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ABSTRACT

This paper critically examines exogenous and endogenous neoclassical theories of
growth, paying particular attention to the assumptions about marginal returns to factors
and returns to scale. It shows that the insistence on basing theories of growth on the
traditional and flawed marginalist explanation of distribution extracts a heavy price, in
the form of a number of deficiencies in the treatment of subjects like the relationship
between accumulation and growth and increasing returns to scale, together with many

implausible results and the need for artificial assumptions.

I. Introduction

Our purpose in the present paper is to present a critique, from a Sraffian point of
view, of modern neoclassical theories of growth that have attracted so much attention
over the last decade or so, both in their original exogenous version and in their
endogenous version.'

We try to show how these growth theories pay a heavy price for being based on

the neoclassical theory of distribution which is used, in their models, to ensure full
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he would like to thank the CEPAL staff and in particular R. Bielschowsky. Franklin Serrano also thanks
CNPg-Brazil for continuous financial support and Fabio Freitas (IE-UFRJ) for countless discussions on the
theme. Sergio Cesaratto thanks the Italian Ministry of the University for financial support.
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! The literature on modern neoclassical theories of growth is vast. For our purposes here it is worth noting
that the analytical structure of modern neoclassical growth models was clarified originally from a defensive
point of view by Solow (1992) and in a Sraffian critical perspective by Cesaratto (1995, 1999a,1999b).



employment of the labour force and full utilization of capital equipment. The need to be
consistent with such (in themselves quite unrealistic) full employment conditions forces
these theories to rely on extreme and artificial assumptions about technology and
technical progress.

We first outline (in section II) how the neoclassical theories of distribution and of
the utilization of factors of production require decreasing marginal returns for capital
accumulation (and in general for an increase in the use of any factor). Indeed, these
decreasing marginal returns are the reason why many scholars are dissatisfied with
exogenous growth models such as that of Solow, because they render the steady state rate
of growth of the economy independent of the savings ratio.

Following this (in section III), we show how these theories retain decreasing
returns for capital, in general, even when including externalities and economies of
learning (as also embodied technical progress). Worse still, these variants of the Solow
model that include externalities (and, more generally, any neoclassical model of growth
with increasing returns of scale) inevitably generate the particularly implausible result of
a strong positive causal relation between the rate of growth of population and the rate of
growth of labour productivity, a relationship that seems to suggest that a permanent
demographic explosion is the fastest route to catch up with the first world. We thus see
that, in general, Solow's model is introduced with the hypothesis of constant returns to
scale not because of analytical difficulties, but to avoid results that are even more
implausible than those of the original model.

Finally (in section 1V), we deal with the modern theories of endogenous growth,
whose striking characteristic is the complete elimination of decreasing returns both to
physical capital (AK models) and to the stock of 'knowledge' (Lucas), so that the factor
that can be accumulated has constant marginal returns. We see that these models, which
already depend on very artificial hypotheses about technology in which the labour force
is assumed to be constant, require even more extreme and artificial hypotheses in the case
of a growing labour force. These additional hypotheses must bring down to zero the
marginal product of labour; else, with constant returns either for physical capital or
'knowledge', the economy will have ever-accelerating growth rates for any positive rate

of growth of the labour force.



We close the paper (section V) with three additional critical remarks.

I1. Decreasing Marginal Returns to Capital in the Neoclassical Theory of Exogenous
Growth
[I.1 Constant returns to scale and decreasing marginal returns for each factor

According to the neoclassical (or marginalist) vision of the operation of the
market mechanism, in any competitive economy in which there is production, goods
themselves are not scarce (because they can be produced) and therefore equilibrium
prices necessarily have to cover the costs of production. In this context, the explanation
of relative prices in terms of 'scarcity' requires that the factors of production that are used
to produce the goods are what must be scarce. This notion of scarcity of 'factors' comes,
as we know, from the idea that the endowments of the factors are exogenous and that it is
possible to derive general equilibrium (excess) demand functions for these factors which
are inversely related to their respective prices. This inverse relation between the relative
price and relative quantity demanded of a factor, evidently, is based on the so-called
principle of substitution through direct and/or indirect factor substitution.”

However, neoclassical theories of growth are usually based on models in which
the economy produces a single homogenous product that is at the same time the only
consumption and capital good in the economy, eliminating, at the very outset, an explicit
analysis of indirect substitution and enabling the sole consideration of direct substitution.
This is resorted to because the principle of direct substitution in production applies
rigorously only in the case of methods of production that differ in the proportions of the
factors used, whose quantities are specified in physical terms.

Even in such a context of severely limited generality, it is important to recall that
the principle of substitution is derived from previous hypotheses about the exogenous
nature of endowments of the factors of production and the existence of a multiplicity of

available methods of production, all of them characterized by constant returns to scale

* Direct substitution occurs when a fall in the price of one factor induces the choice, for each good, of
methods of production that use this factor more intensively. Indirect substitution happens when, even
without changing the production methods, the fall in the relative prices of goods that use more intensively
the factor that became relatively cheaper leads consumers to change their choices, in favour of consuming
in larger quantity goods that use more intensively the factor that got cheaper (see Serrano, 2001).



