage premia for both groups. Similar to Krusell et al. [2000] we use the

fall in the relative price of capital together with skill-capital complementarity to replicate

this feature in the data.
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We thus simulate our economy for three periods (2000’s, 90’s, 70’s), adjusting the relative

price of capital, and the educational composition of the population for each decade. We

also estimate relative TFP in the 1990’s and the 1970’s to target GDP per capita in these

decades relative to the 2000’s.

The quantitative predictions of our model depend very much on the elasticities of substitution

between the three inputs to production. Parameters ρ and σ, as well as ψn and ψh determine

these elasticities. We set parameters ψn and ψh to 0.67 and 0.66 respectively. Parameters

ρ and σ are set to -1.12 and 0.86. Our estimated values for ψn and ψh imply elasticities of

substitution of 3 for secondary and primary educated in unskilled jobs and secondary and

tertiary educated in skilled jobs. Our parameter values for σ and ρ imply an elasticity of

substitution between skilled and unskilled labor of 7 and 0.5 for the elasticity of substitution

between capital and skilled labor.

Our parameter values for σ and ρ are different from values in literature, in particular from

those in Krusell et al. [2000]. While our value for σ is quite similar to the one estimated

by Polgreen and Silos [2008] using NIPA data, our value for ρ is much smaller. This is due

to the fact that different from models typically used for estimating values of σ and ρ, our

model includes three educational groups. Due to the fact that in in our model workers with

secondary education can carry out both, skilled and unskilled jobs, our production function

already has some “built-in” substitutability. This implies that as the price of capital and

thus low-skilled wages fall, in our model secondary educated workers can switch from doing

unskilled jobs to carrying out skilled jobs. This channel reduces the pressure on demand for

skilled labor and the rise in skill premia is weakened. Hence, compared to a model with only

two types of skills, our model requires more skill complementarity to be able to match the

observed rise in skill premia.4

Table 3 displays the calibration targets next to the model’s statistics, as well as some ad-

ditional moments that were not targeted. Our model matches the data well, including the

non-targeted moments. We somewhat overestimate the average size of firms run by tertiary

educated individuals but underestimate the fraction of large firms run by them. Once we

target average firm size, the self-employment rate in our model is determined. The model’s

statistic of 5% is somewhat lower than the fraction of self-employed over civilian employment

of 7% as reported by the OECD.

4In Tables A16 to A18 in Appendix II, we present an alternative calibration with a very high elasticity
of substitution within skilled and unskilled jobs (ψn = ψh = 0.976). Such a calibration is unable to capture
the increase in high-school and college premia over time.
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Table 3: Calibration targets and model values

Targeted moments Source Data Model
Mean establishment US Census 17.46 17.57
Relative size establishment primary educated manager SBO(2007) 0.50 0.50
Relative size establishment secondary educated manager SBO(2007) 0.83 0.83
Establishment share, < 10 employees US Census 0.70 0.73
Establishment share, > 100 employees US Census 0.03 0.03
Employment share, > 100 employees US Census 0.45 0.45
Capital-output-ratio Kamps (2006) 2.00 1.99
Profits to GDP BEA 0.13 0.13
Wage bill BEA 0.63 0.63
College Premium 2000 Goldin and Katz 2009 0.61 0.61
College Premium 1990 Goldin and Katz 2009 0.55 0.55
College Premium 1970 Goldin and Katz 2009 0.47 0.46
High School Premium 2000 Goldin and Katz 2009 0.31 0.31
High School Premium 1990 Goldin and Katz 2009 0.28 0.29
High School Premium 1970 Goldin and Katz 2009 0.23 0.23
GDP per capita 1990’s relative to 2000’s BEA 0.82 0.82
GDP per capita 1970’s relative to 2000’s BEA 0.55 0.53

Non-targeted moments Source Data Model
Relative size establishment tertiary educated manager SBO(2007) 1.27 1.90
Employment share, < 10 employees US Census 0.15 0.19
Employment share, 20− 99 employees US Census 0.30 0.25
Establishment share, 20− 99 employees US Census 0.13 0.10
Fraction of large (> 100 employees) firms managed by

tertiary educated SBO(2007) 0.63 0.49
secondary educated SBO(2007) 0.35 0.44
primary educated SBO(2007) 0.02 0.06

Self-employment rate OECD 0.07 0.05

5 Education and firm size

We evaluate the predictive power of our model in a cross-country setting and along the US

time-series dimension. We start by adjusting the US current educational attainment to that

of Mexico to understand how the educational composition of the labor force affects average

firm size and productivity. We also replicate our empirical results from Section 2 by running

the model for a large number of countries, adjusting the educational composition of their

populations, and looking at the model’s predictions for average firm size. Finally, we consider

the time-series implications of our model for the United States.
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5.1 United States versus Mexico

To evaluate the impact of the supply of skilled labor on firm size and productivity, we compare

our benchmark economy to an identical economy that has the educational attainment of

Mexico. According to data from Barro and Lee [2013] in 2005, the educational composition

of the Mexican population age 25 and above was as follows: 9.1%, 16.0%, and 74.9% had

tertiary, secondary, and primary education respectively.

Table 4 displays the benchmark results for the United States next to those for Mexico. In

the last two columns we show the results from a representative firm model. The level of

education of the Mexican labor force is much lower than that of the US labor force. But

what does this imply for output and, in particular, for firm size and productivity?

In our model, the average firm size in Mexico is 13 - lower than in the US. In the data, the

average firm in Mexico has 5 workers (Instituto Nacional de Estad́ıstica y Geograf́ıa) [2014]).

Hence we can explain around 37% of the difference in average firm size. However, notice

that this number masks two different effects. Holding all entrepreneurial thresholds fixed

at the US level, and hence assuming that in Mexico the same fraction of individuals from

each education group as in the US chooses to set up a firm, we can construct a hypothetical

measure for average firm size in Mexico. This is done by simply weighting those fractions by

the shares of primary, secondary, and tertiary educated in Mexico. Under this assumption

the average firm in Mexico would have 11 workers. However, profits and wages change, and

thus thresholds in Mexico are different. Regarding wages, because skilled workers are much

scarcer in Mexico, wages of secondary and tertiary educated go up by 36% and 21%, while

wages of primary educated fall by 35.6%. On the other hand, and due to the increase in skilled

wages, profits across all levels of managerial ability fall by 36.2%. We hence observe that

all thresholds shift to the right, particularly for secondary and tertiary educated individuals.

This is why, conditional on educational attainment of the entrepreneur, firms in Mexico

are larger than in the US, particularly the average size of firms with a secondary or tertiary

educated manager is twice as large. Nevertheless, average firm size in Mexico is lower because

there are many low ability entrepreneurs who only have primary education: 94% of all firms

and 63% of firms with more than 100 workers are run by primary educated managers.

