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Abstract

We model the joint production of entrepreneurs and workers where the former provide both
entrepreneurial (strategic) and managerial (coordination, motivation) services, and management services
are shared with individual workers in an output maximizing way. The static equilibrium of the model
determines the endogenous share of entrepreneurs in the economy in a given moment of time. The time
dynamics of the solution implies that a given growth rate in quality of entreprencurial services contributes
to productivity growth proportionally to the share of entrepreneurs at the start of the period and
improvement in quality of entrepreneurial services is convergence enhancing. Model predictions are
tested with data from OECD countries in the period 1970-2002. We find that improvements in quality of
entrepreneurial services over time explain up to 100% of observed average productivity growth in these
countries.
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Introduction. -

Although there are many logical arguments that link entrepreneurial activity with
economic growth of the nations, and many countries deploy expensive policy actions to
foster entrepreneurial initiatives, we are far from convincing theoretical analysis and
empirical evidence that supports the thinking and policy initiatives. This paper presents
a stylized theoretical model on entrepreneurship and productive efficiency, together
with new empirical evidence about the relationship between entrepreneurship and
economic growth in OECD country members in the period 1970 to 2002. We report a
positive association between productivity growth of the countries and proportion of
entrepreneurs in their working population at the beginning of the period. The strength of
this association increases when controlling for difference in productivity level, also at
the beginning of the period, and controlling for country individual fixed effects. So,
ceteris paribus, productivity growth is higher in countries with larger entrepreneurial
base. The evidence can be explained by the fact that countries with a broader base of
entrepreneurs benefit relatively more from improvements in quality of entrepreneurial

services over time.

Drawing from early papers by Lucas (1978) and Rosen (1982) we model a production
process that combines entrepreneurial and direct labor services in an output maximizing
way. The model allows for differences in the quality of entrepreneurial services relative
to the quality of services from direct workers. Higher quality of entrepreneurial services
affects output in two ways, better “strategic” decisions that increase the productivity of
the organization as a whole, for example product or process innovations; and better
“managerial” decisions that improve efficiency through better coordination and
supervision of direct workers. Profit maximization behavior of firms and equilibrium
conditions in the supply and demand of labor determine the equilibrium share of
entrepreneurs of the economy. The solution to the static economic model provides
insights on how to compare entrepreneurship and economic development in a cross
section of countries and a given moment of time. Next, we model productivity and
productivity growth and show that the two variables can be written as a function of
variables related with entrepreneurial capital, such as proportion of entrepreneurs in the
labor population, quality of entrepreneurial services and improvements in this quality

over time.



The empirical analysis models productivity growth in OECD countries as a function of
start of the period share of entrepreneurs in the country and other control variables. The
coefficient of the share of entrepreneurs’ variable measures the average rate of
improvement across countries in the quality of entrepreneurial services over time. We
find that the contribution of relative improvement in quality of entrepreneurial services
can explain from 50% to over 100%, depending upon the model specifications, of the
accumulative average rate of GDP growth in the OECD countries along a twenty five
years period. This contribution only accounts for the positive effect in total factor

productivity growth due to more effective managerial function of the entrepreneurs.

Entrepreneurs perform specialized functions that directly or indirectly must contribute
to output and growth, Baumol (1968, 2004). The list of entrepreneurial activities
reported in the literature includes, innovation and creative destruction, Schumpeter
(1934), Acs and Audretsch (1990); new firms creation and resulting increasing
competition, Nickel et al (1997), Callejon and Segarra (1999); matching supply and
demand, Kirzner (1979); input co-ordination, Coase (1937); monitoring the quality of
inputs in team production, Alchian and Demsetz (1972); risk taking, Knight (1921),
Kihlstrom and Laffont (1979). But with few exceptions, for example Schmitz (1989),
entrepreneurship is not explicitly incorporated into the theoretical models of economic
growth, missing the opportunity to get better insights about how to proceed in the

empirical analysis'.

The model presented in this paper provides an explanation, alternative to spill over
effects of Schmitz (1989), to why productivity growth will be positively associated with
share of entrepreneurs at the beginning of the period. Second, it provides theoretical
foundations for some observed regularities on the relationship between entrepreneurial
variables and economic development, for example the negative association between
share of entrepreneurs and countries’ income per capita reported in some empirical
papers, Kuznets (1971), which can not be explained from Schmitz’s (1989) formulation.

Third, it provides robust empirical evidence that quality in entrepreneurial services can

" Acs and Storey (2004) provide an overview of recent empirical literature on entrepreneurship and
economic development and raise several methodological issues on how research is performed. Their
conclusion is that we are far away from a theoretical framework that can support sound empirical analysis
on entrepreneurship and economic growth.



be an important source of productivity growth through a more effective “visible hand”
role of entrepreneurs in coordinating and motivating other factors of production. The
results of the paper suggest that managerial services from entrepreneurs can be a source
of economic growth as important as pure entrepreneurial services, even though
conventional wisdom in entrepreneurship research gives far more importance to the

later than to the former.

The rest of the paper is organized as follows. Section 2 presents the basic theoretical
model of the neo-classical firm with entrepreneurial inputs in which entrepreneurs
perform two functions, set the strategy and manage the internal workings of firms.
Section 3 extends the model to allow for capital inputs and to explain productivity and
productivity growth over time. Section 4 revises some of the existing empirical
literature on entrepreneurship and growth under the lens of the theoretical results of the
paper. Section 5 presents our own empirical analysis that tests the main empirical

prediction of the model. Conclusions summarize the main results.

The model of production with entrepreneurial and direct labor inputs.-

We start with an economy where firms use labor services of two kinds, those supplied
by the direct workers and those supplied by the entrepreneurs. The productivity of each
direct worker is affected by the time of entrepreneurial input dedicated to coaching,
supervising or helping her. Entrepreneurs also take strategic decisions, for example
product mix, product and process innovation, that improve the efficiency of the whole
organization (non divisible input). We use the assumptions of Rosen (1982) to combine
entrepreneurial time and direct workers’ effort into an aggregate measure of output from
labor services. The model is solved in terms of profit maximizing direct labor and

equilibrium mix of entrepreneurial and direct labor services.

There are two types of persons, those that work as direct workers and those that work as
entrepreneurs. Quality of labor services provided by entrepreneurs relative to the quality
of direct workers is given by » with the implicit assumption that » will be greater or
equal to one since more able workers are more productive directing others’ persons
work. In the short term the number of entrepreneurs of quality » is given and equal to E.
The value of » can vary across economies and over time and can be interpreted as an

aggregate measure of quality of entrepreneurial quality of the economy. The analysis
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ignores possible liquidity and wealth constraints that can limit entrepreneurial activities
in a world of asymmetric information and imperfect financial markets, Evans and
Jovanovic, (1989), and assumes a world of certainty, so differences in risk aversion
across the population, that could affect the supply of entrepreneurs in a scenario of

uncertainty, do not alter the main results.

Let # be the entrepreneurial time dedicated to complement the effort/time of direct
worker i, a;. The labor services jointly produced by direct worker i and the entrepreneur

she is working with, is given by,

l; Zg(”)f(i’f,«;ai) for all i

Where f{ ) is assumed a linear homogeneous function of inputs 7# and a;, increasing
with the quantity of inputs and concave; and g(7) is increasing in r; Rosen (1982). To

simplify the exposition and provide a closed solution to the problem we assume that

f(rti;ai):(rti)ﬂa:_ﬂ

The function that determines the output of the worker has to be interpreted as follows.
Entrepreneurs perform two functions, formulate strategies and manage the team of
people who have to implement the strategy and perform the operational activities.
Higher quality of strategic decisions improves the productivity of all team members,
and of any other assets of the group, in an indivisible way (scale economies). This effect
is captured by the function g(7), increasing in the quality of the entrepreneurial input 7.
Initially the model is formulated in static terms and ignores changes in » and the
external effects, beyond the particular firm, that may result from the quality of the
entrepreneurial decisions. One of the variables used to value the quality of the
entrepreneurial decisions, in line with the Schumpeter’s view of the entrepreneur’s
functions, is the degree of innovation that incorporate such decisions’. The function g()

could also measure differences in the absorbing capacity of existing knowledge’.