(that is, methods in which the product would increase proportionally if the quantity of all
factors are simultaneously expanded).

Decreasing marginal productivity, or decreasing returns to increases in each
factor, keeping some other factor fixed, is not a hypothesis about technology but the
combined result of the use of technology with constant returns to scale and exogenous
endowment of factors.

As the quantity of the other factors is in principle exogenous, the utilization of
additional quantities of a factor inevitably requires a change in the production method in
use. This change will be in the direction of a method that has the disadvantage of having
a lower product per unit of the factor that is varying, but at the same time uses
proportionally less of the other factors, so that it becomes possible to increase production.

In fact, if it were always possible to automatically ensure parallel expansion of the
quantities of all the other factors, the economy would continue using the same constant
returns to scale methods on a larger scale. On the other hand, if several methods using
different proportions of the factors were not available, the marginal product of an
additional unit of a single factor would be zero, once full utilization is reached of the
factor that is given.

Thus, if the endowment of a factor is exogenous and there is a multiplicity of
methods (each one with constant returns to scale), we may deduce that the economy will
produce with decreasing marginal products for each separate factor.

The demand of profit-maximizing producers for these factors, in such an
economy, will be inversely related to the relative price of each factor. Because of
decreasing marginal productivity, it will only be lucrative to increase the utilization of a
factor, given the utilization of the others, if its price falls together with its marginal
productivity.

A principle of substitution is thus derived, allowing for the construction of factor
demand curves which, together with the factor endowments (and supply curves),
simultaneously determine the relative price and quantity used of each factor.

In these theories, the prices of the factors tend to be proportional to their marginal
productivities and there is a tendency towards full utilization of the endowments

(including their owners' own demand).



For our purposes here it is important to stress that it is this kind of thinking about
the determination of distribution, in terms of the supply and demand of factors, and
particularly the hypothesis that all methods have constant returns to scale, that allows the
neoclassical growth models to obtain full employment of all the factors (see Serrano,
2001, for a summary of the main objections to this presumed tendency). Therefore,
constant returns to scale and decreasing returns for each factor are essential
characteristics of the neoclassical explanation for the operation of the competitive market
mechanism, and not hypotheses about technology, which can be changed at will
according to empirical convenience.

However, as we shall see, these characteristics of the neoclassical models end up
generating results that are sometimes considered undesirable in the theories of growth. In
fact, the major part of the analytical effort in this area has been about how to reconcile
some evident characteristics of the real world within the neoclassical theoretical structure

that does not easily accommodate them.

I1.2 Solow's model without technical progress

Let us suppose, initially, that there is no technical progress. We will depict this with a
Cobb-Douglas ‘production function’ as follows:

Y =F(K,L)= AK‘L"™

where ‘A’ is a constant, 'a' is the share of capital and ‘1-a’ is the share of labour in the
product.’ As a<l the function incorporates constant returns to scale (a + (1-a) = 1) and
decreasing marginal returns for each factor separately (a<I and (1-a)<lI) .

It is important to remember that use of this ‘production function’ presupposes the
logical validity and empirical relevance of the neoclassical model of general equilibrium
(Serrano, 2001); that is, it presupposes market clearing in factor markets.

The agents save a constant fraction of the product (produced at full employment and

full capacity utilization). Therefore the saving will be:

3 The peculiarity of the Cobb-Douglas production function is that, due to the (very strong) hypothesis of
unitary substitution elasticity, the contribution of each factor to the product is constant; that is, we can take
'a' and 'l1-a' as parameters. Any other production function, with constant returns to scale, would generate
results qualitatively similar. Since our objective is critical, we will always use the simplest formulation.



*

S=sY

where 's' is the fraction of income saved or the savings ratio.

In terms of the production function, we can see that the growth rate of the
economy will be an average of the growth rate of capital and of labour, weighted by the
share of each of the factors in the total output. This share in the total product is given by
the exponents 'a' and ‘1-a’ of the production function. We can formally define the growth
rate of the product in the production function as:

g=a gt (l-a)n
where ‘g’ is the growth rate of the product, ‘n’ is the growth rate (supposedly exogenous)
of the labour force, and ‘g’ is the growth rate of the capital stock.

The growth rate of the capital stock is as follows:

ool
LK

Since, according to neoclassical theory, the potential or full employment [see

Serrano, 2001]) saving determines investment, we can replace the level of investment by

an expression that defines the level of saving of the economy. Thus we have:

¢

LK

Y/K = 1/v, where v is the capital-output ratio. Thus, the rate of growth of the

capital stock is as follows:

S

Bo=y

Therefore, the growth rate of the capital stock depends on the saving rate 's” and on
how much (potential) output is generated by each unit of existing capital in the economy.

The growth rate of the economy can thus be expressed as follows :

g=as/v+(l-a)n

* Notice that 's' denotes the marginal and average propensity to save. In this paper we will take 's' as given
exogenously and will not discuss its determinants. As pointed out by several authors (Solow, 1992;
Cesaratto, 1999a, 1999b; Salvadori & Kurz, 1997a, 1997b; Mankiw, 1995), the form chosen to determine
's' does not make much of a difference to the questions treated here. In fact, what happens when we allow,
for instance, the savings rate to be determined, a la Ramsey, by a process of dynamic optimization by
consumers is that the savings rate becomes elastic in relation to the interest rate. The stronger the
consumer's preference for present consumption over future consumption, the higher, ceteris paribus, the
savings rate will be.