The different education premia in Mexico drives differences in firms’ input choices. Mexican

workers with a secondary education earn 177% more than primary educated workers. The

college wage premium is only 44% and thus lower than in the United States. These numbers
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Table 4: Results: United States and Mexico

Statistic Baseline Model Representative firm
United States Mexico United States Mexico

Firm size distribution
Mean establishment size

Overall 17.57 12.95 - -
Entrepreneurs with primary education 8.74 10.34 - -
Entrepreneurs with secondary education 14.57 40.15 - -
Entrepreneurs with tertiary education 33.41 69.83 - -

Establishment share, < 10 employees 0.73 0.80 - -
Establishment share, > 100 employees 0.03 0.02 - -
Employment share, < 10 employees 0.19 0.24 - -
Employment share, 20− 99 employees 0.25 0.24 - -
Employment share, > 100 employees 0.45 0.40 - -
Fraction of large firms (> 100 employees) with

Primary educated manager 0.06 0.63 - -
Secondary educated manager 0.44 0.17 - -
Tertiary educated manager 0.49 0.20 - -

Dispersion in establishment size 108.0 100 - -

Entrepreneurship
Share of entrepreneurs 0.05 0.06 - -
Fraction of entrepreneurs with

Primary education 0.19 0.94 - -
Secondary education 0.60 0.04 - -
Tertiary education 0.22 0.02 - -

Threshold to become entrepreneur
Primary education 3.22 3.25 - -
Secondary education 4.22 8.96 - -
Tertiary education 6.81 12.93 - -

Aggregate variables
Private capital-output-ratio 1.99 1.06 2.00 1.02
Profits to GDP 0.13 0.13 0.13 0.13
Wagebill 0.63 0.75 0.63 0.75
College premium 0.61 0.44 0.62 0.43
High-school premium 0.31 1.77 0.30 1.84
College premium of entrepreneurs 1.30 0.74 - -
High-school premium of entrepreneurs 0.66 2.87 - -
Private sector output per worker 181.9 100 180.9 100
GDP per capita 181.7 100 177.2 100
Output per Establishment 246.9 100 - -

Notes: For the representative firm model we use the parameter values for the production function from
our baseline economy.

are in line with empirical evidence. According to López-Acevedo [2001], workers with a

college degree in Mexico earn 53% more than those with an upper secondary education, who

in turn earn 70% more than those with primary education and 170% more than those with
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no schooling. Note that our measure of primary educated also includes individuals without

schooling. Low-skilled labor is thus relatively cheap in Mexico driving firms to substitute

capital by primary educated workers, which leads to a lower capital-output ratio. In line with

empirical findings for the US, reviewed in van der Sluis, van Praag, and Vijverberg [2008],

in our model education premia are higher for entrepreneurs than for workers. Furthermore,

these differences are larger in the US compared to Mexico.

Productivity in Mexico is lower when comparing all measures. More individuals in Mexico

set up firms than in the United States, and more entrepreneurs lower the average managerial

talent. In addition, more entrepreneurs in Mexico only have primary education which leads to

even lower average managerial talent. This is why, private output per worker and GDP—the

sum of private output and the government’s wage bill—are also lower.

In the last part of Table 4 we display aggregate statistics from our model for both countries

and compare them to those generated by a model with a representative firm. In our model,

higher educational attainment in the United States implies that GDP per capita is 82%

higher than in Mexico, compared to a difference of 77% generated by a representative firm

model. Hence, taking into account the effect of education on the firm size distribution

amplifies by 6% the effects of education on GDP. In the data, the ratio of GDP per capita

US-Mexico is 3.23. Hence, differences in educational attainment alone can account for 36%

of the difference in GDP per capita.

In line with our empirical findings, dispersion in establishment size is higher in the US than

in Mexico.

5.2 Cross-country analysis

Using data on educational attainment from Barro and Lee [2013], we test how well the model

is able to replicate the positive cross-country relationship between educational attainment

and average firm size. We restrict our attention to countries that have at least 5 percent of

the population in each of the three educational categories.5

Figure 3 shows the positive relationship between secondary educational attainment and av-

5Having a very small share of one group of workers implies that for this group marginal productivity and
wages skyrocket. To account for these cases, we would have to generalize the model such that all workers
could perform both skilled and unskilled jobs. In such model, when there are very few secondary and tertiary
educated workers, workers with primary education might take over skilled jobs. Similarly, when almost every
worker has tertiary education some of them might perform unskilled jobs.
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Figure 3: Mean firm size and educational attainment in model
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erage firm size in the model. The slope of the regression is 0.0044, compared to 0.01 in our

empirical analysis in Section 2. This confirms that also in our model, secondary education

plays a crucial role for average firm size. The R-squared is 0.63. Adding the fraction of those

with tertiary education to the regression of the log of average firm size on secondary edu-

cation marginally raises the R-squared to 0.64, suggesting a limited contribution of tertiary

education for average firm size.

5.3 United States Time Series

The time series simulation of our model provides additional predictions that can be con-

trasted with data. Table 5 shows the evolution of average firm size in the US and the one

predicted by the model. While during most of the 20th century average firm size in the US

increased, looking at comparable data from the US Census’s Business Dynamic Statistics

available since the late 1970’s, we do not observe any clear trend, with average establish-

ment size fluctuating around 17. In our baseline model where we adjust education and

technology over time, we also do not detect any clear trend in average firm size. However,

this result is the consequence of two opposing forces that offset each other. The positive

effect of education on firm size is counteracted by the fall in the price of capital. In the

third column of Table 5 we display results when fixing technology at its 2005 values and

only changing the educational attainment of the population. Increasing education from its

1970 level to today leads to an increase in firm size by 26%. On the other hand, fixing the
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Table 5: Determinants of the evolution of firm size in the US

Year Data Model
Baseline Only changing education Only changing technology

(P , S and T ) (q and A)
1970 - 18.63 13.90 18.63
1975 - 18.06 14.72 17.91
1980 17.00 17.47 15.37 17.31
1985 16.59 17.03 15.65 16.29
1990 17.11 16.83 15.96 15.58
1995 16.87 16.78 16.35 14.94
2000 18.11 17.00 16.81 14.39
2005 17.47 17.57 17.57 13.90
2010 16.79 17.65 17.65 13.90

Notes: Data on average establishment size are from the US Census’ Business Dynamic Statistics available
since 1977. For the baseline case, we vary the education shares in the population, the relative price of
capital, and TFP estimated for three decades (2000’s, 90’s and 70’s). In the last two columns we change
in turn only the education shares and only the relative price of capital and TFP.

education level in 1970 and only improving technology decreases average firm size by 34%.6

In the presence of capital-skill complementarity, a reduction in the price of capital raises

wages of secondary and tertiary workers by more than profits and hence fewer will become

entrepreneurs. However, primary educated workers do not benefit as much, and given that

profits increase, their entrepreneurial thresholds fall and many will become entrepreneurs. In

the 1970’s primary educated individuals made up almost 40% of the population, and hence

with constant education shares the later effect dominates and average firm size falls.