% The effects on economic growth of technological spillovers and diffusion of innovation have been
widely stressed in the economic literature; Rosemberg (1982) points out that during the industrial
revolution there were a few important innovations in selected industries that later on spread around to a
large number of industries. Griliches (1979), Jaffe (1986), Audretsch and Feldman (1996) quantify the
effect on economic growth of R&D expenditures in the US economy. In Romer’s (1986) growth model
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Management of the production team requires the entrepreneur to perform coordination
and motivation activities, and some times give technical support, to make sure that
strategy is effectively implemented. We call these activities managerial function of the
entrepreneur. The management technology takes into account that these functions are
subject to decreasing returns to scale, as the entrepreneur interact individually with each
team member within a limited time and within bounded rationality constraints. The
elasticity parameter £ captures this technology. Output is the result of joint team
production of direct workers and the entrepreneur, so that more entrepreneurial
time/services allocated to a particular worker imply higher marginal productivity of the
direct worker services’. The management activities of entrepreneurs are justified when
markets (invisible hand) perform coordination and motivation functions with high
transaction costs. This Coasian view of the entrepreneur (visible hand) and her functions
in the working of the economy, are incorporated in the model through the function f{ )

that combines services from entrepreneurs and direct workers®.

For all direct workers, the total labor services in the economy is given by

2l=28(r)ftza,)

firms decide how much to invest in knowledge creation and the knowledge produced costlessly diffuses
to other firms in the economy.

3 Schmitz (1989) explicitly introduces the entrepreneur as an economic agent that decides to use existing
knowledge to produce goods or services sold to the market. In this process the entrepreneur contributes to
create new knowledge that spillover to the rest of the economy, so existing knowledge increases and has a
positive impact on growth.

* The existence of transaction costs of using markets to govern exchange justifies the function of
entrepreneurs as agents supplying specific information and taking actions to match supply and demand in
output and input markets. Coase (1937) was the first to provide a theory of the entreprencur as an
alternative to market coordination under transaction costs (see also Williamson (1985)). Kirzner’s (1979)
view of the entrepreneur as the agent who discovers new opportunities for trade within existing markets,
implicitly assumes that final buyers and sellers face transaction costs in doing this discovery by
themselves. As an specialist the entreprencur is able to intermediate at lower transaction costs than
individual consumers and producers and can use the value of reputation from being permanently in the
market to solve adverse selection and moral hazard problems. In this vein, Alchian and Demsetz (1972)
explain the role of the entrepreneur as an agent that specializes in monitoring the quality and quantity of
inputs used in team production technologies. Limits to perfect portfolio diversification, including those
coming from moral hazard, also help to explain the role of entrepreneurs as risk takers, Kilhstrom and
Laffont (1979). Our model explicitly accounts for coordination (Coase) and motivation functions
(Alchian and Demsetz) of the managerial entrepreneur. Risk taking and market closing are excluded.



The total entrepreneurial time available is 7. We assume that there are E entrepreneurs
and each provides one unit of time so 7=FE. For efficiency reasons we want to assign

this time so that total productive labor service is maximized,

MaxQ = g(r)f(r1;5a,)
t
Subject to Zti <T
Let A be the Lagrange multiplier of the constraint. This multiplier gives the marginal
increase in total labor services that can be obtained with an additional unit of
entrepreneurial time 7. It is straight forward to show that in the optimal solution the

ratio management time #; and direct worker effort a;, ¢,/ a; has to be the same for all

direct workers and is given by,

ti/ai = [l/g(r)rﬁﬂ]ﬁ

Since the restriction is binding in the optimal solution, 2 #; = T; defining 4 = 2 a; and

substituting in the binding constraint, we have,

/o, =1/4=[/ g gl

And solving for A, the marginal productivity of entrepreneurial time at the optimal

solution,
A=g(r)’ -1

Where Te = T/A4 is the ratio between entrepreneurial and direct workers’ time, or the

entrepreneurial rate of the economy.

The next step is to determine the direct workers to optimally combine with the
entrepreneurial time available. Suppose that the labor market provides direct workers

effort at a wage w. The profit maximizing value of 4 can be determined as follows.



Substituting the optimal solution t/a; = 7/4 in the function f{' ) and taking into account

that the function is linear homogeneous,

0= Zli = Zai 'g(r)f(rti/aiol): A-g(r)f(rti/ai,l)

If output Q is sold in the market at price p, then the profit maximizing solution for 4 is

obtained from the problem,

]\lAaxB =p-Ag(r)- f(rT/A4,1)—wA

For the Cobb-Douglass production function proposed above, the solution to this

problem is the following,

A =1[p- ) ¢lr)-r* ] [1]

1-p

B =[p-g( )5 -r18-[0- B)Yw] 7 2]

Under the assumptions of the model average and marginal maximum profit per
entrepreneur are the same and equal to B/T. In Rosen’s model, differences in quality or
ability of entrepreneurs relative to direct workers will imply in equilibrium a different
compensation for entrepreneurs proportional to their relative ability. If w is the wage of
direct workers, profit per entrepreneur will then be equal to »w. The equilibrium wage of
direct workers, w" will be determined by the condition that profit per entrepreneur is

equal to 7w’

Solving this equation we obtain

w =p-g(r)-p"-(1-B)"

and substituting above,



B'(W)T=r-p-gr)-p"-(1-p)"

Equilibrium salary of direct workers and equilibrium profit per entrepreneur, both
increase with the quality of entrepreneurial services r, although the elasticity of
entrepreneurs’ profits with respect to the quality of entrepreneurial services is 1+ e(r)
and the elasticity of salaries is only e(r), where e(r) is the elasticity of g(r) with respect

tor.

Substituting the expression of w’ in [1], this implies an entrepreneurship ratio, 7e, in the

equilibrium solution, of
1= /4 ()= p/1-B)

The inverse of the ratio 7, gives the average span of control for the representative firm,
that is direct workers per entrepreneur. In the equilibrium solution the span of control
will be higher in economies with higher quality of entrepreneurial services » and lower

in economies with higher elasticity parameter £.

If the ratio of entrepreneurs is defined over total people employed, that is the share of

entrepreneur input in the occupied population, S, *, we have,
S =T J(T +4")=BIB+r1-pB))

The equilibrium share of entrepreneurs in the economy is a decreasing function of the
quality of entrepreneurial services » and increases with the elasticity parameter £ The
inverse of this ratio provides an approximation to the average size of the representative
firm of the economy and consequently the model predicts that the average size of the
representative firm will be higher in economies with higher quality of entrepreneurial

services 7 °.

> Predictions that relate span of control and size of the firm with parameter r are basically the same as
those obtained by Rosen in his original model. Other papers that derive equilibrium values for the number
of entrepreneurs in the economy are Schmitz (1989), assuming imitation and knowledge spillovers, and
Kihlstrom and Laffont (1979) based on risk aversion.



Finally, we compute the output per person employed, productivity, with variables at
their equilibrium values. From the optimal solution [1] and the equilibrium share of

entrepreneurs, the total output Q" can be written as,

0 =AWt [4) = 4B/~ B =Teryla-p/ a1 3]

Therefore, output per person employed will be equal to,

0 ) +7)=[r/(4 +T)]-r-g(r)-[0-p)/ BT

Given that 7 / (T + A ) = B /(B +r(1 - B)) productivity can be written as,

O /(4 +T)=r-g(r)- B*-(1= B) " [B+r(1- B)] [4]

Output per occupied is a function of a management technology parameter £ and of the
entrepreneurial quality parameter . It is immediate to show that productivity is
increasing with the quality parameter 7, that is ceteris paribus, economies with higher
entrepreneurial quality » will have higher productivity per person employed than
economies with lower entrepreneurial quality. Productivity differences come from the

effect of quality in management activities and from the effect on strategic decisions,

g(r).