However, every time the labour force, as also the full employment output, grows
more quickly than the capital stock (that is, 'n' and therefore 'g' as well are greater than
s/v), it will be necessary to keep the labour market in equilibrium; and in order to ensure
that all the additional workers are employed, real wages have to fall enough for firms to
be encouraged to adopt techniques that are sufficiently labour-intensive and that save
capital (the factor that is becoming relatively scarcer). This adoption of less capital-
intensive techniques leads to decreases in the capital-output ratio (because in the
production function the same K now generates more Y, since the system has
incorporated more workers L) . But if 'v' decreases the difference between n' and 's/v'
falls, since 's/v' increases.

Symmetrically, when the labour force and full employment output grow less
rapidly than the capital stock (n <s/vand g <s/v), a relative excess of capital occurs.
The increase in potential saving will transform itself fully into investment, keeping the
equilibrium in the market for capital, only if there is a fall in the rate of interest such that
it encourages the adoption of more capital-intensive techniques and techniques that save
labour (which become relatively scarcer). This change in capital intensity increases the
capital-output ratio (because now the same L generates more Y since it incorporates more
capital K). The increase in 'v' reduces 's/v' and progressively reduces the difference
between 'n', 'g' and 's/v' .

Thus, given the endogeneity of 'v' (a result of the neoclassical theory of
distribution, based on the equilibrium in factors markets obtained from the operation of
the principle of substitution and of the flexibility in prices of these factors), the economy
always tends towards a steady state growth path where:’

v=s/n

The equilibrium value of 'v' (which makes s/v = n ) ensures that the economy

grows at the rate:

> Notice that, in general, each equilibrium described by the production function is already a long-run
equilibrium. A steady-state equilibrium trajectory of growth is a secular sequence of long-run equilibrium
positions, which has the property that each new equilibrium position is similar to the previous one except
for a scale factor (in our case, the growth rate 'n'). For a discussion of the confusion between long-run
equilibrium and trajectories of steady state growth as one of the consequences of the change in method in
neoclassical theory with the introduction of the inter-temporal equilibrium idea by Hicks, see Garegnani
(1976, 1989) and Serrano (1988, Ch. 2).



g=(l-ajn +an

or

g=n

The economy tends towards a path of steady growth in which the growth rate of
the product is equal to 'n'. That implies that the steady state growth rate is independent of
the savings rate 's' . This occurs because any increase in 's', while it will translate into
initial increases of the growth rate of full employment output, will inevitably render the
rate of growth of the capital stock higher than the rate of growth of the labour force.
Decreasing returns to capital will manifest precisely because, in order to use these
increments of the capital stock, it will be necessary, over time, to move towards
techniques that use relatively more capital and less labour, which will end up
progressively increasing the capital-output ratio and slowing down the rate of growth of
the capital stock. This process will continue until the rate of growth of capital, even with
the new higher rate of savings, goes back to become equal to the growth rate of full
employment output, which, if 'n' does not change, will only occur when the value of 'v' is
reduced proportionally to the increase in 's'.

Thus, although the increase of the saving rate permanently affects the level of
output, due to decreasing returns to capital accumulation, we have a situation in which 's'
does not permanently affect the growth rate of output.

This result was considered undesirable by several authors who believe that there
is a strong empirical correlation between the growth rate of the product (and also of the
product per worker) and the investment rate, a correlation that is considered to be an
important stylized fact in the empirical analysis of long-run growth trends. This
dissatisfaction had an important role to play in the development of neoclassical models of
endogenous growth (see Solow, 1992; Cesaratto, 1999a, 1999b).

In any case, what is essential to keep in mind is that this independence of the
steady state rate of growth relative to 's' depends fundamentally on the existence of
decreasing marginal returns to capital and, as we shall see, it happens in any neoclassical

growth model that retains this property.

I1.3 Solow's model with exogenous technical progress



Technical progress in Solow's original model is of the disembodied kind, in the sense
that it does not depend on the introduction of new capital goods and affects equally old
machines and new ones. Additionally, it is the kind of disembodied technical progress
that is called labour-augmenting, whose only effect in the economy is to make each unit
of labour become more productive (but not affecting the efficiency of capital). When this
kind of technical progress occurs it is as if the economy is combining the same capital
stock with a larger quantity of labour, and it makes the full employment level of output
increase without an increase in either the labour force or the capital stock.

With technical progress of this kind, the production function is modified as follows:

Y = AK* (LH)"™®

Technical progress in Solow's model, being labour-augmenting, occurs by increases
in H while A stays constant. If technical progress is manifested as an increase in A, it
would be impossible to keep the economy on a steady-state trajectory, even with a
constant rate of saving. This is because technical progress of this kind would necessarily
allow, period after period, the same level of installed K to generate more output Y
(because A is growing), making the capital/output ratio fall continuously. But if this ratio
falls continuously over time and the savings rate is constant, the growth rate of the capital
stock of the economy would be accelerating all the time.