6 The effects of public employment

The public sector is the largest employer in the economy, both in advanced and developing

economies. Behar and Mok [2013] report that, on average for 194 countries, public sector

employment accounts for 15% of total employment. Besides hiring a large fraction of the

labor force, there is a bias towards skilled workers, equally common in both advanced and

developing economies. Giordano et al. [2011] report that the average share of workers with

a tertiary education is 2.6 times higher in the public than in the private sector in Euro Area

countries, ranging from 1.6 times in Belgium to 4.3 times in Portugal. In the case of Latin

America, Mizala et al. [2010] report that the average years of education in the public sector

are 3 to 6 years higher than in the private sector, while Panizza [2000] finds the public sector

6See Table A12 in Appendix II for a similar table for the model with a unique talent distribution.
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to hire on average 30% of workers with at least secondary education. Assaad [1998] describes

an even larger skill bias in Egypt, where the government hired 70% of females and more than

40% of males with a high school diploma or a university degree.7

Within the framework of our model we can analyze the impact of public employment for

entrepreneurship, firm productivity, and aggregate output. To guide the discussion, let us

write the expression for average firm size in a country as

firm size =
1−% public employment−% entrepreneurs

% entrepreneurs
. (22)

Increasing public employment has a direct negative effect on average firm size because given

a fixed number of firms, there are fewer workers available in the private sector. However,

the total effect on average firm size also depends on the effect on entrepreneurship.

Figure 4 shows how average firm size, the fraction of entrepreneurs in the population, and

GDP vary with the size of the public sector. Perhaps surprisingly, average firm size increases

with the level of public sector employment. By hiring more workers, the public sector pushes

up all wages, affecting occupational choices of the marginal entrepreneurs who now chose

paid employment.

Regarding GDP, public employment only has a small impact. A 15 percentage point increase

in public employment reduces GDP by 2 and 4 percent in Mexico and the US respectively.

GDP includes government consumption which is essentially the government’s wage bill. As

the public sector expands, wages increase and so does government consumption, indepen-

dently of the productivity of public employees or the value of government services.

Figure 4: The effects of skill-neutral public employment

12
14

16
18

20
M

od
el

 fi
rm

 s
iz

e

0 10 20 30 40
% neutral public employment

United States Mexico

Firm size

3
4

5
6

7
8

%
 o

f e
nt

re
pr

en
eu

rs

0 10 20 30 40
% neutral public employment

United States Mexico

% of entrepreneurs

94
96

98
10

0
10

2
10

4
In

de
x 

(1
00

 in
 b

as
el

in
e)

0 10 20 30 40
% neutral public employment

United States Mexico

GDP

Note: vertical line indicates the baseline calibration.

7Note that contrary to our assumption, public employment in the US is also skill-biased. However, as we
show in Table A15 in Appendix II, taking into account the actual educational composition of the US public
sector has only minor effects on firm size.
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Figure 5: The effects of skill-biased public employment
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Note: vertical line indicates the baseline calibration. Increases (decreases) in the share of secondary or
tertiary educated public employees are obtained by reducing (increasing) the share of primary educated. The
low shares of primary educated workers in the US and secondary and tertiary educated workers in Mexico
place a lower and an upper bound on how many primary, secondary, and tertiary educated public sector
workers can be hired.

We now turn to the effects of skill-biased public employment. In this exercise we keep

the overall level of public employment at 14.6%, and we adjust the share of secondary

and tertiary educated public employees, compensating with a change in the public hiring

of primary educated workers. Figure 5 displays the results from this exercise. We find

that increases in the government’s wage bill via overall expansions of the public sector, or

via hiring more skilled workers who earn higher wages have similar effects. Hiring more

secondary or tertiary educated public employees raises firm size, reduces entrepreneurship,

and has a small but negative effect on GDP. In line with Hamermesh [1996], skill-biased

public employment alters firms’ input choices towards less capital and skilled labor and

towards more unskilled workers; see Figures A1 and A2 in Appendix II.

An expansion of the public sector has similar negative effects on GDP as a reduction in

educational attainment. Within a representative firm model both scenarios lead to similar

outcomes. However, within our model we are able to observe that effects on entrepreneurship

and average firm size point into opposite directions. Whereas more public employment

and skill-biased public employment lead to increases in average firm size, lower educational
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attainment in a country is associated with on smaller firms. This is due to the fact that while

public employment affects wages and hence decisions of marginal entrepreneurs, it has little

effect on the overall managerial talent in an economy. Most entrepreneurs will not change

their occupational choice as the public sector expands. While the public sector tends to be

an absorber of skilled workers, contributing to the scarcity of skilled labor, it does not act as

an absorber of managerial talent. On the other hand, a reduction in educational attainment

lowers overall managerial talent.

7 Conclusion

Many alternative mechanisms have been proposed to explain why the business landscape in

developing countries is characterized by small and less productive firms and few large firms.

We find that, empirically, the educational attainment of a country’s population is positively

related to firm size, particularly the fraction of the population that has completed secondary

education. This finding is robust to the inclusion of a variety of financial and institutional

controls which are related to other explanations why firms in some countries are smaller.

In our model economy, a more educated labor force raises firm size and productivity. More

educated workers earn higher wages, which leads to a more select group of entrepreneurs

among educated individuals. Calibrated to the United States, we find that within our model

difference in educational attainment alone have the potential to explain 37% and 36% of the

difference in Mexican and US average firm size and GDP per capita, respectively.

Empirical findings have suggested an important role for secondary education in reducing

income inequality (see Tilak [1989]). Our model proposes a micro mechanism of how a

larger fraction of individuals with secondary education can lead to higher output, lower wage

premiums, and thus lower wage inequality. Regarding public policies, we highlight how their

effect on average firm size depends on the adjustment in entrepreneurship. In particular,

we find that an increase in the public sector’s wage bill – due to an overall expansion or a

skill-bias in public employment – affects occupational choices of the marginal entrepreneurs

who now chose paid employment. Our model thus allows us to measure the effects of public

sector hiring that go beyond those already pointed out by previous studies, such as queuing

or changes in skill premia.

Our model takes the education attainment of the population as given, but has interesting
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implications regarding incentives to accumulate human capital. For instance, we find that

education premia are higher for entrepreneurs than for workers, and that this differences is

larger in the US compared to Mexico. It would require a model with endogenous human

capital formation to address how much differences in wage and entrepreneurial education

premia can account for differences in educational attainment between the two countries.

This suggest that endogeneizing individuals’ human capital accumulation and in particuarl

examining the role of public sector employment on education, could be an interesting road

for further research.
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López-Acevedo, Gladys (2001): “Evolution of Earnings and Rates of Returns to
Education in Mexico,” The World Bank Policy Research Working Papers

Lora, Eduardo; Cortés, Patricia and Ana Maŕıa Herrera (2001): “Los obstáculos
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I - Data

In this section we perform several robustness checks to our main result in Section 2; i.e.
that the average firm size of a country has a positive and significant association with the
fraction of the population with secondary education. We verify the validity of the results
along three dimensions. First, we use the data and baseline specification of another study,
by Garćıa-Santana and Ramos [2015]. Second, we add several institutional and financial
variables to our baseline regression. Third, we use an additional data set from the OECD.
Table A1, displays the additional series that we use.