In the equilibrium solution, the share of entrepreneurs’ rents over total output, w r7/pQ"
is equal to the elasticity £. The empirical relationship between productivity and share of
entrepreneurial rents across countries can be explored by looking at variations of the
productivity per occupied person as a function of changes in the elasticity parameter £

The derivative of Q"/(4"+T) with respect to /3 gives,

oo/« +T!|:ﬂﬁ(l_ﬂ)l_ﬁr_g(r){Ln[ﬂ/(l—ﬂ)] r-1

oB pri=p)  [prri-pT

The sign of Ln f/(I-p) in this equation is positive for f > 7 and zero or negative

otherwise; therefore within countries where share of entrepreneurs’ income is higher
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than share of direct workers’ income, we expect that higher share of entrepreneurs
income is associated with higher productivity, since -/ is non negative by assumption.
On the other hand, when comparisons are made within countries whose entrepreneurs’
income share is lower than that of direct workers and relatively low value of the
parameter », the sing of the association between productivity and share of
entrepreneurial rents is expected to be negative; however the sign of the association
could be reversed for sufficiently high values of . The conclusion has to be that cross
countries comparisons of productivity and share of entrepreneurs’ income can be
meaningless unless account is taken of possible differences in quality of entrepreneurial

services among them.
Productivity growth over time

Quality of entrepreneurial services in a given economy can change over time. The effect
of these changes in productivity growth can be evaluated from equation [4] by
computing the rate of growth of output per occupied person as a function of the rate of
growth in the quality parameter . Define N = T+A* equal to the total number of

entrepreneurs and direct workers. Then the log of productivity from [4] is equal to

LHQ*I N )=Lngr)+Lnr+ ALnB+(1-B)in(1—B) - L S+1{1- )
If the elasticity parameter remains stable over time productivity growth depends on time

improvements in the quality of entrepreneurial services. The derivative of the log of

productivity with respect to time is given by,

q, =€(I")pt + 0 _[V(l_ﬂ)/( +I”(1—ﬁ))],0,
Where ¢, is the rate of growth in output per occupied person over time, e(r) is the
elasticity of g(r) with respect to » defined before, and p; is the growth rate of quality of

entrepreneurial input 7.

We recall that (r(1-8)/(f+r(1-))=1-S,; substituting in the productivity growth

equation we have,
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g, =e(r)p, +S.p, [5]

The rate of growth in productivity over time is proportional to the rate of growth in
quality of entrepreneurial services. Ceteris paribus, the same rate of growth in quality
services will imply a higher rate of productivity growth in economies with higher share

of entrepreneursé.

Economies with higher quality of entrepreneurial services in a given moment of time
will have higher productivity and larger size of average firm, lower S,, than economies
with lower quality. However, the same rate of increase in quality of entrepreneurial
services over time will imply higher productivity growth in economies with smaller size
of the representative firm, that is in economies with higher share of entrepreneurs. The
model implies a convergence effect in productivity over time across economies that start
with different quality of entrepreneurial services but have similar rate of increase in

quality of these services over time.
Extensions.-

The stylized model above can be extended to account for self employed entrepreneurs
that do not hire workers and dedicate a modest amount of time to manage. Therefore if
total entrepreneurs E include those that have employees and those that do not, we can
define 7, as the proportion of effective management time per entrepreneur; so that total
management time of the economy is 7,,£. The rest of time is dedicated to direct labor, so
total direct labor is equal to (/- 7,,)E + A. Substituting these new values in the equations
above, and taking into account that the equilibrium conditions of equal rents from direct
labor and entrepreneurship is now B'/z,E = rw, we obtain that in the optimal solution
the equilibrium share of entrepreneurs is given by S o/z, = E/(A*+E) =S, where S, is
the equilibrium share of entrepreneurs when all of them have people employed, derived

above.

Let £ = SE + T, where SE is the number of self-employed with no employees and 7 is

the number of entrepreneurs with employees. If 7,, was exactly equal to the proportion

12



of entrepreneurs with hired employees in the total number of entrepreneurs, then in the

equilibrium solution S ", =T/(A"+E).

Production involves labor together with capital. So far we focused the attention on the
aggregation of direct labor services and entrepreneurial services in an efficient, output
maximizing way. A generalization of the model would require an extension to account
for the aggregation of inputs labor and capital. If the entrepreneur that provides
managerial services is also the capitalist that supplies the needed capital, a simple
generalization of the model would consist in assuming that capital K is allocated to job
positions in an output maximizing way, similarly as it is the case with entrepreneurial
time 7. If &; s the capital allocated to job position 7, the general allocation model can be

formulated as follows,

MaxQ = Zg(f’)f(”fi;ai;ki)

D 4<T
Yk <K

Similar assumptions as before, in terms of properties of the production function with
capital input, give comparable results for the aggregation of labor and capital in the
production function of the economy. For example, if quality of strategic entrepreneurial
inputs imply higher total factor productivity of labor and capital and the production
function is Cobb-Douglas with constant returns to scale and elasticity of output to

capital services equal to &, then the aggregate production function will be,
Y= e[0T A" ]Ik [6]

Where Y represents the total output with the extended inputs. The exposition above
describes the optimal combination of entrepreneurial and direct labor services under a
given assumption on relative prices of the two. The relative prices of labor and capital

will determine the profit maximizing mix of capital and direct labor for a given number

% The growth model proposed by Schmitz (1989) also predicts that the growth rate of output and
consumption per capita will be higher in economies with larger share of entrepreneurs, although for
reasons that have to do with diffusion of knowledge.
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of entrepreneurs. On the other hand, labor productivity growth over time will include

the effect of capital deepening, per person employed, in such growth.

These main results and the extensions give support to the following proposition about
the relationship between entrepreneurship variables, economic development and growth,
controlling for other factors such as capital intensity per worker and/or growth of this

intensity over time.

Proposition.- a) In a cross section of countries, average size of the representative firm
(share of entrepreneurs) will be higher (lower) in countries with higher quality of
entrepreneurial services, relative to direct labor services.

b) In a cross section of countries, output per person employed will be higher in
countries with higher quality of entrepreneurial services.

c)Elasticity f and entrepreneurial quality r parameters determine both, share of
entrepreneurs and output per person employed. In a cross section of countries
correlations can be found between labor productivity and the average size of
representative firm (share of entrepreneurs)that have to be interpreted as the result of
differences in these parameters across countries.

d) Output per person employed increases over time as the quality of entrepreneurial
services also increases

e) For the same rate of increase in quality of entrepreneurial services, productivity

increases at a higher rate in economies with higher starting share of entrepreneurs.

Statement a) comes from S: =T /(T +A*)=ﬂ/(ﬂ+r(1—ﬂ)); statement b) comes

directly form equation [4]. Statement c) is the direct implication of a) and b) since both
variables, size of the firm and productivity, are endogenous and a function of » and p.

Statements d) and e) are straightforward from [5].

Review of the empirical literature.-

The literature on entrepreneurship and economic growth measures the strength and sign
of the association between indicators of economic performance and measures of
entrepreneurial activity. In the model outlined above, performance measures include

total output, Y, output per person employed, Y/(4+7), output growth, AY/Y, and

14



productivity growth, y. Entrepreneurial related factors are, the share of entrepreneurs,
Se, and the quality of entrepreneurial services, ». The share of entrepreneurs, a variable
used in empirical analysis as a measure of entrepreneurial activity, is in fact endogenous
and has to be explained in terms of characteristics of the managerial technology, input
quality and equilibrium in relative compensation of entrepreneurs with respect to direct

workers.