It is in order to avoid this that it is always assumed in the neoclassical models that
technical progress is labour-augmenting.® Otherwise, the model will never tend to a
steady state.

We will assume that technical progress grows over time at a rate 'h' which is constant
and given exogenously. Thus:

AH
.

h

In this case, the growth rate of the economy depends on one more element: the
growth rate of the efficiency of labour. The growth rate of the economy is now given by:
g=as/v+(1-a) (n+th)

The economy will tend to a steady state just as before, through adjustments in 'v'. The

® In non-neoclassical models for equivalent reasons it is supposed that technical progress is Harrod-neutral,
but that is another story.



difference is that now the steady-state growth rate is given by the sum of the growth rate
of the labour force and of technical progress.

What happens now is that when, say, due to an increase in 's', the growth rate of the
capital stock s/v is larger than the sum of the growth rate of the labour force 'n' and the
increase of the efficiency of labour 'h', and therefore also larger than the growth of full
employment output 'g', it will be possible to absorb this relative excess of capital only if
techniques are adopted that economize on labour, techniques that lead to increases in 'v'
and later reductions in the growth rate of capital, etc., exactly as we saw above. The only
difference here is that technical progress retards the operation of decreasing marginal
returns to capital, because it allows capital to grow up to 'h' per cent more than labour,
without needing to change the capital-output ratio to reduce the rate of growth of capital.
In this way, the steady-state rate of growth of the economy increases by the value of 'h'.”
Naturally, in the model with technical progress, the economy will be characterized by a
rate of growth in the product per worker, in the steady state, which is exactly equal to the
growth rate of the efficiency of labour 'h'. In the steady state, the capital-output ratio will
be:

v=s/(nth)
the growth rate of the economy will be:

g=n+h
and the growth of product per employed worker will be:

g—-n=h

III. Increasing Returns to Scale in Neoclassical Theories of Exogenous Growth
[11.1 Externalities and increasing returns to scale

As is well known, technologies that are characterized by intra-firm increasing
returns to scale are not compatible with the neoclassical model of perfect competition.
The tendency for costs to decrease would encourage the first firm expand output and
dominate the market completely, thus transforming it into a monopoly (see Sraffa, 1926,

1930). Therefore, the way in which increasing returns to scale can be accommodated in a

7 In graphical terms there is a shift of the demand curve for labour and in the demand for capital (but their
slopes do not change).



model such as that of Solow’s is through certain externalities, which are not taken into
account by individual firms which perceive their technology as being characterized by
constant returns to scale.®

A simple way of representing this in our scheme would be to rewrite the
production function as :

Y= AK*(LH)"
with (a;tay)>1, a;<l, a,<l.
That is, due to some positive externality for the economy as a whole, now a;+a, is greater
than 1, so that the production function is characterized by increasing returns to scale.

We will suppose, however, that both a; and a; are less than 1, so that decreasing
marginal returns to each factor taken separately will still prevail.

In this case it is easy to see that the growth rate of the economy will be given by:

g=a;s/v+ a;(n+h).

However, as the accumulation of capital leads to decreasing returns (a; <1) we know
that, as before, s/v would deliver a rate of growth which is the same as that of the
economy, g, which will in turn depend on the behaviour of exogenous technical
progress, of the growth of labour force and of the size of externality that causes
increasing returns. Note that h now represents only the growth rate associated with
exogenous technical progress which, as we shall see, is no longer equal to the growth of
the product per worker, if there are increasing returns to scale. The steady-state rate of
growth should now be calculated as:

g=aig+a; (nth)
which gives us

a4,

g= (n+h)

_a]

Notice that, if there are increasing returns to scale, the steady-state rate of growth

¥ The other alternative is to suppose imperfect competition in the goods markets. Many modern theories of
endogenous growth adopt this path to model the behavior of agents so as to internalise these increasing
returns. In this work we will not discuss these versions because our interest is in the hypotheses regarding
the “production functions” of the economy, which are fundamentally the same both in the competitive
models and in the imperfectly competitive ones (the latter being much more complicated and involving
even more ad-hoc hypotheses).



will be higher than the one in the model with constant returns to scale, with the
discrepancy depending on the size of the externality (however, it will never be twice as
large because, since we assume that each factor is still characterized by decreasing
marginal returns, the sum a;+a; will always be smaller than 2). Notice that, in this case,
the savings rate still has no effect on the steady-state rate of growth. In this economy,
even with the externality that results in increasing returns to scale, capital accumulation
still leads to decreasing marginal returns and therefore does not manage to sustain by
itself a permanent positive rate of growth without an increase in 'n' or 'h'. Therefore, all
that increasing returns to scale can do, given the existence of decreasing marginal returns
for capital, is to amplify the effect on the steady-state growth rate of the exogenous
increases in 'n' or 'h'.

Moreover there is an additional result. Notice that if the rate of growth of the
labour force is increasing, it is not just the rate of growth of output that increases but also
the rate of growth rate of the product per worker (because the term [a,/(1-a;)] is greater
than 1).”