Table A1: Data used and sources

Variable Description Source
Firm size (ES) Average firm size Enterprise Survey
Firm size (ES*) Average firm size (weighted with population weights) Enterprise Survey
Firm size (GEM) Average firm size Global Entrepreneurship Monitoring
Firm size (OECD) Average firm size OECD
Secondary % of population 25+ that completed high school but not college Barro and Lee
Tertiary % of population 25+ that completed college Barro and Lee
GDP per capita Log of GDP per capita Penn World Tables
Population Log of population Penn World Tables
WBGI1 Control of Corruption World Bank Governance Indicators
WBGI2 Government Effectiveness World Bank Governance Indicators
WBGI3 Political Stability and Absence of Violence/Terrorism World Bank Governance Indicators
WBGI4 Regulatory Quality World Bank Governance Indicators
WBGI5 Rule of Law World Bank Governance Indicators
WBGI6 Voice and Accountability World Bank Governance Indicators
FIN1 Domestic credit to private sector (% of GDP) World Bank
FIN2 Interest rate spread (lending rate minus deposit rate, %) World Bank
FIN3 Commercial bank branches (per 100,000 adults) World Bank
FIN4 Domestic credit provided by financial sector (% of GDP) World Bank
FIN5 Domestic credit to private sector by banks (% of GDP) World Bank
FIN6 Risk premium on lending (lending minus treasury bill rate, %) World Bank
FIN7 Stocks traded, total value (% of GDP) World Bank
Informality % of plants reporting informal firms a main obstacle to growth Garćıa-Santana and Ramos [2015]
Foreign % of foreign firms Garćıa-Santana and Ramos [2015]
Export % of exporting firms Garćıa-Santana and Ramos [2015]
Experience Average years of experience of managers Garćıa-Santana and Ramos [2015]
Distortions Doing business index (normalized) Garćıa-Santana and Ramos [2015]
FinConstraint % of firms in need of capital without credit loan Garćıa-Santana and Ramos [2015]
Taxes % of commercial profits taxes by public adminstration Garćıa-Santana and Ramos [2015]
CostEntry Business start-up costs (% national income per capita) Garćıa-Santana and Ramos [2015]
Cont. Corrupt Control of Corruption Garćıa-Santana and Ramos [2015]

Notes: The Enterprise Survey includes the following countries: Albania, Algeria, Argentina, Armenia,
Bangladesh, Barbados, Belize, Benin, Bolivia, Botswana, Brazil, Bulgaria, Burundi, Cote d’Ivoire, Cambo-
dia, Cameroon, Central African Republic, Chile, China, Colombia, Democratic Republic of Congo, Congo,
Costa Rica, Croatia, Czech Republic, Dominican Republic, Ecuador, Egypt, El Salvador, Estonia, Fiji, Gabon,
Gambia, Germany, Ghana, Greece, Guatemala, Guyana, Honduras, Hungary, India, Indonesia, Iraq, Ire-
land, Jamaica, Jordan, Kazakhstan, Kenya, Korea, Kyrgyz Republic, Lao, Latvia, Lesotho, Liberia, Lithuania,
Malawi, Malaysia, Mali, Mauritania, Mauritius, Mexico, Moldova, Mongolia, Morocco, Mozambique, Namibia,
Nepal, Nicaragua, Niger, Pakistan, Panama, Paraguay, Peru, Philippines, Poland, Portugal, Romania, Russia,
Rwanda, Senegal, Serbia, Sierra Leone, Slovakia, Slovenia, South Africa, Spain, Sri Lanka, Swaziland, Syrian
Arab Republic, Tajikistan, Tanzania, Thailand, Togo, Tonga, Trinidad and Tobago, Turkey, Uganda, Ukraine,
Uruguay, Venezuela, Vietnam, Yemen, Zambia, Zimbabwe. The GEM survey includes the following countries:
Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, China, Taipei, Croatia, Denmark, Finland,
France, Germany, Greece, Hong Kong, Hungary, Iceland, India, Ireland, Israel, Italy, Jamaica, Japan, Ko-
rea, Latvia, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Russia, Singapore, Slovenia, South
Africa, Spain, Sweden, Switzerland, Thailand, Uganda, United Kingdom, United States, Venezuela.
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We start with the data and specification used in Garćıa-Santana and Ramos [2015]. In this
paper, which provides a good description of the Enterprise Survey, the authors regress the
share of employment accounted for by small firms on measures of distortion in the economy
and several controls. We use the exact same variables for our regressions, adding the share
of secondary educated workers and the log of GDP per capita (which they do not include).
These variables include measures of the weight of informality, the percentage of foreign firms,
the percentage of exporting firms, average years of managers’ experience, the World Bank
Doing Business Index and several of its sub-categories (financial constraints, tax burden, cost
of entry, and control of corruption). Garćıa-Santana and Ramos [2015] use the population
weights provided by the Enterprise survey to compute average firm size. In our benchmark
regression, we decided not to use these weights because it implies dropping several countries
from the sample (many of the surveys between 2002 and 2006 do not provide weights). In
this robustness exercise however, we use population weights to compute average firm size
such as to be consistent with Garćıa-Santana and Ramos [2015], and also to show that results
are not influenced by how average firm size is computed.

The results from this exercise are shown in Table A4. Columns (1) and (2) reproduce our
baseline regressions. Using the average firm size calculated with population weights increases,
marginally, the size and significance of the coefficient for the share of secondary educated.
When additional variables are included, the fraction of the population with secondary ed-
ucation remains significant. Out of all other variables, the log of population, the average
years of managers’ experience, the fraction of foreign firms, and several of the sub-categories
of the Doing Business Index show a significant relationship with average firm size.

Our second approach is to introduce a variety of institutional and financial variables into
our baseline regression. Better institutions and more financial development are likely to
be correlated with education as well as with larger firms. To control for the quality of a
country’s institutions which might be correlated with education, we use six of the World
Bank Governance Indicators: Control of Corruption, Government Effectiveness, Political
Stability and Absence of Violence/Terrorism, Regulatory Quality, Rule of Law, and Voice and
Accountability. To control for financial development we consider seven variables, including
the percentage of domestic credit in the economy (and the sector if provided) as well as
different measures of interest rate spreads.

Tables A5 and A6 show the results when using data from the Enterprise Survey, and Tables
A7 and A8 show them for the Global Entrepreneurship Monitor survey. In general, very few
of the variables turn out to be significant. Controlling for the log of GDP per capita already
absorbs much of the effect. Regarding institutional variables, we only estimate a positive
and significant coefficient for “Political Stability” in the Entrepreneurship survey. None of
the variables capturing financial development show any significant relationship with average
firm size. In all cases, the fraction of secondary educated remains significant (except in two
cases when using the GEM survey in which missing data reduces the sample to 32 and 24
observations).

