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ABSTRACT

This paper estimates the parameters of the ideas production function crucial to recent
ideas-driven growth models. Using U. S. patents granted to residents in OECD
countries in order to construct the stock of commercially used ideas, we provide
evidence for two main findings. First, at the level of the production of ideas, we find
evidence of increasing returns to scale in the stock of ideas and number of researchers,
but marginal decreasing returns in each one of these factors. Second, we provide
evidence of the association between ideas growth and economic growth, for the OECD

as a whole, in the long run.
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RESUMO

Neste artigo estimdmos os parametros de uma fungdo de producdo de ideias, tarefa
crucial para avaliar a ades@o dos modelos recentes de alteracdo tecnoldgica endégena a
evidéncia empirica. Utilizando os dados sobre patentes norte-americanas, atribuidas a
residentes nos paises da OCDE, de modo a construir stocks de ideias comercializdveis,
o presente trabalho fundamenta duas conclusdes principais. Primeiro, ao nivel da
producdo de ideias, verificdmos a existéncia de rendimentos crescentes a escala no
stock de ideias e niimero de investigadores, mas rendimentos marginais decrescentes
em cada um destes factores. Em segundo lugar, verificimos uma associagéo entre o
crescimento das ideias e o crescimento econémico, para a OCDE como um todo, no
longo prazo.

Palavras-chave: Crescimento enddgeno, externalidades, inovacdo, intervengdo

publica, patentes.
Classificacdo JEL: 031, 040.



1. INTRODUCTION

A crucial economic attribute of knowledge, highlighted in recent models of
endogenous growth, is that ideas are both non-rival and cumulative. Non-rivalry
implies that one person’s use of an idea does not prevent another person from using it
at the same time. Moreover, ideas are cumulative: one precise idea leads to another
idea which may in turn lead to yet further ideas. Analysis of these attributes of non-
rivalry and cumulative feedback has led growth theorists to speculate that investment

in the generation of ideas can be the engine of long-run growth.

Ideas are nonrivalrous goods, but they vary to a large extent in their degree of
excludability. Nonrivalrous goods that are basically unexcludable are labelled public
goods. The public-good nature of knowledge, that is, non-rivalry in association with
the impossibility of excluding someone from its benefits, leads us to expect market
failure. When others reap the benefits of someone’s new ideas, market forces alone are
unlikely to generate the optimal level of investment in knowledge — implying a need

for government intervention.

A crucial difference between the neo-classical and the new growth theories concerns
the question of whether the long-run rate of growth of the economy is an exogenous
constant, or whether it can be influenced by public policy. To the extent that
technological change is endogenous in ideas-driven models, we expect the generation
of ideas to have long-run growth effects in addition to the conventional prediction of
level effects. Putting it another way, the question is whether policies and institutions
that influence the rate of accumulation of physical capital and/or knowledge have

long-run effects on the level of economic activity or on its rate of growth'.

Another crucial debate within the new growth theory is centred on the role of the
“ideas” sector in sustaining equilibrium productivity growth. In Romer’s seminal
model of endogenous technological change, productivity growth is driven by a
constant allocation of resources to an ideas-producing sector (Romer, 1990), a result
that depends critically on strong positive intertemporal spillovers in the ideas
production. Specifically, to generate ideas-driven growth, ideas sector productivity

must increase proportionally with the stock of ideas already discovered. The

! However, for purposes of practical policy-making, this distinction may be relatively unimportant — if
the ‘long-run’ never arrives. If economies are subject to shocks of sufficient magnitude and frequency,
it may be difficult, if not impossible, to tell how the long-run growth path really looks like.
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significance of ideas-driven growth therefore depends on whether the ideas production
function satisfies this critical property. To evaluate this claim, several authors have
examined the relationship between the total factor productivity (TFP) growth rate and
the size of the workforce devoted to the production of ideas (Jones, 1995; Coe and

Helpman, 1995).

The ideas-driven model, with the assumptions made by Romer, predicts that expansion
in the number of researchers leads to a permanent increase in the TFP growth rate. In
contrast, the empirical evidence suggests that most OECD economies have increased
the size of their R&D workforce, while experiencing (at best) constant TFP growth
rates. This weak relationship between the number of reserchers and the TFP growth
rate has led some to question the viability of ideas-driven growth for the long run

(Jones, 2001)%.