The idea that the rate of growth of the product per worker is a positive function of
the rate of growth of the endowment of labour is clearly implausible (for, if it were true,
we would have observed that countries that have experienced demographic explosions
would have grown persistently faster than those that did not). Unfortunately, for those
who use the neoclassical notion of market clearing in the markets for factors, this result is
inevitable in an economy with increasing returns. Therefore, as has indeed been noted by
Solow (Solow (1992)), it is fully possible to incorporate increasing returns to scale in his
model. The problem, which Solow curiously does not emphasize, is that this

incorporation leads to an absolutely unrealistic result that is not desirable.

II1.2 Economies of learning
We can illustrate better the same idea and the same results in another form. Now,
instead of talking about a generic externality that produces increasing returns to scale, we

are going to refer to an externality generated by capital accumulation through economies

? In fact, we can verify that the equilibrium rate of growth of the product per worker is
gn=[(a/(l-a;)) - 1]n+][ay(I-a))] h.



of learning (“learning by doing” in Arrow's sense).

This learning can be formalized in a simple way by making the efficiency of
labour H a function of a proxy of the previous experience of the economy. The most
obvious candidate to represent this experience is the stock of accumulated capital. Thus:

H=K*
where x measures the effect of the capital stock (via learning) on the efficiency of labour.
If we suppose that x<1 we obtain decreasing marginal returns for learning by itself.

If we introduce this learning function in the Solow growth model, instead of
assuming exogenous technical progress, we have:

Y=AK®(LH)"™

Y=AK*[L(K)*]"™®

That gives the following expression for the growth rate of the economy:
g=as/v+(l-ayn +[(1-a)x]s/v

where, if we assume that learning is characterized by decreasing returns, the expression
between the brackets becomes less than one and therefore capital accumulation, even
taking account of the positive learning externality, still has decreasing returns.

On the other hand, the economy, as x>0, necessarily has increasing returns to
scale equal to a+(1-a)x+(1-a), or [1+(1-a)x], which is clearly less than 2 as in the version
presented earlier.

Therefore, we see that the model with learning by doing is virtually identical to
the increasing returns model discussed above (apart from the fact that here we ignore the
exogenous component of technical progress, which could evidently have been
introduced).

Thus, because of the role played by decreasing returns to capital accumulation,
the capital stock in this economy ends up growing at the same rate as the product and in

the steady-state we have:

g=la+(-ax]g+(l-a)n

B (1-a)
& a+(-a)x]




which, dividing by (1-a) the numerator and the denominator of the term that
multiplies n, becomes
g=[1/(1-x) ] n.
Once again the presence of learning, while retarding the decreasing returns to capital
accumulation, does not eliminate it. Therefore, the steady-state rate of growth is still
independent of the savings ratio. Moreover, we find here as well, because of increasing
returns to scale, the embarrassing result that a higher rate of growth of the labour force
leads to an increase in the rate of growth of the product per worker (since 0<x <1 and

therefore x/(1-x) >0)."

IT1.3 Embodied technical progress

Nothing prevents us from incorporating in the Solow model the idea that technical
progress that increases the workers' efficiency is in good part embodied in new
generations of machines, instead of "falling from heaven" in disembodied form. That
would lead us to a vintage model, where the most recent "vintages" of capital goods
would make the workers equipped with them more efficient. We will not elaborate on
this case here so as to avoid mathematical complications. For our purposes it is enough to
note that the effect of embodied technical progress acts exactly as that of an externality
linked to capital accumulation does. This naturally makes the model exhibit increasing
returns to scale. On the other hand, this externality, as any other, it must be assumed, is
not strong enough to neutralise the decreasing returns to capital taken separately, or else
the economy would lose the mechanism that makes it always tend towards a trajectory of
steady-state growth.

But, if in the end the decreasing returns to capital accumulation are not entirely
neutralised, we return to a model that produces exactly the same results as that of the
Solow model with increasing returns to scale.

Only to illustrate this point, without putting down any further equations, we will
resort to an extreme example and assume that the economy we are dealing with only uses

circulating capital and therefore the whole capital stock is renewed in each period. In this

' Because, in this case, the growth rate of the product per worker is g-n = [x/(1-x)] n.



case, we would necessarily have to allow for a parameter such as t'x' above that would
now represent the elasticity of accumulation with respect to technical progress and be
strictly lower than one, so as to ensure that the economy would tend to a steady-state
typical of economies with increasing returns. In the case which we are dealing with, this
requirement would be represented by equations similar to those in section II.2 and
therefore generate the same undesired results. Of course a true vintage model is more
complicated than that since, with fixed capital, only part of the capital stock is renewed in
each period, but the general principle will necessarily be the same

To conclude, the discussion in this section of the paper shows that, while the
neoclassical theory is perfectly capable of accommodating externalities, learning and
embodied technical progress (provided that they are labour augmenting), their presence
by no means render the theory capable of explaining the association between capital
accumulation and growth. Additionally, the introduction of these elements delivers the
embarrassing result that an increase in the rate of growth of the labour force increases the
rate of growth of per capita product. Thus, not only does further capital accumulation not
lead to a steady-state with a higher rate of growth (exactly as in Solow's original model),
but also simply accelerating the growth of the labour force automatically solves the

problem of economic development!