Our third approach is to use average firm size data from the OECD, for 20 developed
countries. The variable used is “Number of persons employed in the population of active
enterprises” for the Total Industry and market services for 2005. In the regressions, shown
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in Table A9 both the fraction of secondary and tertiary educated workers are significant,
although only the first remains significant after including controls. The coefficient has the
same magnitude as in the other regressions.

Finally, we run a regression of the dispersion in firm size (calculated using standard errors)
on educational attainment. Results are shown in Table A10. We find a positive correlation
between the dispersion in firm size and the fraction of secondary educated workers.

Table A2: Average employment per firm and educational attainment, corrected for
heteroskedasticity

Enterprise survey GEM survey

(1) (2) (3) (1) (2) (3)

Secondary education 0.015*** 0.009*** 0.019*** 0.012*

(3.72) (2.63) (3.16) (1.84)

Tertiary education 0.006 0.003 0.006 -0.004

(0.58) (0.25) (0.55) (-0.30)

Income per capita 0.201*** 0.282*** 0.323* 0.494***

(3.27) (4.72) (1.82) (3.33)

Population 0.136*** 0.130*** -0.375** -0.537***

(3.54) (3.17) (-2.49) (-3.92)

Observations 104 100 100 44 44 44

R-squared 0.164 0.316 0.284 0.275 0.427 0.353

Notes: Data on educational attainment of the population over the age of 25 are from the Barro-Lee dataset
for 2005. Tertiary education refers to the fraction of the population that has a college degree. Secondary
education refers to the fraction of the population that has completed high school but does not hold a college
degree. Data on population and income per capita are from the Penn World Tables. For the Enterprise
survey, we compute the log of a country’s average firm size. For the Global Entrepreneurship Monitor
survey, we use the log of the country’s average firm employment, as calculated by Poschke [2011]. The
standard errors are corrected for heteroskedasticity. The t-statistics are shown in brackets.*** indicates
significance at the 1% level, ** indicates significance at 5% level, and * indicates significance at the 10%
level.
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Table A3: Average employment per firm and years of schooling

Enterprise survey GEM survey

(1) (2) (3) (1) (2) (3)

Secondary education 0.011** 0.014**

(2.28) (2.46)

Tertiary education -0.013 -0.013

(-0.85) (-0.97)

Avg. years schooling 0.096*** 0.331*** 0.056 0.305

(2.94) (3.38) (0.82) (0.39)

Avg. years schooling squared -0.0165** -0.013

(-2.54) (-0.72)

Income per capita 0.219*** 0.099 0.068 0.395*** 0.356** 0.316*

(3.08) (1.18) (0.83) (2.71) (2.19) (1.83)

Population 0.142*** 0.151*** 0.149*** -0.439*** -0.402** -0.354**

(3.59) (3.92) (3.99) (-3.24) (-2.54) (-2.05)

Observations 104 100 100 44 44 44

R-squared 0.321 0.342 0.384 0.440 0.365 0.332
Notes: Data on educational attainment of the population over the age of 25 are from the Barro-Lee dataset
for 2005. Tertiary education refers to the fraction of the population that has a college degree. Secondary
education refers to the fraction of the population that has completed high school but does not hold a college
degree. Data on population and income per capita are from the Penn World Tables. For the Enterprise
survey, we compute the log of a country’s average firm size. For the Global Entrepreneurship Monitor
survey, we use the log of the country’s average firm employment, as calculated by Poschke [2011]. The
standard errors are corrected for heteroskedasticity. The t-statistics are shown in brackets.*** indicates
significance at the 1% level, ** indicates significance at 5% level, and * indicates significance at the 10%
level.
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Table A4: Average employment per firm and educational attainment, robustness with data
and specification of Garćıa-Santana and Ramos (2014)

Entrepreneurship Survey (weighted)

(1) (2) (3) (4) (5) (6) (7)

Secondary education 0.012*** 0.012*** 0.012*** 0.010*** 0.009* 0.014*** 0.013***

(2.64) (2.88) (2.87) (2.73) (1.94) (3.31) (3.11)

Tertiary education 0.0157

(1.04)

Income per capita 0.121* -0.011 -0.037 -0.044 -0.007 0.029

(1.82) (-0.14) (-0.54) (-0.54) (-0.10) (0.37)

Population 0.141*** 0.171*** 0.178*** 0.169*** 0.166*** 0.161***

(3.62) (3.89) (4.30) (3.89) (3.82) (3.55)

Informality -0.021 -0.012 0.011 -0.006 -0.030

(-0.65) (-0.42) (0.27) (-0.18) (-0.91)

Export 0.457 0.276 0.623 0.583 0.644

(0.76) (0.53) (1.01) (0.99) (1.05)

Foreign 1.226* 1.205** 1.123* 1.021 1.117

(1.80) (2.04) (1.67) (1.51) (1.62)

Avg. experience 0.037** 0.024 0.039** 0.038** 0.037**

(2.37) (1.62) (2.53) (2.48) (2.31)

Distortion 0.102

(1.44)

Financial constraint -1.205***

(-3.28)

Cost of entry -0.119*

(-1.89)

Taxes -0.170*

(-1.69)

Control Corruption -0.027

(-0.25)

Observations 80 77 77 76 76 77 77

R-squared 0.215 0.362 0.454 0.545 0.467 0.460 0.438
Notes: Data on educational attainment of the population over the age of 25 are from the Barro-Lee
dataset for 2005. Tertiary education refers to the fraction of the population that has a college degree.
Secondary education refers to the fraction of the population that has completed high school but does not
hold a college degree. Data on population and income per capita are from the Penn World Tables. For
the Enterprise survey, we compute the log of a country’s average firm size (calculated using population
weights). The t-statistics are shown in brackets.*** indicates significance at the 1% level, ** indicates
significance at 5% level, and * indicates significance at the 1% level.
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Table A5: Average employment per firm and educational attainment, robustness with
institutional variables

Enterprise Survey

(1) (2) (3) (4) (5) (6)

Secondary education 0.009** 0.009** 0.008** 0.009** 0.009** 0.009**

(2.13) (1.99) (1.98) (1.99) 2.05) (2.13)

Income per capita 0.212** 0.155* 0.148** 0.174** 0.171** 0.209**

(2.56) (1.82) (2.06) (2.11) (2.14) (2.57)

Population 0.134*** 0.134*** 0.178*** 0.138*** 0.139*** 0.134***

(3.47) (3.47) (4.09) (3.53) (3.55) (3.38)

WBGI1 -0.027

(-0.24)

WBGI2 0.104

(0.90)

WBGI3 0.171**

(2.02)

WBGI4 0.064

(0.57)

WBGI5 0.071

(0.70)

WBGI6 -0.016

(0.86)