The accumulation of human capital through education and learning by doing of workers
and entrepreneurs, together with improvements in the management technology can
affect the productivity growth over time. Some times the quality of entrepreneurial
services has been related to other institutional conditions, for example social mobility,
and to indicators of innovation capacity, such patenting or rate new firms’ creation in

high tech sectors.

Cross-section comparison of share of entrepreneurs and per capita income

Entrepreneurship research has investigated the relationship between income per capita
of countries and their share of entrepreneurs in the population, Kuznets (1971), Acs et al
(1994), lIyigun and Owen (1998), Carree et al (2002). Early studies already find a
negative cross section association between income per capita and the share of
entrepreneurs; Kuznets (1971). Others report an increase in this share over time parallel
to the increase in income per capita, Acs et al (1994), which is interpreted within the
broader trend observed in developed countries, of increasing relative importance of
small business in the population of firms, Acs and Audretsch (1993), Thurik (1999).
From this evidence Carree et al (2002) postulate “an equilibrium relationship between
the rate of business ownership and per capita income that is U shaped (...), so there is a
level of economic development with a minimum ownership rate”, page 275. Countries,
that have business ownership rates outside the equilibrium value corresponding to their

current economic development, will be penalized with lower future growth.

Our model provides further insights into the expected cross section association between
share of entrepreneurs and productivity in a given moment of time. First, notice that
according to the model, both variables share of entrepreneurs and productivity are

endogenous and determined by the management technology and entrepreneurial service
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quality parameters. Therefore the relationship between share of entrepreneurs and
productivity has to be interpreted under this circumstance (proposition c). Figure 1 plots
the simulated values of share of entrepreneurs, S. and productivity, Q/N, for different
values of the parameters £ and r. The simulated pair values of the two endogenous
variables describe the U shape relationship between income per capita and share of

entrepreneurs documented in empirical research.

Figure 1 tells us, first, that comparisons between entrepreneurs share, S., and per capita
income, assuming similar occupation rates across countries, only make sense
controlling for differences in the quality of the entrepreneurial input. Second, all the
values along a given curve represent equilibrium values across economies of different
management technology but with the same quality of entrepreneurial services. Third, a
country can change the position in the picture over time because of changes in the
management technology, the quality of entrepreneurial services or both. Notice that

higher » across countries for a given £ will imply higher income per capita.
O/N

High values of r (r=5)

Low values of » (r= 1)

Very low (r=0,5)

Figure 1.- Share of entrepreneurs and labor productivity for different values of
parameters » and f.

In countries above a minimum level of development the empirical evidence tells us that
the share of entrepreneurs will be less than 2 (less than half of the people working will
be entrepreneurs). If the quality of entrepreneurs is not too different from one, a
negative association is expected between entrepreneurs’ share and income per capita.

Countries with very low entrepreneurial quality » could show a decreasing association
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between the two variables even beyond the % value’. If we select a set of countries with
very high value of r then among these countries a positive association between
entrepreneurial share and per capita income can be observed. Combining countries with
very different values of 7 in the same sample the empirically observed U shaped relation
between entrepreneurial share and income per capita can just pick up the heterogeneity

in the values of 7 across countries (dotted line in the Figure ®.

Total output and entrepreneurial capital

Audrestsch and Keilbach (2004) model a production function with three inputs, instead
of the two conventional labor and capital. They refer to this third input as
“Entrepreneurship capital” and the neoclassical production function is formulated as,

Y = a L"KYE", where Y is total output, L is labor, K capital, E is the new entrepreneurial

input and ¢, 77, @, 1, are parameters of the production technology.

Audrestsch and Keilbach use the number of new firms per capita in a period of time and
the number of new firms created in high tech sectors in a particular year, as proxy
variables of the entrepreneurial capital of the German region for which the model is
estimated. No reference is made, however, to the issue of how input services from
employers and from direct workers are aggregated into the labor input L and differences
between quality of services from entrepreneurs and from direct workers are not made

explicit.

Equation [6] represents the ex ante production function that, according to our
formulation, summarizes the technological opportunities of the economy in a given
period of time. The ex post actual level of production involves input mix decisions
based on relative prices and technology parameters. Estimations of production functions
from observed combinations of inputs and outputs across countries or across countries
and over time could use equation [6] as starting point, considering number of
entrepreneurs and quality of entrepreneurial services as ex ante measures of

entrepreneurship capital. The profit maximizing and equilibrium conditions derived in

" We show the results with values of r lower than 1 for illustrative purposes.

¥ In fact, what Carree et al (2002) explain is share of entrepreneurs as a function of per capita GDP of the
countries, that is S, would be in the vertical ax and Y/N in the horizontal one. Their models explains share
of entrepreneurs as a function of income per capita of the country and postulate a U shape relationship
between the two variables. This empirical relationship can also be explained by our model.
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the theory section alert us that observed inputs are endogenous variables decided by
rational agents, and that true exogenous variables are only quality of services and
technological parameters (together with interest rate as determinant of cost of capital).
Most of the papers, however, including Audrestsch and Keilbach’s one, treat
entrepreneurial inputs as exogenous and little attention is given to the aggregation

process from job positions to the whole economy.

Beyond issues of aggregation methodology and conceptual framework, the Audrestsch
and Keilbach conceptual approach and empirical models would be approximately
consistent with our formulation if number of new firms per capita or number of new
firms in high tech sectors per capita, used as measures of entrepreneurial capital in their
empirical model, are in fact considered measures of entrepreneurial quality, », across
German regions. That is, in our conceptual framework their empirical variables of
entrepreneurial capital would be more properly considered proxy variables of the

quality of entrepreneurial services than of the quantity of these services.

Growth

Van Stel et al (2005) and Wong et al (2005) study the cross section association between
growth rates (of GDP and productivity) and the Total Entrepreneurial Activity rate,
TEA, provided by the Global Entrepreneurship Monitor survey, controlling for other
variables, in a list of 36 countries. Van Stel et al find that higher values of TEA,
proportion of people in the country involved in new firms’ creation, imply higher GDP
growth only in the group of rich countries. If we assume that the proportion of people
involved in new firms’ creation is higher in countries with higher share of entrepreneurs
in the population, then TEA would be positively correlated with S,.. The coefficient of
TEA in these empirical analyses would then be approximately equal to the average rate
of change, across countries, in the quality of entrepreneurial services » over time. The
fact that this coefficient is positive and significant only for developed countries and
marginally negative in developing countries would indicate that the quality of the

entrepreneurial input is improving over time but only in more developed countries.

Wong et al (2005) use alternative measures of entrepreneurial quality as determinants of
differences in growth rates across countries, but they only find a positive association

between productivity growth and number of patents relative to the GDP, an explanatory
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variable that under our framework would resemble more to the quality than to the

quantity of entrepreneurial input.

Empirical analysis.-

The theoretical prediction more suitable to empirical analysis is summarized in equation
[5] that gives productivity growth as a function of the proportion of entrepreneurs and
of the rate of growth in quality of entrepreneurial services. Measures of quality of
entrepreneurial services, beyond innovation measures such as R&D intensity, number of
patents or new products sold to the market, are difficult to obtain. Moreover these
variables are proxy of quality in strategic decisions but do not capture the effects on
productivity growth of better management and internal organization of firms. The
empirical strategy we follow in this paper is to write productivity growth as a linear
function of share of entrepreneurs at the beginning of the period; the estimated
coefficient of this explanatory variable gives an estimation of the implicit annual
cumulative rate of growth in the quality of the entrepreneurial services in the sample of

countries.

Data

Data on variables such as productivity, share of entrepreneurs and capital stock, this one
for a reduced sample of countries, are obtained from official OECD statistics on country

members in the period 1970 to 2002.