IV. Neoclassical theories of endogenous growth

IV.1 Constant marginal returns to accumulation

The striking characteristic of the neoclassical theories of endogenous growth is
not the endogeneity of technical progress itself, because technical progress is endogenous
even in the models discussed in section III above, which are classified as variants of the
theory of exogenous growth. What defines these theories as being endogenous in
character is that decisions of economic agents (or of the government) with regard to
accumulation (saving), which in the neoclassical vision reflects their choice between
present and future consumption (of both goods or factors), affect directly the steady state
rate of growth of the economy.

We know that this does not occur in Solow's model due to decreasing marginal

returns to capital. Thus, the theories of endogenous growth are those in which



accumulation is associated with constant and not decreasing marginal returns. Therefore,
a larger accumulation effort (in a broad sense) will have the permanent effect of
generating a higher steady-state rate of growth. Within the class of endogenous growth
models, individual models can be distinguished and grouped together based on the factor
that can be accumulated for which constant marginal returns are postulated. For a first
group of theories, the factor concerned is physical capital (the so-called AK models). A
second group (referred to sometimes as models of the Lucas kind) postulates that it is the
accumulation of knowledge (in the form of learning, human capital or even number of
designs) which is characterized by constant marginal returns. Thus, the theories of
endogenous growth can be classified in two groups: models of constant marginal returns

to capital and models of constant marginal returns to knowledge.

IV.1 Constant Returns to capital accumulation

a) AK model without growth of the labour force

The central idea underlying this model can be illustrated in simple form using the
learning by doing model presented in the previous section.

In that model, the accumulation of capital led to a learning externality that increased
workers' efficiency. The externality was measured as:
H=K*, where x<1 .

The idea underlying the learning by doing model is that this externality, by
making capital accumulation automatically generate labour augmenting technical
progress, partially compensates the tendency of decreasing returns to capital. That occurs
because, when contributing to an increase in the efficiency of labour, this externality has
an effect similar to a situation where growth of the stock of capital, always and
automatically, increases the rate of growth of the labour force by x percent of the increase
in the capital stock. Now, in the so-called AK model, we are assuming that the externality
entirely compensates this tendency (because, with x=1, the increase of the capital stock
does increase the efficiency of labour by exactly the amount that is necessary to avoid a
change in the capital-output ratio). Thus we suppose directly that x=1 and therefore
H=K

Replacing this expression in the production function we have



Y=AK*KL)"?

Y=AKL"™?
Assuming for now that the labour force does not grow (n=0) and since the product grows

proportionally to accumulated capital, the rate of growth of the economy would amount
to:

g=as/v+(l-a)s/v

or

g=s/v

and as the labour force is not growing (n=0) the growth of the per capita product (g-n) is
also equal to s/v.

As capital accumulation is not characterized by decreasing returns, there is no
endogenous tendency to change the capital-output ratio of the economy, contrary to what
happens in the Solow model and its variants. Thus, if we double the saving ratio the
steady-state growth of capital and of output (both in absolute and per capita terms)

doubles permanently.

b) AK model with growth of the labour force

Unfortunately the results are drastically modified if the rate of growth of the labour
force is positive (n>0). For in this case the rate of growth in the above model is
necessarily given by:
g=s/v+(l-an
and the growth rate of the product per worker by:
g-n=s/v+(l-a)yn - n
g-n=s/v—an
Evidently the model above is incompatible with constant steady-state growth rates. It is
clear that if n>0 in each period the product always grows faster than the capital stock.
Therefore, period after period, the parameter v (the capital-output ratio) will be
decreasing and therefore the growth rate of the capital stock will be increasing relative to
the previous period. But to this higher rate of growth of the stock of capital corresponds
an even higher growth rate of the product in the following period, and so on. Any positive
n will make the rate of growth corresponding to a given saving ratio 's' accelerate
continually. The same will be true of the rate of growth of per capita productbecause with

the parameter 'v' decreasing continually for a given 's' the per capita growth rate



increases without limit. Therefore if the labour force is growing, rather than accumulate
capital more quickly to seize the externality, what agents should do is to save very little
and generate a demographic explosion, which does not need to be too big because any
positive rate of growth of the population quickly leads the economy to growth rates that
tend to infinity!

The result is even more implausible than that of the learning by doing model in
which, due to increasing returns in the economy, a constant rate of growth of the labour
force generated a positive per capita growth rate. The reason for this even less reasonable
result is that the learning by doing model still retained decreasing returns to capital,
which guaranteed that a constant positive growth rate of the population did not manage to
continually accelerate the growth rate, since there was a counteracting tendency in the
form of an increase in the capital-output ratio. This tendency is neutralized by assumption

in the AK model with n>0 and therefore the growth rate rises without limit."'

¢) AK model with the Frankel modifier

One way to avoid the above result is through a different specification of the
externality that is known as the Frankel modifier.'?

In this case, we introduce the hypothesis that the positive externality from capital
accumulation is not a function of the absolute stock of accumulated capital, but of the
capital stock accumulated per worker.

Thus:
H= (K/L)*

Assuming additionally that the externality is such that it exactly neutralises the
tendency to decreasing returns arising from the increase in the K/L, we have x=1

and therefore:
H=K/L

which is the Frankel modifier.