Observations 100 100 100 100 100 100

R-squared 0.316 0.321 0.344 0.318 0.319 0.316
Data on educational attainment of the population over the age of 25 are from the Barro-Lee dataset for
2005. Secondary education refers to the fraction of the population that has completed high school but does
not hold a college degree. Data on population and income per capita are from the Penn World Tables.
For the Enterprise survey, we compute the log of a country’s average firm size. The remaining variables
are from the World Bank Development Indicators. The t-statistics are shown in brackets.*** indicates
significance at the 1% level, ** indicates significance at 5% level, and * indicates significance at the 1%
level.
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Table A6: Average employment per firm and educational attainment, robustness with
financial development variables

Enterprise Survey

(1) (2) (3) (4) (5) (6) (7)

Secondary education 0.009** 0.009** 0.007* 0.009** 0.009* 0.011* 0.007*

(2.01) (2.15) (1.80) (1.99) (2.01) (1.96) (1.71)

Income per capita 0.174** 0.182** 0.265*** 0.193** 0.170** 0.195* 0.134

(2.29) (2.49) (3.37) (2.73) (2.22) (1.89) (1.63)

Population 0.123*** 0.174*** 0.111*** 0.127*** 0.123*** 0.168*** 0.119***

(3.14) (4.68) (2.68) (3.23) (3.13) (3.00) (2.74)

FIN1 0.002

(0.78)

FIN2 0.002

(0.81)

FIN3 -0.001

(-0.27)

FIN4 0.001

(0.36)

FIN5 0.002

(0.88)

FIN6 0.002

(0.57)

FIN7 -0.002

(-0.64)

Observations 99 82 85 99 99 50 71

R-squared 0.310 0.362 0.379 0.307 0.311 0.346 0.189
Data on educational attainment of the population over the age of 25 are from the Barro-Lee dataset for
2005. Secondary education refers to the fraction of the population that has completed high school but does
not hold a college degree. Data on population and income per capita are from the Penn World Tables.
For the Enterprise survey, we compute the log of a country’s average firm size. The remaining variables
are from the World Bank. The t-statistics are shown in brackets.*** indicates significance at the 1%
level, ** indicates significance at 5% level, and * indicates significance at the 1% level.
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Table A7: Average employment per firm and educational attainment, robustness with
institutional variables

Global Entrepreneurship Monitoring Survey

(1) (2) (3) (4) (5) (6)

Secondary education 0.012** 0.012** 0.013** 0.012** 0.012** 0.013**

(2.16) (2.27) (2.31) (2.22) (2.24) (2.46)

Income per capita 0.416** 0.561*** 0.370** 0.338* 0.451** 0.568***

(2.08) (2.84) (2.47) (1.80) (2.35) (3.78)

Population -0.475** -0.630*** -0.447*** -0.391** -0.512*** -0.648***

(-2.32) (-3.12) (-2.75) (-2.04) (-2.62) (-4.25)

WBGI1 -0.080

(-0.60)

WBGI2 -0.248

(-1.55)

WBGI3 -0.093

(-0.66)

WBGI4 -0.019

(-0.11)

WBGI5 -0.129

(-0.89)

WBGI6 -0.358**

(-2.63)

Observations 43 43 43 43 43 43

R-squared 0.430 0.459 0.431 0.425 0.437 0.514
Notes: Data on educational attainment of the population over the age of 25 are from the Barro-Lee
dataset for 2005. Secondary education refers to the fraction of the population that has completed high
school but does not hold a college degree. Data on population and income per capita are from the Penn
World Tables. For the Global Entrepreneurship Monitor survey, we use the log of the country’s average
firm employment, as calculated by Poschke [2011]. The remaining variables are from the World Bank
Development Indicators. The t-statistics are shown in brackets.*** indicates significance at the 1% level,
** indicates significance at 5% level, and * indicates significance at the 1% level.
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Table A8: Average employment per firm and educational attainment, robustness with
financial development variables

Global Entrepreneurship Monitoring Survey

(1) (2) (3) (4) (5) (6) (7)

Secondary education 0.013** 0.011 0.011* 0.012** 0.013** 0.006 0.012**

(2.27) (1.40) (1.93) (2.21) (2.34) (0.75) (2.11)

Income per capita 0.273 0.240 0.337** 0.357** 0.256 0.439** 0.390**

(1.65) (1.51) (2.27) (2.35) (1.58) (2.58) (2.56)

Population -0.332** -0.289* -0.407** -0.401*** -0.309* -0.527** -0.428***

(-2.20) (-2.20) (-2.70) (-2.95) (1.99) (-2.82) (-3.12)

FIN1 0.001

(0.48)

FIN2 -0.017

(-1.11)

FIN3 0.001

(0.09)

FIN4 -0.001

(-0.41)

FIN5 0.002

(0.69)

FIN6 -0.008

(-0.51)

FIN7 -0.001

(-0.81)

Observations 43 32 40 43 43 24 43

R-squared 0.428 0.384 0.426 0.427 0.432 0.478 0.434
Notes: Data on educational attainment of the population over the age of 25 are from the Barro-Lee
dataset for 2005. Secondary education refers to the fraction of the population that has completed high
school but does not hold a college degree. Data on population and income per capita are from the Penn
World Tables. For the Global Entrepreneurship Monitor survey, we use the log of the country’s average
firm employment, as calculated by Poschke [2011]. The remaining variables are from the World Bank
Development Indicators. The t-statistics are shown in brackets.*** indicates significance at the 1% level,
** indicates significance at 5% level, and * indicates significance at the 1% level.
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Table A9: Average employment per firm and educational attainment, robustness with
OECD data

OECD

(1) (2) (3)

Secondary education 0.009* 0.011*

(1.99) (2.09)

Tertiary education 0.027* 0.027

(1.96) (1.21)

Income per capita 0.229 0.054

(1.30) (1.21)

Population -0.216 -0.105

(-1.08) (-0.39)

Observations 20 16 16

R-squared 0.345 0.351 0.212
Data on educational attainment of the population over the age of 25 are from the Barro-Lee dataset for
2005. Tertiary education refers to the fraction of the population that has a college degree. Secondary
education refers to the fraction of the population that has completed high school but does not hold a
college degree. Data on population and income per capita are from the Penn World Tables. Average
firm size data are from the OECD. The sample includes the following countries: Austria, Belgium,
Bulgaria, Czech Republic, Denmark, Estonia, Finland, Hungary, Italy, Latvia, Lithuania, Luxembourg,
Netherlands, Norway, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden. The t-statistics are shown
in brackets.*** indicates significance at the 1% level, ** indicates significance at 5% level, and * indicates
significance at the 1% level.