This paper aims at contributing to the empirical understanding of the economic growth
by estimating the shape of the ideas production function and the strength of the
intertemporal spillovers in ideas. We shall examine the pattern of patents granted in
the United States to inventors from OECD countries, and use the patent counts to
construct a stock of commercially relevant ideas. This stock of ideas, together with the
number of researchers, will allow us to evaluate the determinants of the flow of new
ideas directly. First, we’ll separate ideas production from the more general relationship
between the ideas sector and the overall productivity growth. Accordingly, by
computing the stock of ideas over time, we’ll be able to estimate explicitly the strength
of the spillover from ideas-to-ideas. But, if the generation of ideas is the engine of
growth, we should expect to find that embodied human capital — skills and abilities —
also affect long-run growth. Ideas do not reproduce themselves without the input of
highly skilled researchers. So, we’ll compute the elasticity of new ideas with respect to

the number of researchers, too.

Secondly, we’ll address the long-run evolution of the GDP per worker and of ideas. In
order to attain this goal we’ll examine the statistical association between the evolution

of measured ideas and the GDP per worker variation, in the OECD as a whole.

The following section describes the characteristics of ideas-driven models that have

been identified by recent theories of economic growth and presents the theory that

* Several authors instead argue that productivity growth rates can be explained by factor accumulation
including the accumulation of human capital (Barro, 1991; Mankiw, Romer, and Weil, 1992).
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supports the model used in empirical tests. In section 3, we explain the construction of
our stocks of commercially used ideas and the data used. The empirical findings about
spillovers are depicted in section 4. Section 5 compares the evolution of ideas with the

economic growth. Finally, section 6 concludes.
2. THEORY

Several authors have discussed the attributes of knowledge that make it significantly
different from the accumulation of items of physical capital (Romer, 1990, 1993).
These special attributes are: non-rivalry and dynamic feedback. Once a new idea has
been generated, it can be used simultaneously and cost-free in many different
processes. Furthermore, the idea can serve as an example and inspiration for further
research. But the properties of non-rivalry and feedback also suggest that the market
may fail to allocate sufficient resources to knowledge generation because individuals
have difficulty in establishing and enforcing property rights over their new ideas —
some of the benefits of an innovation are likely to accrue to others. When the private

return to innovation is less than the social return, governments need to subsidise R&D.

R&D expenditures typically constitute, for advanced economies, only a few percent of
GDP — perhaps one tenth of the expenditure devoted to investment in physical
equipment and structures. In a standard growth accounting framework, variations in
the research effort will, therefore, explain very little of the differences in growth rates
between countries. But the point of much of the new growth theory is precisely that if
knowledge spillovers are substantial, and if knowledge exhibits dynamic feedback
effects, then even small changes in the resources devoted to the production of

knowledge may result in substantial changes in economic growth3 .

In order to approach the empirical tests, we’ll start with the basic formulation of an
endogenous growth model. In a simple formulation of a varieties model, output, Y, is

given from an aggregate production function as:

A
Y=BLY1_“Ixj“dj (1)
0

? Grossman and Helpman (1991) calibrate their model to match the US growth experience, and
emphasize this point. They predict that, whilst business investment constitutes around ten percent of
GDP, investment in R&D — the engine of growth — needs to comprise as little as 1.6 percent to
generate economic growth of 2.5 percent per year.
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Where B is an exogenous technology factor, L, is labour input, x; is the quantity
employed of intermediate input of type ]4, A is the number of varieties of intermediate

products that are currently known and used and 0<ea<1.

In Romer’s seminal model of endogenous technological change, there are three
sectors: one sector producing final goods, one sector producing intermediate-goods
and another making research and development (R&D). So, the output stream, Y, can

be consumed, used as intermediate inputs to production or allocated to R&D.

In equilibrium, each intermediate is employed at the same level, x=K/A, where K

represents capital stock. Hence, equation (1) can be written as:
a
Y =BL 1‘“A(§j )

Or, presenting production function in its more common form:
y = BK*(AL, )™ 3)

Describing the way as capital stock, K, and labour input, L,, combines to produce
output, Y, using the stock of ideas A. Technological progress occurs through R&D
outlays that rise A over time. For a given technological level A, equation (3) exhibits
constant returns to scale. However, when we recognise the non-rival nature of ideas
(Romer, 1990), then there are increasing returns. In other words, the production
function exhibits constant returns to scale in capital and labour inputs, and therefore

must exhibit increasing returns with respect to all three inputs: K, L, and A.
For simplicity, we admit that capital and labour accumulates as in the Solow (1956)
model: capital accumulates according to some given investment rate, s,, and

depreciates at the exogenous rate & :

K=s5,Y-6K “4)
Total labour (L) in the economy, is used either to produce output (L,), or to produce

ideas (L, ):

L=L +L, 5)

* Alternatively X;j may be treated, for simplicity, as non-durable. In that case X; represents the service
flow from the jth type of capital good.
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And grows exponentially at some constant and exogenous rate n:
L, =Lye" (6)

In the long run, along a balanced growth path, two important questions may arise:
what is the growth rate predicted by the model? And, what is the rate of technological
progress? The first question has an answer, which is similar to the one that occurs in
the neo-classical growth model, that is, if there is a constant fraction of the population
in the production of ideas, the model predicts that all per capita growth is due to
technological progress. In other words, per capita output, the capital/labour ratio and
the stock of ideas must grow at the same rate, along a balanced growth path. That is,

no technological progress means no growth.