" An intuitive way of understanding what is occurring is to remember that the AK model is nothing more
than the learning model with x being equal to 1. In the equation that shows the growth rate of that model
we see that if x=1 the denominator falls to zero and the growth rate g=n/(1-x) tends to infinity.

12 Frankel's Model was "rediscovered" by Cesaratto (1995, 1999a and 1999b) as the endogenous growth
model that shows more clearly the meaning and limitations of this approach.



Using this modifier and replacing it in the production function, we have:
Y = AK*[(K/L) L]"®
Y =AK

The equation above shows that only in this case is it guaranteed that the growth in
the product is in fact proportional to that of capital stock (which is what is implied by the
title AK model), even if n is positive.

In this case, even with n>0, the growth rate of the economy is in fact given by:
g=s/v
while the growth of per capita product is given by:

g-n=s/v—n

In this model in fact there is no endogenous tendency for the capital-output ratio
to change and the steady state rates of growth, both in absolute and per capita terms, are
endogenous because they depend positively on the savings ratio.

However the model ends up with the curious result that, taking into account the
externality, the contribution of the growth of the labour force to the growth of the product
is zero. This is because the whole of the increase in the growth of the product due to the
employment of more workers n(1-a) is compensated by the technical regress induced by
the presence of more workers in relation to the capital stock (the denominator of K/L
increases in the same proportion to reduce the rate of growth rate by n(1-a)) .

Notice how this result implies that the model is characterized, after all, by
constant returns to scale because the marginal returns to capital are equal to 1 and that of
labour is zero (if labour had any positive contribution we would have increasing returns
to scale which, as we saw in item ‘a’ above, would combine with constant marginal
returns to capital to deliver a rate of growth equal to infinity). What the modifier does is
to cancel labour's contribution to the product since the growth of the labour force has the
effect of decreasing the product per worker proportionately (as becomes clear from the
equation representing per capita product growth which is a negative function of n). With
the modifier, labour has a big negative externality that is not easy to explain, except in
term of the technical need to eliminate the contribution of labour.

It is important, in spite of these sufficiently strange results, to stress that, again,

even with the modifier, if x is greater than 1 by a very small margin, the model tends to



generate explosive rates of growth because then capital accumulation by itself has
increasing marginal returns.

On the other hand, if x is smaller than 1 even by a little (say 0.99), the model
reverts to something very close to the previous learning by doing model that does not
generate endogenous growth. In fact, if we keep the modifier, the model with x<1 will
tend to a stationary state because the contribution of the labour force to growth is zero
and capital has decreasing marginal returns. Thus the AK model with the modifier only
works when x is exactly equal to 1 because any small deviation from this leads to zero or

infinite rates of growth.

IV.3 Constant Returns to Knowledge

We now turn to the second family of endogenous growth models in which
knowledge is the factor that is accumulated under constant marginal returns'>, while for
physical capital the usual characteristic of decreasing marginal returns is retained (Lucas
type models). These models are also called two sector models because there is a second

sector in the economy that produces the increases in the stock of knowledge.

a) Constant returns to knowledge with a constant labour force

We start with the case in which the labour force does not grow. The production function
for the sector that produces goods is given by:

Y = AK*((1-z)LH) "

where the only novelty is the parameter (1-z), which measures the proportion of the
labour force employed in this sector that produces goods. Thus, 'z’ is the proportion of the
labour force employed in second sector that produces knowledge, which transforms itself
directly into increases in the efficiency of labour H. This knowledge production sector

uses the following production function:

" The idea that "knowledge" can be treated as a "production factor" is not very easy to accept. It requires at
the least the possibility of defining a plausible theoretical index of quantity of accumulated "knowledge"
that is cardinal. If in fact "knowledge" is not a "thing" that can be summed and subtracted easily (as of
course it doesn't seem to be) it does not make any logical sense, as pointed out by Steedman(2001), to talk
about constant or non-constant returns. Also, according to Steedman, until now there is no valid
justification for this supposition about cardinality in the literature, which invalidates this whole family of
models.



AH=j(zL)H

which shows that the product of this sector, the new knowledge (equal to the
increase in H), is produced by means of knowledge and labour (z percent of the labour
force).

Notice that, as j is supposed to be given, the technology that produces knowledge
by means of knowledge has constant marginal returns.

The growth rate of knowledge h is given by :
AH/H =jzL

In this case we see that we are dealing with a model very similar to that of
Solow’s, with the difference that technical progress instead of being exogenous is
explained by the technology for production of knowledge and the fraction of the labour
force employed in that sector (z).

We have then that the growth rate of the economy is given by:
g=a(s/v)+(l-a)jzL
where, due to the decreasing marginal returns to physical capital accumulation, s/v will
tend to g, which in the steady-state will be:
g=jzL

which is both the growth rate of output and of per capita output, in the case in
which the labour force does not grow.

Notice that the equation above generates endogenous growth to the extent that
society's decision to employ proportionately more people in the knowledge production
sector allows a permanent increase in the growth rate of the economy. Therefore,
although in this model the accumulation of physical capital continues to be subject to
decreasing returns, the accumulation of knowledge has constant marginal returns and
therefore, given the technology that makes possible the production of knowledge by
knowledge with constant returns, a higher rate of accumulation of knowledge will lead to
a higher growth rate of the product.