The dependent variable is the annual rate of productivity growth of each country, annual
rate of growth of GDP of the country per occupied person. The growth rate in
productivity per person employed between period 1 and period /+m is computed as
((Y/N) j+m / (Y/N) 1)1/'”-1. The variable S,, share of entrepreneurs, is estimated from data
on labor markets of the OECD (OCDE. Labor Market and Social Issues, Quarterly
Labor Force Statistics: 1965-2003). That is,

Total Labor Force- Employees —Unemployment
Sg =

Total Labor Force- Unemployment
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Some countries differ in the way labor statistics are reported: Belgium, Czech Republic,
Denmark, Japan, Korea, New Zealand, Poland and Slovak Republic report figures on
Civilian Labor Force instead of Total Labor Force; Switzerland and USA publish
Employment Total Non Farm Private Isic B to P instead of Employees-Total; and
France and New Zealand report Unemployment-Registered instead of Unemployment-
Total. Unfortunately, the population of entrepreneurs is not separated into those self
employed with no hired employees and those with hired employees. Therefore we are
forced to consider the total number of entrepreneurs in the country, without controlling
for differences in the composition of entrepreneurial services across countries, except

the control provided by the countries’ fixed effects.

The labor productivity Y/N for each country and time period is obtained from OECD
statistics, OECD National Accounts and Historical Statistics, National Accounts I,
Comparative Tables Based on Exchange Rates and Based on PPPs, GDP at the Price
Levels and Exchange Rates of 1995: 1970-2002,

GDP (PPPs, price levels & exchange rates 1995)
Y/N =

Total Labor Force- Unemployment

where PPPs means Purchasing Power Parity.

The stock of capital for each country and year is obtained also from the OECD statistics
and transformed into PPP values of year 1995. OECD, National Accounts and
Historical Statistics, Flows and Stocks of Fixed Capital, Total, Net Stock: 1970-1997.

The country and year data used in the study together with descriptive statistics on
productivity, productivity growth, entrepreneurial shares, capital ratios and growth rates
in capital per person employed, are presented in Tables 1, 2, 3, 4 and 5 respectively.
Tables show averages for selected five years periods and for each individual OECD
country for which data are available. In the bottom of the Table we also show averages,
standard deviation and coefficient of variation (standard deviation / average), for each
variable across countries and for every time period. In the years 1970-1984 productivity

data are available for as much as 15 countries and after 1995 we have data for all 23
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countries. Data on capital ratios are available for a very limited set of countries, nine,

and a shorter period of time, up to 1997.

Values of variables across countries and over time show substantial variation. The fact
that the list of countries with data available changes over time also complicates the
analysis. In any case, we observe a clear divergence in productivity growth rates across
countries in the period 1994-1998 and no clear trend in the evolution of the coefficient
of variation in productivity growth rates over time. Countries also differ in share of
entrepreneurs, Table 2, although here the cross-country average and dispersion values
are relatively stable over time. If any, from the eighties, we observe a trend in
convergence of shares across countries, as the standard deviation of share values
slightly decreases over time. Entrepreneurial shares of the USA from the nineties show
exceptionally low values, which would deserve further analysis. Robustness tests in the
model estimation will try to account for possible inconsistencies in the data. Cross-
country dispersion is also high in productivity levels, Table 3, and cross country labor
productivity differences seem to increase over time. However, notice that dispersion
(standard deviation of individual countries’ productivity values) tends to be higher when
the number of countries we have data from is also higher so the increasing trend in

productivity differences may just reflect an increasing number of countries over time.

Labor productivity can increase over time because of capital deepening or because
improvements over time in total factor productivity. Equation [5] could be extended to
allow for the effect in productivity growth of higher ratio of capital per occupied person
over time. However data on capital stock is available only for a reduced number of
countries and for this reason equation [5] will be estimated for the full sample of
countries substituting growth in capital/labor ratio by other control variables. Next the
model will be estimated for the reduced sample of countries including capital to labor

ratios as explanatory variables, for robustness purposes.
Empirical model
The empirical counterpart of equation [5] is formulated as follows,
Yy =by +b, -Time+b,S,,  +b,(Y/N), , +>.dD, +¢, [7]
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The dependent variable y;, is the annual rate of labor productivity growth (Table 1). The
explanatory variables that come directly from equation [5] are Time, a trend variable
that counts the number of time periods, years, in the sample, and S,;.;, the share of
entrepreneurs of country i at the end of period #-/. The other ones, GDP per person
employed in country i at the beginning of the period, (Y/N);.; , and country dummies D;
are included as control variables. For the reduced sample of countries with data on
capital stock the explanatory will include the ratio of capital stock per occupied person

and the growth of the ratio over time.

In an unconditioned growth model parameters b, and b; provide estimates of
determinants of productivity growth different from those due to more effective
management functions of entrepreneurs captured by b, S.i.;. The estimated value of b,
gives the average differential increase in improvement in quality of entrepreneurial
services, p,. The conditioned growth models include as additional explanatory variables
the beginning of the period productivity level and the country specific individual
effects. The parameter b; captures cross country heterogeneity that is related to the
current level of labor productivity, for example productive specialization, level of
technological development, capital intensity and so on. Broadly, the lagged productivity
level captures the catching up effect of less developed countries with respect to more
developed ones, and for this reason the estimated coefficient of b; is expected to be

negative.

Country dummy variables control for time invariant unobserved country idiosyncratic
effects that can be correlated with the rest of explanatory variables, some of them, for
example differences in number of working hours, differences in the proportion of self
employed with no hired employees, propensity to save, possibly correlated with
permanent differences across countries in the capital to labor ratio K/N (for which data

are available only for a few number of countries).

Estimation of the model

The results of estimating model [7] for the larger sample of countries are presented in

Table 6. We show estimations from alternative sets of explanatory variables and for
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alternative periods of measurement of productivity growth. The first three columns refer
to estimations where the dependent variable is the one year productivity growth; in
column one the explanatory variables are a constant, the time trend and the share of
entrepreneurs. In column two we add as explanatory variable the productivity level at
the beginning of the period. Column three presents the results of the full model
controlling also for country fixed effects (country dummy variables whose estimated
coefficients are not reported). The last two columns show the regression results from the
full model using as dependent variable five years ahead annual cumulative rate of

productivity growth, with overlapping and without it respectively.

In all estimations the coefficient of the variable S. is positive and statistically
significant, although the actual estimated value changes depending on the model
specification and productivity growth variable. The range of estimated coefficients of
the share of entrepreneurs variable goes from 3% to 15%. The estimated average growth
in the quality of entrepreneurial services implicit in our data for the large sample of
OECD countries can be quite significant, taking into account that for the whole period
the average annual growth rate in labor productivity is around 2%. In the first part of
Table 6, the addition of explanatory variables, conditioned productivity growth model,
increases the R? of the regression, from 0.07 up to 0.21 (in all cases the increment is
statistically significant). In the second part of the Table, when the dependent variable is
average cumulative five years annual growth the R” of the model is much higher, 0.59
and 0.51; in one case, overlapping five years periods, the low DW statistic shows

evidence of high autocorrelation in the residuals.

In the full model estimation, third column, the coefficient of the time trend is positive
and statistically significant but the estimated value implies a time trend in the annual
growth rate of 0.11% per year. The coefficient of the start of the period productivity
level is negative and statistically significant, as expected. Conditioned productivity
growth models also increase the estimated value of the constant which gives the
productivity growth when all the explanatory variables are equal to zero (with country
dummies the constant gives the growth rate of the country whose dummy variable is

omitted, Australia in our case).
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Columns one and two of Table 7 present the results of estimating model [7] in two time
periods, 1980-2002 and 1990-2002. Column three shows the results for the entire time
period but with countries with homogeneous labor statistics variables data. Column four
to six presents the results for the set of countries for which data on growth in the capital
to labor ratio is available. The purpose of this table is to provide robustness evidence for
the results of Table 6. Time periods 1980-2002 and 1990-2002 are selected because they
correspond to time period for which, according to Tables 1 to 3, the panel data is more
balanced as the number of countries for which data are available is larger. The results of
the estimation using data from the period 1980-2002, are in line with those obtained
with the full sample. However, model estimates with data from the period 1990-2002,
with observations from practically all OECD countries, show a substantial increment in
R? and in the absolute values of all the estimated parameters. During the nineties
productivity growth in OECD countries is highly conditioned, in an inverse way, to the

starting level of productivity of the country’.