In order to answer the second question, we need to draw the ideas production sector,
and specifically the way new ideas are invented. One can imagine several possibilities
for the rate at which researchers discover new ideas. This rate may be a constant, or it
can depend on the stock of ideas that have already been invented, or even it may
depend on the number of researchers. In the simplest case, the number of new ideas,

A, is equal to the number of researchers, L,, multiplied by the rate at which they

discover new ideas, y . Thatis, A= L,

Every individual researcher views his produced ideas as new, and feels constant

returns on his investigation. He or she produces y new ideas. However, in the

economy as a whole, the aggregate research effort doesn’t generate an output equal to
the resulting sum of the individual efforts. It is very plausible that some different
researchers find out the same commercially relevant ideas. So, we can represent by A
a negative externality that result of duplication, and the aggregate function takes the

form:

A=gL,* (7
Where A is a parameter between 0 and 1. But the rate y, itself, may depend on the
number of ideas already discovered, that is:

x=m’ (®)



Where ¢ specifies the grade of dependence between y and A, and z>0 is a
constant’. With the equation 8, if ¢ >0 the productivity of research increases with the
stock of the ideas that have already been discovered. If we assume ¢ =1, the number of

new ideas is also proportional to the stock of ideas discovered in the past and the
growth rate of ideas becomes itself proportional to the number of researchers. In this
case, like in Romer’s model, it is the number of people engaged in research and

development that drives long-run growth.

In fact, in addressing the problem of limits to human capabilities, Paul Romer
emphasises the distinction between human capital — the skills and abilities that are
embodied in individual humans —, and ideas, which are disembodied knowledge. He
focuses on the properties of the latter category, the world of ideas and research,
supposing that there is sufficient dynamic feedback in the research sector to generate
endogenous growth and that the scope for developing new ideas is limitless.
According this, the mathematical representation of the generation of new ideas, in

Romer’s model, is:
A=7l,A. 9)

Where A represents the number of new ideas created at time 7, L4 represents the
amount of human capital, or the number of researchers, devoted to innovation, and A

represents the stock of ideas existing until time .

As it is apparent from equation 9, Romer assumes that the productivity of the research
is directly proportional to the extant stock of knowledge6. In the accumulation of
disembodied ideas, rather than embodied skills, it is indeed plausible to suppose that
the level of current output might be directly proportional to the size of the stock. The
more ideas that we have to draw on, the easier it is to generate new ones. Moreover,
ideas do not necessarily disappear when their developer dies — they can typically be
recorded and transmitted at minimal cost. Implicit in Romer’s formulation of research

output is the idea that there is an evenly distributed and infinite universe of potential

S Zis usually assumed as constant. But, 7 may depend, within other factors, on institutions and
political choices, on the more or less innovation-friend environment, and on the linkages within
innovation infrastructure and industrial clusters.

® This is the “standing on shoulders” hypothesis of knowledge accumulation, so labeled by Jones
(1998), in reference to Isaac Newton’s disclaimer: “If I have seen farther than others, it is because I was
standing on the shoulders of giants”.
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ideas waiting to be discovered. So, a given amount of research effort will produce a

predictable number of new ideas’.

Jones (1995, 1998) criticises some of the key assumptions underpinning the Romer’s
model. In particular, he suggests that knowledge formation may become more difficult
over time as the easy ideas are discovered first, leaving subsequent researchers with a
pool that has been “fished out”. He also suggests that researchers may often duplicate
each other’s efforts: “stepping on toes” rather than “standing on shoulders”. So,
according to Jones, the ideas production function took the form, which is obtained by

combining equation 7 with equation 8%
Amrl, A? (10)

In the ideas production function 10, two kinds of externalities may be represented.
One, related to the R&D workers (4 ) and the other associated to the existing stock of
ideas, which occurs with ¢#0. For instance, 4<1 may reflect a negative externality
associated with duplication: some of the ideas created by a researcher may not be new
to the economy as a whole. On the other hand, we can think of existing externalities
associated to the stock of ideas: when ¢ >0 the R&D productivity increases with the
already discovered stock of ideas, reflecting a positive knowledge spillover; when

¢ <0, the “fishing-out hypothesis”, R&D productivity decreases with the increased
stock of ideas: the ideas discovered first are the easiest to find. So, knowing ¢ and A is
essential to contribute to the ideas driven-growth debate.