Table A10: Standard deviation of employment per firm and educational attainment

Enterprise survey (weighted) GEM survey

(1) (2) (3) (1) (2) (3)

Secondary education 0.698 1.041** 0.400** 0.303*

(1.25) (2.05) (2.22) (1.69)

Tertiary education 2.682 2.444 0.152 0.066

(1.25) (1.63) (0.40) (0.15)

Income per capita 12.753 16.884** 5.126 8.084*

(1.55) (2.23) (1.23) (1.68)

Population 22.831*** 20.173*** -6.230 -9.102*

(4.73) (4.19) (-1.58) (-2.05)

Observations 80 77 77 44 44 44

R-squared 0.127 0.334 0.320 0.157 0.210 0.154
Notes: Data on educational attainment of the population over the age of 25 are from the Barro-Lee
dataset for 2005. Tertiary education refers to the fraction of the population that has a college degree.
Secondary education refers to the fraction of the population that has completed high school but does not
hold a college degree. Data on population and income per capita are from the Penn World Tables. For
the Enterprise survey, we compute the log of the standard deviation of firm size in a country. For the
Global Entrepreneurship Monitor survey, we use the standard deviation of firm employment, as calculated
by Poschke [2011]. The t-statistics are shown in brackets.*** indicates significance at the 1% level, **
indicates significance at 5% level, and * indicates significance at the 1% level.
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II - Additional model results

1) Model with unique distribution In this section we report the calibrated parameters
(fixed parameters are maintained from the baseline calibration) and targeted moments for
the model with a unique distribution of managerial ability for all three education groups.

Table A11: Calibration: Model with unique distribution

Calibrated parameters Target
Shape parameter (α) 1.1009 Mean establishment size
Scale parameter (xmz) 0.0970 Establishment share (< 10)
Location parameter (θ) 1.7067 Establishment share (> 100)

Employment share (> 100)
Span-of-Control (γ) 0.8532 Profit share
Weight of Unskilled Labor in Production (µ) 0.3073 Labor share
Weight of Capital in Production (λ) 0.5419 Capital-output ratio
Relative Productivity of secondary educated workers (εh) 0.6103 College premium
Relative Productivity of primary educated workers( εn) 0.7577 High school premium
Substitutability of secondary educ workers for skilled jobs (ψh) 0.6553 College and High school premia 90’s & 70’s
Substitutability of primary educ workers for unskilled jobs (ψn) 0.6610 College and High school premia 90’s & 70’s
Substitutability of capital and skilled labor (σ) 0.8620 College and High school premia 90’s & 70’s
Substitutability of Capital and Unskilled Factors (ρ) -1.1314 College and High school premia 90’s & 70’s
TFP 90s (A90) 0.9563 GDP per capita 90’s
TFP 70s (A70) 0.8731 GDP per capita 70’s

Table A12: Determinants of the evolution of firm size in the US: Unique Distribution

Year Data Model
Baseline Only changing education Only changing technology

(P , S and T ) (q and A)
1970 - 19.23 15.38 19.23
1975 - 18.11 15.50 18.59
1980 17.00 17.34 15.77 18.04
1985 16.59 16.49 15.50 17.28
1990 17.11 16.04 15.42 16.66
1995 16.87 15.93 15.64 16.15
2000 18.11 15.82 15.73 15.72
2005 17.47 16.15 16.15 15.38
2010 16.79 16.19 16.19 15.38

Notes: Data on average establishment size are from the US Census’ Business Dynamic Statistics available
since 1977. For the baseline case, we vary the education shares in the population, the relative price of
capital, and TFP estimated for three dcades (2000’s, 1990’s and 1970’s). In the last two columns we
change in turn only the education shares and only the relative price of capital and TFP.
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Table A13: Calibration targets and model values for unique talent distribution

Targeted moments Source Data Model
Mean establishment US Census 17.46 16.15
Relative size establishment primary educated manager SBO(2007) 0.50 0.65
Relative size establishment secondary educated manager SBO(2007) 0.83 0.95
Establishment share, < 10 employees US Census 0.70 0.72
Establishment share, > 100 employees US Census 0.03 0.03
Employment share, > 100 employees US Census 0.45 0.38
Capital-output-ratio Kamps (2006) 2.00 1.98
Profits to GDP BEA 0.13 0.13
Wage bill BEA 0.63 0.63
College Premium 2000 Goldin and Katz 2009 0.61 0.61
College Premium 1990 Goldin and Katz 2009 0.55 0.55
College Premium 1970 Goldin and Katz 2009 0.47 0.47
High School Premium 2000 Goldin and Katz 2009 0.31 0.31
High School Premium 1990 Goldin and Katz 2009 0.28 0.29
High School Premium 1970 Goldin and Katz 2009 0.23 0.23
GDP per capita 1990’s relative to 2000’s BEA 0.82 0.83
GDP per capita 1970’s relative to 2000’s BEA 0.55 0.54

Non-targeted moments Source Data Model
Relative size establishment tertiary educated manager SBO(2007) 1.27 1.58
Employment share, < 10 employees US Census 0.15 0.20
Employment share, 20− 99 employees US Census 0.30 0.29
Establishment share, 20− 99 employees US Census 0.13 0.11
Fraction of large (> 100 employees) firms managed by

tertiary educated SBO(2007) 0.63 0.31
secondary educated SBO(2007) 0.35 0.58
primary educated SBO(2007) 0.02 0.11

Self-employment rate Hipple (2010) 0.109 0.05
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Table A14: Results: United States and Mexico: Model with unique talent distribution

US Mexico

Firm size distribution
Mean establishment size

Overall 16.15 15.33
Entrepreneurs with primary education 10.52 13.29
Entrepreneurs with secondary education 15.26 38.32
Entrepreneurs with tertiary education 25.57 51.67

Establishment share, < 10 employees 0.72 0.73
Establishment share, > 100 employees 0.03 0.02
Employment share, < 10 employees 0.20 0.19
Employment share, 20− 99 employees 0.29 0.30
Employment share, > 100 employees 0.38 0.39
Fraction of large firms (> 100 employees) with

Primary educated manager 0.11 0.75
Secondary educated manager 0.58 0.16
Tertiary educated manager 0.31 0.09

Dispersion in establishment size 100.00 100.74

Entrepreneurship
Share of entrepreneurs 0.05 0.05
Fraction of entrepreneurs with

Primary education 0.19 0.93
Secondary education 0.63 0.05
Tertiary education 0.17 0.02

Threshold to become entrepreneur
Primary education 2.93 3.45
Secondary education 3.85 9.64
Tertiary education 6.19 13.81

Aggregate variables
Private capital-output-ratio 1.98 1.03
Profits to GDP 0.13 0.13
Wagebill 0.63 0.75
College premium 0.61 0.43
High-school premium 0.31 1.80
College premium of entrepreneurs 0.67 0.35
High-school premium of entrepreneurs 0.45 1.88
Private sector output per worker 100.00 56.10
GDP per capita 100.00 57.04
Output per Establishment 100.00 53.07
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2) Additional Results Skill-Biased Pulic Employment

Figure A1: The effects of skill-biased public employment on skilled-unskilled labor ratio
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Note: vertical line indicates the baseline calibration. Increases (decreases) in the share of secondary or
tertiary educated public employees are obtained by reducing (increasing) the share of primary educated. The
low shares of primary educated workers in the US and secondary and tertiary educated workers in Mexico
place a lower and an upper bound on how many primary, secondary, and tertiary educated public sector
workers can be hired.