The evidence from columns three to six of Table 7 confirms that the main results are
robust to data heterogeneity and to the inclusion of the growth rate in capital to labor
ratio among the explanatory variables. The estimated coefficients of the share of
entrepreneurs are between 0.14 and 0.20, compared with the reference value of 0.15 of
Table 6. Moreover, the estimated coefficient of the capital to labor growth rate in the
last column of the table is around 0.43, a reasonable result since it implies a share of
capital rents in total production of 43% in line with other growth studies for OECD

countries '°.

Discussion and Conclusion.-

Strong empirical evidence on entrepreneurship and economic growth is lacking, as well

as theoretical models that give detailed account on why and how entrepreneurial activity

? All the results are confirmed when in each time interval the model is estimated with data only from the
14 countries for which data are available in all years since 1970 to 2002. The unconditioned growth
model for the period 1990-2002 (all countries) gives an estimate of the growth rate p equal to 4%,
statistically significant but lower than the 6% of Table 7 for the whole period. The conditioned growth
model increases the goodness of fit of the model and the estimated values of the parameters.

' We have estimated a cross section model where labor productivity of the countries in the sample has
been regressed as a function of the share of entrepreneurs and its squared (controlling for time and
country effects), as suggested by Figure 1. The coefficients of the two explanatory variables are
statistically significant and positive for S, and negative for S.>. Therefore the predicted U-shape
association between productivity and share of entrepreneurs is also confirmed by our data.
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is often considered synonymous of prosperity and growth. Existing models, such as
Schmitz (1989), relate entrepreneurship and growth through spill over from innovation
decisions of entrepreneurs, while the model presented in this paper focuses in the
efficient aggregation of input services from entrepreneurs, more able people, and from
direct workers. The theory predicts that countries with higher entrepreneurial abilities
will have higher productivity and larger firms than countries with lower abilities.
However the theory also predicts that the same growth rate in quality of these services
will imply higher productivity growth in countries with firms of smaller size (large
share of entrepreneurs). This convergence effect of entrepreneurship in cross country

productivity differences over time is new in the growth literature.

The robust empirical evidence on the positive association between next period
productivity growth of a country and the share of entrepreneurs in the country at the
beginning of the period, within a conditioned model of productivity growth, provided in
this paper, is also new in the empirical literature on economic growth: The estimated
coefficient of the share of entrepreneurs’ variable in the unconditioned growth model
and the full sample of data is 6.01%, first column of Table 6, and goes up to 15.33% in

a fully conditioned one.

For the sample mean values of share of entrepreneurs, S., equal to 0.17, and of the Time
trend, 16, the predicted growth rate in productivity from the unconditioned model is
0.0131 - 0.0002x16 + 0.0601x0.17 = 2,01%, very close to the actual sample average
productivity growth. Out of this growth rate, the contribution from improvement in
quality of entrepreneurial services and consequent improvement in managerial
efficiency is 50.83% (0.0601x0.17/0.02). This contribution comes from an estimated
increase in quality of entrepreneurial services, estimated value of p, equal to 6.01%,
three times the rate of growth in average labor productivity. In the remaining 49,17%
there may still be other contributions of improvements in quality of entrepreneurial
services through the effect in better strategic decisions, but this effect can not be

separated from the rest of productivity growth factors''.

" The average annual rate of growth in the capital to labour ratio, k, in the sample data is 1.73%.
Assuming that the growth rate and the elasticity parameter ¢=0.44 are similar to those of the whole

sample of countries the contribution of capital intensity growth to productivity growth would be 0.76%
(0.44x1.73).
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In a productivity growth model controlling only for the level of productivity in the
beginning of each time period, the estimated value of p decreases to 3.05%. But it
increases again to 15.33% when we control for productivity level and for country fixed
effects, columns two and three of Table 6. In the model with five years cumulative
average annual productivity growth as dependent variable, non overlapping periods, the
estimated coefficient of S, is 8.21%. In conditioned productivity growth models the
estimate of the rate of improvement in quality of entrepreneurial inputs varies according
to specifications and measurement of variables but with country specific effects it is
always higher than in the unconditioned case. In the worst scenario, with estimated
£=3.05%, the contribution of improvement in quality of entrepreneurial services to
productivity growth has a lower bound of 0.52 percentage points, that is over 25% of
average productivity growth of 2%. In the most favorable of p=15.33%, the contribution
would go up to 2.55%, more than one hundred per cent of observed average

productivity growth, that is the net contribution of other factors would be negative.

Differential quality growth in entrepreneurial services affects differently the rate of
productivity growth of the countries depending on their entrepreneurial base, which in
our model is endogenously determined from characteristics of the managerial
technology and equilibrium with free entry conditions. Therefore countries with larger
starting base of entrepreneurs in the economy show higher rate of productivity growth
over time because the increase in quality of the entrepreneurial input affects a larger
fraction of employed persons than in countries with small share of entrepreneurs. The
gain in efficiency of entrepreneurs translates into higher productivity levels for the

whole population of workers.

The paper models the number of entrepreneurs of an economy as an equilibrium
solution determined by technical conditions, such as the parameters of the production
and managerial technology, human capital (quality) of entrepreneurs relative to that of
direct workers, and by economic conditions, quality adjusted compensation across
employment opportunities under the assumption of free entry conditions to be an
entrepreneur. Carree et al (2002) discusses factors that can explain differences in the
share of entrepreneurs across countries and changes of this share over time, but they do
not mention possible differences in the management technology. Moreover, their
interpretation of the U shaped relationship between share of entrepreneurs and per

capita income of the country is quite different from the explanation derived from our
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model. In fact our model explains the empirical regularity of a negative association
between income per capita and share of entrepreneurs by the fact that the two
observable variables vary with quality of entrepreneurial services in an opposite way,
increasing in the case of income per capita and decreasing in the case of share of

entrepreneurs. Therefore no casual relationship can be attributed to such association.

To explain the dynamics of the management technology that determines the evolution
of share of entrepreneurs over time would be an interesting line of future research, as
well as determinants of differences in quality of entrepreneurial services across
countries and over time. Differences in entrepreneurial abilities across people within
countries will explain dispersion of firms’ sizes within the country. The scale economies
effects of quality in strategic decisions imply more than proportional effects of
differences in ability in size differences of the respective firms. Therefore dispersion in
sizes of firms within countries is expected to be a relevant variable to explain

productivity and growth.

Future research should also extend the results to situations where liquidity constraints
can limit the access to be an entrepreneur, when the entrepreneur is also the capitalist. In
this situation entrepreneurs will manage both direct labor and capital and the model of
optimal allocation of entrepreneurial time will have to determine the allocation of this
time in the two inputs. On the other hand, data on number and share of entrepreneurs
across countries is highly incomplete and elaborated with different criteria among them.
Moreover, we only have data on capital inputs for a limited time period and for a
limited set of countries, so labor productivity growth had to be modeled without
controlling for growth in the capital per employed person of the countries in the sample.
Finally, our data do not distinguish between entrepreneurs with and without salaried
employees. The fact that the main conclusions from the estimated models (in terms of
the importance of improvements in quality of entrepreneurial services to productivity
growth) are robust to longer or shorter time estimation periods and to estimations from
the reduced sample with capital data, suggests that the rest of the control variables avoid

potential biases in the estimated coefficients.