Now we can think about the second question: what is the rate of technological

progress? As Jones (1998) shows, the answer is given by the formula:

A In

A1 (15
That is, the long-run growth rate of the economy is determined by the parameters of
the production function of ideas and the rate of growth of researchers, which is

ultimately given by the population growth rate, n. If A=1 and ¢=0, ideas production

function takes the form A=xL, and researchers productivity is the constant r,

7 Otherwise, we can allow the fluctuation of the discovery rate, as Aghion and Howitt (1998)
summarized in their discussion of General Purpose Technologies.

8 Equation 10 can also be seen as a more general form of equation 9, if we are assuming A =1 and

P=1.



meaning that there are no negative duplication externalities in the research process and
the productivity of a researcher in the present is independent of the ideas discovered in
the past. If L, keeps constant, with A1=1 e ¢=0, the economy generates a constant
number of new ideas in every period, meaning that the stock of ideas growth rate
decreases over time, though technical progress don’t ceases. In order to have growth,
the number of new ideas must grow over time. One way of achieving this outcome is

to assume that the number of researches shall rise over time, too.

Dropping ¢ =0 restriction, there is a special case in which a constant research effort

can generate long-run sustained growth. If A=1 and ¢=1, as in the model of Romer
(1990), the differential equation %:ﬁLA which leads technological evolution, is

linear and the model predicts that research productivity increases over time, even in
the presence of a constant number of researchers. But, with these assumptions, an
increase in the dimension of the economy leads to an increase in the per capita growth
rates of the economy and generates an infinite growth in the long run. This prediction
wasn’t corroborated by time. On the contrary, in the last half-century the economic

growth rate was actually rather inferior to the researchers’ growth rate’.

But the fact that the number of researchers is growing more than per capita GDP,
doesn’t necessary mean that there aren’t increasing returns in investigation, or positive
knowledge spillovers. It only means that the empirical experience indicates that the

case of ¢ =1 is highly unreliable'™.

Assessing if function 10 is empirically verifiable in OECD, and finding out the
parameters A and ¢, are fundamental tasks to understand the dynamics of ideas
generation and the way these ideas affect the economic growth. So, the next section
reports the data and the process we have used to construct the stock of commercially

relevant ideas, necessary to test empirically the ideas production function.

3. DATA AND THE STOCK OF IDEAS

In order to assess the empirical evidence, we’ll start with equation 10. Taking natural

logs, we have:

° It’s worth to note that in the late half-century the number of researchers registered has increased much
more than the population, whose growth rate is generally pointed as a limit to the L, growth.

10 Also the case of @ >1 doesn’t seem very acceptable, as it implies acceleration in the economic growth
rate, even with a constant population.



InA=Inz+AInL, +¢InA (12)

Equation 12 may give estimates to the parameters 4 and ¢ by Least Squares methods,
considering Inz constant and assuming that we have dataon A, L,, and A. For L,

we’ll use researchers data of OECD. The use of the number of researchers supplied by
the statistics, as proxy of L,, is subject to critique. We are conscious that these figures

exclude the effort of many small firms, so as the resolution of technical problems at
the firm level, which generate improvements in products and processes. In order to
estimate the ideas production function, in the absence of a better proxy, we use the
number of researchers (full-time equivalent), given by OECD (MSTI database) as an

index of the number of workers that create economically relevant ideas.

The choice of indicators for A and A deserves some additional comments. The most
obvious indicators, in order to construct the stock of ideas ( A ) and the number of new
economically useful ideas (A), are the R&D outlays and the patent counts. Coe and
Helpman (1995) have built stocks of ideas to which they have given the name of R&D
capital stock for 21 OECD countries, plus Israel, making use of business sector
research and development expenditure (BERD) data. In the present paper, we shall use
utility patents granted in the United States to residents of OECD countries in order to
construct the proxies of A and A. The main reasons to have chosen patent counts

instead of BERD are as follow.

Theoretically, a patent does represent a minimal quantum of invention that has passed
both the examination of the patent office, as to its originality, and the test of the
investment of effort and resources by the inventor and his organisation into the
development of this product or idea, indicating thus the presence of a significant
expectation as to its final utility and marketability. These characteristics suggest
patents as an output indicator of inventive activity appropriate to measure ideas and
the stock of ideas. But, there is a correlation between business enterprise R&D
expenditures (BERD) and patent counts, as we can observe in figure 1, which shows
the association between BERD, for 28 OECD countries“, in 1997, and patents granted

in the United States to inventors residents in each one of those countries. Both

" Totality of OECD minus Luxembourg, which doesn’t present data on R&D, and Slovakia whose data
on patents are less reliable.
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