Figure A2: The effects of skill-biased public employment on capital-output ratio
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Note: vertical line indicates the baseline calibration. Increases (decreases) in the share of secondary or
tertiary educated public employees are obtained by reducing (increasing) the share of primary educated. The
low shares of primary educated workers in the US and secondary and tertiary educated workers in Mexico
place a lower and an upper bound on how many primary, secondary, and tertiary educated public sector
workers can be hired.
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Table A15: US with biased public sector employment

US US
baseline biased

Public employees

Overall 0.146 0.146
Primary educated 0.109 0.028
Secondary educated 0.581 0.464
Tertiary educated 0.311 0.507

Firm size distribution
Mean establishment size
Overall 17.57 17.90
Entrepreneurs with primary education 8.73 8.79
Entrepreneurs with secondary education 14.56 14.74
Entrepreneurs with tertiary education 33.39 35.35
Establishment share, < 10 employees 0.73 0.72
Establishment share, > 100 employees 0.03 0.03
Employment share, < 10 employees 0.19 0.18
Employment share, 20-99 employees 0.25 0.25
Employment share, > 100 employees 0.45 0.45
Fraction of large firms (> 100 employees) with
Primary educated manager 0.06 0.06
Secondary educated manager 0.44 0.44
Tertiary educated manager 0.49 0.49
Dispersion in establishment size 180.85 183.00

Entrepreneurship

Share of entrepreneurs 0.05 0.05
Fraction of entrepreneurs with
Primary education 0.19 0.19
Secondary education 0.60 0.60
Tertiary education 0.22 0.21
Threshold to become entrepreneur
Primary education 3.22 3.22
Secondary education 4.22 4.24
Tertiary education 6.81 7.16

Aggregate variables

Private capital-output-ratio 1.99 1.96
Profits to GDP 0.13 0.13
Wagebill 0.63 0.64
College premium 0.61 0.69
High-school premium 0.31 0.32
College premium of entrepreneurs 1.29 1.40
High-school premium of entrepreneurs 0.67 0.68
Private sector output per worker 0.88 0.87
GDP per capita 0.84 0.83
Output per Establishment 16.51 16.40
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3) Results with high substitutability between education groups

In this section we report the calibrated parameters (fixed parameters are maintained from
the baseline calibration) and targeted moments for the model when parameters ψn and ψh

are fixed at 0.976.

Table A16: Calibration: Model with high substitutability between education groups;
ψn = ψh = 0.976

Calibrated parameters Target
Shape parameter, tertiary (αt) 1.149 Mean establishment size,
Shape parameter, secondary (αs) 1.005 – entrepreneur secondary educated
Shape parameter, primary (αp) 0.962 – entrepreneur primary educated
Scale parameter (ξ) 0.112 Establishment share (< 10)
Location parameter (θ) 1.982 Establishment share (> 100)

Employment share (> 100)
Production function
Span-of-Control (γ) 0.855 Profit share
Weights

Unskilled labor in production (µ) 0.310 Labor share
Capital in Production (λ) 0.548 Capital-output ratio
Secondary educ. workers in skilled input (εh) 0.619 College premium (2000)
Primary educ. workers in unskilled input (εn) 0.765 High school premium (2000)

Substitutability
Between capital and skilled labor (σ) 0.856 College and High school premia 90’s & 70’s
Between capital and unskilled labour (ρ) -1.124 College and High school premia 90’s & 70’s

Time series
TFP 90s (A90) 0.957 GDP per capita 90’s
TFP 70s (A70) 0.873 GDP per capita 70’s
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Table A17: Calibration targets and model values: Model with high substitutability
between education groups; ψn = ψh = 0.976

Targeted moments Source Data Model
Mean establishment US Census 17.46 17.60
Relative size establishment primary educated manager SBO(2007) 0.50 0.50
Relative size establishment secondary educated manager SBO(2007) 0.83 0.83
Establishment share, < 10 employees US Census 0.70 0.72
Establishment share, > 100 employees US Census 0.03 0.03
Employment share, > 100 employees US Census 0.45 0.45
Capital-output-ratio Kamps (2006) 2.00 1.94
Profits to GDP BEA 0.13 0.13
Wage bill BEA 0.63 0.6328
College Premium 2000 Goldin and Katz 2009 0.61 0.62
College Premium 1990 Goldin and Katz 2009 0.55 0.61
College Premium 1970 Goldin and Katz 2009 0.47 0.60
High School Premium 2000 Goldin and Katz 2009 0.31 0.301
High School Premium 1990 Goldin and Katz 2009 0.28 0.30
High School Premium 1970 Goldin and Katz 2009 0.23 0.30
GDP per capita 1990’s relative to 2000’s BEA 0.82 0.82
GDP per capita 1970’s relative to 2000’s BEA 0.55 0.52

Non-targeted moments Source Data Model
Relative size establishment tertiary educated manager SBO(2007) 1.27 1.89
Employment share, < 10 employees US Census 0.15 0.19
Employment share, 20− 99 employees US Census 0.30 0.25
Establishment share, 20− 99 employees US Census 0.13 0.11
Fraction of large (> 100 employees) firms managed by

tertiary educated SBO(2007) 0.63 0.49
secondary educated SBO(2007) 0.35 0.45
primary educated SBO(2007) 0.02 0.06

Self-employment rate Hipple (2010) 0.109 0.05
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Table A18: Results: United States and Mexico; Model with high substitutability between
education groups; ψn = ψh = 0.976

US Mexico

Firm size distribution
Mean establishment size

Overall 17.60 15.26
Entrepreneurs with primary education 8.80 12.29
Entrepreneurs with secondary education 14.63 32.63
Entrepreneurs with tertiary education 33.30 64.98

Establishment share, < 10 employees 0.72 0.76
Establishment share, > 100 employees 0.03 0.02
Employment share, < 10 employees 0.19 0.22
Employment share, 20− 99 employees 0.25 0.25
Employment share, > 100 employees 0.45 0.41
Fraction of large firms (> 100 employees) with

Primary educated manager 0.06 0.63
Secondary educated manager 0.45 0.17
Tertiary educated manager 0.49 0.20

Dispersion in establishment size 100.00 99.60

Entrepreneurship
Share of entrepreneurs
Fraction of entrepreneurs with

Primary education 0.18 0.90
Secondary education 0.60 0.07
Tertiary education 0.22 0.03

Threshold to become entrepreneur
Primary education 3.20 3.48
Secondary education 4.19 6.98
Tertiary education 6.77 11.30

Aggregate variables
Private capital-output-ratio 1.94 1.11
Profits to GDP 0.13 0.13
Wagebill 0.63 0.74
College premium 0.62 0.62
High-school premium 0.31 1.00
College premium of entrepreneurs 1.28 0.99
High-school premium of entrepreneurs 0.66 1.66
Private sector output per worker 100.00 60.42
GDP per capita 100.00 61.02
Output per Establishment 100.00 52.37


	Introduction
	Firm size distribution and educational attainment
	Model
	Calibration
	Education and firm size
	United States versus Mexico
	Cross-country analysis
	United States Time Series

	The effects of public employment
	Conclusion
	References