Future work should confirm the results of the paper using more complete databases and

contributing to solve some puzzling results, as for example the particularly high
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estimated value of the rate of improvement in quality of entrepreneurial services in the
nineties, a period of shake out with a generalized spread of the information
technologies. The effort is worthwhile considering the little we know about
entrepreneurship and economic growth, the importance of entrepreneurship in economic

policy actions and the, we believe, important insights obtained in this paper.
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TABLE 1: Productivity Growth y;. (1 year)

70-74 75-79 80-84 85-89 90-94 95-99 00-03
AUS  Australia 0.0099 0.0219 0.0162 0.0037 0.0197 0.0226 0.0078
AUT  Austria 0.0472 0.0249 0.0034 0.0211 0.0039 0.0224 0.0119
BEL  Belgium (*) -—- -—- 0.0118
CAN Canada 0.0178 0.0048 0.0097 0.0094 0.0101 0.0160 0.0149
CZE  Czech Republic (*) 0.0101 0.0241 0.0262
DNK  Denmark (*) -—- 0.0163 0.0203
FIN Finlandia 0.0385 0.0210 0.0194 0.0317 0.0236 0.0217 0.0176
FRA  France (**) 0.0371 0.0254 0.0193 0.0265 0.0122 0.0109 0.0057
DEU Germany 0.0320 0.0322 0.0082 0.0147  -0.0196  0.0152 0.0132
HUN  Hungary 0.0557 0.0296 0.0361
ITA Italy 0.0401 0.0254 0.0136 0.0270 0.0209 0.0142 0.0011
JPN  Japan (¥) 0.0424 0.0350 0.0195 0.0346 0.0109 0.0120 0.0182
KOR  Korea (*) 0.0487 0.0438 0.0315
NZL  New Zealand (*) (**) 0.0322 -0.0219  0.0291 -0.0180  0.0071 0.0086 0.0112
NOR Norway 0.0415 0.0235 0.0257 0.0174 0.0353 0.0176 0.0147
POL  Poland - 0.0699 0.0493 0.0389
PRT  Portugal - 0.0401 0.0244 0.0113 0.0076
SVK  Slovak Republic (*) 0.0424 0.0349
ESP  Spain 0.0516 0.0252 0.0330 0.0174 0.0255 0.0005 -0.0040
SWE Sweden 0.0190 0.0043 0.0142 0.0187 0.0266 0.0247 0.0097
CHE  Switzerland (***) 0.0113 0.0046 0.0023 -0.0070  0.0082 0.0033
GBR  United Kingdom 0.0169 0.0193 0.0180 0.0169 0.0211 0.0149 0.0187
USA  United States (***) 0.0124 0.0115 0.0108 0.0140 0.0129 0.0222 0.0123
No. of Countries 14 15 15 16 20 22 23
Average 0.0313 0.0176 0.0163 0.0174 0.0206 0.0204 0.0158
Standard Deviation 0.0136 0.0141 0.0085 0.0140 0.0206 0.0121 0.0113
Coefficient of Variation 0.4352 0.8032 0.5232 0.8094 0.9980 0.5922 0.7153

*)

Civilian Labor Force instead of Total Labor Force

(**)  Unemployment-Registered instead of Unemployment-Total

(***) Employees-Employment Total Non Farm Private Isic B to P instead of Employees-Total,
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TABLE 2: Entrepreneurial shares Se

70-74 75-79 80-84 85-89 90-94 95-99 00-03

AUS  Australia 0.1660 0.1666 0.1665 0.1680 0.1579 0.1428
AUT  Austria 0.1562 0.0882 0.1204 0.1493 0.1410 0.1456 0.1396
BEL  Belgium (*) 0.1647 0.1545
CAN Canada 0.1159 0.1256 0.1400 0.1453 0.1552 0.1698 0.1583
CZE Czech Republic (*) - - - - 0.1328 0.1449 0.1596
DNK  Denmark (*) -—- 0.1050 0.0983
FIN Finlandia 0.2252 0.1967 0.1783 0.1656 0.1710 0.1616 0.1419
FRA  France (**) 0.2291 0.1977 0.1792 0.1629 0.1213 0.1062 0.0957
DEU Germany 0.1739 0.1588 0.1337 0.1137 0.1022 0.1072 0.1111
HUN  Hungary 0.1993 0.1767 0.1522
ITA Italy 0.3351 0.3081 0.3109 0.3154 0.3026 0.3041 0.2905
JPN  Japan (*) 0.3254 0.2964 0.2718 0.2483 0.2055 0.1786 0.1613
KOR  Korea (*) 0.4083 0.3782 0.3725 0.3613
NZL  New Zealand (*) (**) 0.1320 0.1482 0.1343 0.1908 0.2115 0.2080 0.1988
NOR Norway 0.1788 0.1595 0.1492 0.1343 0.1218 0.0899 0.0804
POL  Poland - 0.3105 0.2866 0.2770
PRT  Portugal 0.3365 0.3255 0.2927 0.2941 0.2792
SVK  Slovak Republic (*) - 0.0630 0.0681 0.0884
ESP  Spain 0.3517 0.3207 0.3201 0.3042 0.2699 0.2431 0.1955
SWE Sweden 0.0980 0.0817 0.0790 0.0770 0.0944 0.1081 0.1003
CHE  Switzerland (***) - - - - 0.1056 0.1276 0.1302
GBR  United Kingdom 0.0926 0.0883 0.1073 0.1417 0.1525 0.1388 0.1253
USA  United States (***) 0.1189 0.1148 0.1111 0.1012 0.0829 0.0581 0.0456
No. of Countries 13 14 15 16 21 23 23

Average 0.1948 0.1751 0.1826 0.1969 0.1801 0.1703 0.1603
Standard Deviation 0.0919 0.0812 0.0847 0.0948 0.0861 0.0811 0.0768
Coefficient of Variation 0.4718 0.4641 0.4637 0.4816 0.4782 0.4759 0.4792

(*)  Civilian Labor Force instead of Total Labor Force
(**)  Unemployment-Registered instead of Unemployment-Total
(***) Employees-Employment Total Non Farm Private Isic B to P instead of Employees-Total,



TABLE 3: Labor Productivity Y/N

(Dollars PPPs, prices levels and exchange rates 1995)

70-74 75-79 80-84 85-89 90-94 95-99 00-03

AUS  Australia 33,668.1 36,376.8 39,0524 41,565.3 43,671.5 48,733.4 51,807.1
AUT  Austria 33,736.1 39,678.3 42,152.2 44,598.2 48,432.8 50,880.2 55,023.2
BEL  Belgium (*) 60,319.4 62,028.0
CAN Canada 39,796.2 41,3549 42,069.5 45,053.5 46,438.1 50,104.3 54,004.5
CZE  Czech Republic (*) 23,980.2 26,288.4 28,846.3
DNK  Denmark (*) -—- 46,559.3 50,172.5
FIN Finlandia 26,542.3 29,485.7 33,072.7 37,875.6 41,841.3 48,368.6 52,282.5
FRA  France (**) 33,801.2 38,635.1 43,269.1 48,296.8 53,439.8 56,176.5 58,241.0
DEU Germany 38,557.6 45,146.3 47,716.8 51,798.3 47,759.4 49,812.7 52,992.7
HUN  Hungary 23,246.6 26,923.2 30,457.5
ITA Italy 34,150.6 39,051.1 43,563.9 48,4215 53,360.9 59,913.0 61,466.5
JPN  Japan (*) 24,653.0 28,987.2 32,916.3 37,930.8 42,473.6 44,954.3 47,455.7
KOR  Korea (*) 18,838.3 21,908.9 27,124.9 31,546.1
NZL  New Zealand (*) (**) 37,9019 36,578.6 38,071.3 36,340.8 37,207.6 38,438.0 40,739.8
NOR Norway 28,4440 31,8151 35,687.8 39,632.7 45,809.6 51,976.0 55,354.1
POL  Poland - 17,4621 20,542.2 25,957.2
PRT  Portugal 21,576.7 24,187.2 28,3756 31,204.3 31,819.5
SVK  Slovak Republic (*) - 19,478.7 21,952.6 25,606.7
ESP  Spain 28,129.9 31,964.2 36,958.7 41,858.7 45,834.7 48,934.8 48,149.1
SWE Sweden 32,307.7 33,661.5 35,223.7 39,1734 42588.9 49,523.2 53,003.2
CHE  Switzerland (***) 44,819.3 46,219.1 46,852.8 45,339.3 46,4825 48,066.2
GBR  United Kingdom 29,1209 31,575.6 34,399.3 38,443.2 41,040.2 45,4229 48,123.0
USA  United States (***) 44,616.1 46,733.1 48,2941 52,3519 56,011.3 60,952.8 64,853.5
No. of Countries 14 15 16 17 21 23 23

Average 33,2447 37,0575 38,765.2 40,777.6 39,319.1 43,982.1 46,869.4
Standard Deviation 5,612.7 5,789.5 6,827.2 8,817.9 11,921.0 12,377.2 12,083.3
Coefficient of Variation 0.1688 0.1562 0.1761 0.2162 0.3032 0.2814 0.2578

*)

Civilian Labor Force instead of Total Labor Force

**)  Unemployment-Registered instead of Unemployment-Total
ploy, g pLoyi
(***) Employees-Employment Total Non Farm Private Isic B to P instead of Employees-Total,
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TABLE 4: Capital per occupied person K/N
(Dollars PPPs,prices levels and exchange rates 1995)

70-74 75-79 80-84 85-89 90-94 95-97
AUS  Australia 82,4042  98,278.7 110,053.3 116,963.4 116,823.1 116,182.0
CAN  Canada 61,3252 64,6404 654980 61,3278 609766 59,8652
FIN  Finland 73,8521  92,547.3 103,726.7 119,247.2 138,094.9 136,959.7
FRA  France (**) 62,477.3  84,362.5 102,072.3 108,989.8 120,406.8 124,458.8
DEU  Germany 91,602.9 110,509.6 129,186.4 136,029.3 123,942.9
ITA  ltaly - 1559220 162,053.7 178,026.7 192,552.8
NOR  Norway -~ 100,701.4 105,071.7 126,408.6 140,314.4
GBR  United Kingdom 84,352.8 99,6425 104,583.4 107,014.8 106,832.0
USA  United States (***) 96,081.9 111,203.5 120,395.6 119,198.4 121,263.7 125447.6
No. of Countries 7 8 9 9 9 6
Average 78,870.9 952357 110,723.3 117,470.3 122,964.6 125911.0
Standard Deviation 13,556.3 15157.9 24,2811 26,813.3 31,049.7 42,4788
Coefficient of Variation 0.1719 0.1592 0.2193 0.2283 0.2525 0.3374
(*)  Civilian Labor Force instead of Total Labor Force
(**)  Unemployment-Registered instead of Unemployment-Total
(***) Employees-Employment Total Non Farm Private Isic B to P instead of Employees-Total,
TABLE 5: Growth rate in Capital per occupied person k; (1 year)
(Dollars PPPs,prices levels and exchange rates 1995)
70-74 75-79 80-84 85-89 90-94 95-97
AUS  Australia 0.0551 0.0245 0.0217 -0.0009 0.0089 -0.0271
CAN  Canada 0.0193 0.0037 0.0020  -0.0146 0.0030  -0.0111
FIN  Finland 0.0748 0.0287 0.0205 0.0378 0.0191 -0.0199
FRA  France (**) 0.0866 0.0435 0.0279 0.0135 0.0181 0.0069
DEU  Germany 0.0433 0.0424 0.0205 0.0075 -0.0225
ITA  ltaly 0.0218 0.0080 0.0294 -0.0007
NOR  Norway 0.0150 0.0158 0.0451 0.0152
GBR  United Kingdom 0.1413 0.0094 -0.0062 0.0147 -0.0245
USA  United States () 0.0433 0.0246 -0.0012 0.0055 0.0050 0.0123
No. of Countries 7 8 9 9 9 6
Average 0.0663 0.0240 0.0137 0.0130 0.0057 -0.0066
Standard Deviation 0.0398 0.0144 0.0121 0.0184 0.0184 0.0155
Coefficient of Variation 0.6003 0.6002 0.8899 1.4191 3.2079 -2.3369

(*)  Civilian Labor Force instead of Total Labor Force
(**)  Unemployment-Registered instead of Unemployment-Total
(***) Employees-Employment Total Non Farm Private Isic B to P instead of Employees-Total,
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TABLE 6: Results of the estimation of model [7].
Yy =by+b,-Time+b,Se, | + b3(Y/N),~H + ZdiDi +¢,

Coefficients

1 year productivity growth

5 year productivity growth

(Explanatory With Without
variables) ! 2 3 overlapping  overlapping(’)
by (Interception) 0.0131*** 0.0429*** 0.0452** 0.0594*** 0.0591***
(0.0030) (0.0051) (0.0169) (0.0078) (0.0173)
b1 (Time) -0.0002** 3.12E-05 0.0011*** 0.0013*** 0.0067***
(0.0001) (0.0001) (0.0003) (0.0001) (0.0016)
b, (Sei1) 0.0601*** 0.0305** 0.1533*** 0.0856*** 0.0821**
(0.0109) (0.0112) (0.0378) (0.0174) (0.0411)
bs ([Y/NJi1) --- -7 11E-07** -1.76E-06*** -1.97E-06*** -2.02E-06***
(1.02E-07) (4.27E-07) (1.91E-07) (4.35E-07)
Country Dummies NO NO YES YES YES
Adjusted R? 0.0688 0.1520 0.2137 0.5949 0.5140
F value 19.105*** 30.267*** 6.3255*** 25.600*** 4.8346**
Durbin-Watson 1.6169 1.7032 1.7961 0.4621 2.1998
No. observations 491 491 491 403 88
Standard error in brackets.
* Rk Rk significant at 10, 5 and 1%, respectively
(") Periods 1972-76, 1977-81, 1982-86, 1987-91,1992-96, 1997-2002
TABLE 7: Robustness of results of Table 6
v, =by+b -Time+b,Se, , +b,(Y/N), +bk, +b(K/N), ,+> dD, +e,
Coefficients All countries Sample() Countries with Capital Data
(Explanatory 1980-2002  1990-2002 1970-2002 1970-1997
variables) 1 2 3 4 5 6
b (Interception) 0.0626*** 0.2715*** 0.0337* 0.0485 -0.0238 0.0071
(0.0222) (0.0388) (0.0195) (0.0391) (0.1559) (0.0362)
b1 (Time) 0.0016*** 0.0057*** 0.0009** 0.0011* 0.0006** 0.0018***
(0.0004) (0.0008) (0.0004) (0.0006) (0.0003) (0.0005)
b, (Sei1) 0.1811*** 0.3481*** 0.1998*** 0.1408 0.1477* 0.1965**
(0.0503) (0.0977) (0.0505) (0.0942) (0.0765) (0.0940)
bs ([Y/N]i1) -2.16E-06*** -7.30E-06*** -1.56E-06*** -1.85E-06** -3.55E-06***
(5.20E-07)  (8.37E-07)  (4.88E-07)  (8.87E-07) (1.01E-06)
by (kit) - 0.3883*** 0.4337***
(0.0590) (0.0597)
bs ([K/NJi1) - - 7.54E-07***
(2.51E-07)
Country Dummies YES YES YES YES YES YES
Adjusted R? 0.2111 0.4059 0.1647 0.0900 0.2495 0.2939
F value 5.0780*** 7.5598*** 5.3519*** 2.7080** 6.7435*** 7.0827***
Durbin-Watson 1.8134 1.6851 1.8233 1.8475 1.7333 1.5763
No. observations 382 241 332 191 191 191

Standard error in brackets.
* Rk Rk significant at 10, 5 and 1%, respectively
(') Only countries with homogeneous data: Belgium, Czech Republic, Denmark, France, Japan, Korea, New Zealand,
Slovak Republic, Switzerland and USA data excluded. Notes (*), (**) and (***) in Tables 1-5.
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