Notice that even taking this simple case this kind of model, contrary to the AK
model, cannot explain any stylized relation between the share of investment in income
and the rate of growth of the product (both in absolute and per worker terms). This is

because the characteristic of decreasing marginal returns to physical capital is being



retained. Here, the part of accumulation that does not generate decreasing marginal
returns is that of knowledge, and the relevant "savings" ratio is the proportion of the
labour force allocated to the sector that produces the increase in the stock of knowledge
(the saving is done directly in terms of the primary factor labour). The loss of present

consumption comes from the fact that less goods will be produced today if z is increased.

b) Constant returns to knowledge with an increasing labour force

Suppose now that the labour force is growing (n>0). The growth rate of the
economy is given by:
g=as/v+(l-a)jzL+n)

Again, as s/v always tends to g, we could be led to think that we would have in
the steady-state:
g=jzL+n

and product per worker :

g-n=jzL

However, this evidently will not occur since, given the effect of the size of the
labour force L in the equations for the growth rates, any positive n will accelerate the
(absolute and per capita) growth rate. This occurs because in each period, for the same
values of j and z, we will necessarily have a larger L. The model is not able to generate a
stable rate of growth because the growth rate of the efficiency of labour is a function of
the absolute number of people employed in the knowledge production sector. If we keep
constant the ratio z of the number employed in this sector to the labour force, the
absolute number of workers in this sector will expand if the labour force grows and, with

it, the growth rate of the economy would expand without limit."*

¢) The Lucas modifier
Using the knowledge production technology described above, it is impossible for

a model with constant returns to knowledge (represented by a given and constant

'* The problem with this class of neoclassical models of endogenous growth, including Romer (1990),
Grossman-Helpman (1989) and Aghion-Howitt (1992), was originally pointed out by one of us,
(Cesaratto, 1995, p.25), and by Jones (1995), which called it the “scale effect” (see also Michl, 2000).
Cesaratto (1995) also showed this effect in models of Phelps (1966) and Shell (1966).



parameter j) to generate steady state growth if the labour force grows.

The “solution” to this problem was obtained by Lucas through the artifact of
changing the specification of the technology in the sector that produces knowledge,
which is transformed into:

AE=jzE
where E is defined as units of labour, already measured in efficiency units, i.e.,
E=LH

Thus this technology produces variations in the quantity of labour, measured in
efficiency units. This means that the function not only deals with the variations in H, but
also embodies the variations in L, since the two ways to increase the units of labour,
measured in efficiency units, are increasing the efficiency of each worker and increasing
the number of workers.

We canl rewrite the equation above making this fact explicit as:
A(LH)=jz LH

thus
A(LH)/(LH)= jz

We thus see that the change in labour measured in efficiency units can be
decomposed in its two components:

A(LH)/(LH)=n+h

which allows us then to write the rate of growth of the efficiency of labour
explicitly as:
n+th=jz
h=jz-n
The only justification for the above equation would be that the increase in efficiency does
not depend on knowledge accumulation by itself, but on knowledge accumulation per
worker (in a strict analogy with the Frankel modifier that made efficiency increase with
the quantity of physical capital per worker).

Once we have this result it is easy to calculate the rate of growth of the economy as:
g=as/v+ (l-ay(jz—n +n)
g=jz—-n +n

g=jz



while the per capita growth rate is given by:
g-n=jz-n

We see that a “modifier”, such as the one by Frankel, introduces the hypothesis
that increases in the labour force do not increase the product, because their usual positive
effect is fully compensated by a negative externality, that makes the efficiency of labour
fall proportionately.

In the end, the Lucas type growth models, as well as the AK models, have
problems when n is positive that can only be solved if we eliminate the contribution of
labour to the product. Although the “solution” is very similar, the problem, in the case of
the Lucas type of model when n is positive, is very different from the problem in the AK
model. In the case of the model with constant returns to knowledge, the problem is that in
the sector where knowledge is produced, the growth rate of the knowledge 'factor' is a
positive function of the absolute size of the labour force and tends to accelerate without
end for any positive n.

Curiously, in this kind of model, it is the labour force that generates a strong
positive externality, since an increase in the number of people working in the knowledge
production sector automatically increase the rate of growth of labour efficiency. Thus, a
device such as the Lucas modifier is essential to generate a negative externality that

entirely cancels this positive externality.

d) Lucas-type model with increasing returns to scale.

The model with constant returns to knowledge, in its version with the “modifier”, has
also the advantage of being compatible with the existence of increasing returns caused by
some externality derived from the accumulation of physical capital, without generating
the implausible result that the steady state growth rate is a function of the growth rate of
the labour force. It is important to notice that this externality cannot be strong enough to
cancel entirely the decreasing marginal returns to capital.

Let us suppose, keeping the knowledge production function with the Lucas modifier
that the following production function is used in the goods sector:

Y=AK*(1-z) (LH) "B

where B is an element that measures the externality derived from capital



accumulation, say because of learning by doing effects. We have then:
B=K"
where the parameter 'b' measures the contribution of the externality to the growth
of the product.
The growth rate of the product is given by:
g=as/v+(l-a)(j.zn + n)+bs/v
If a+b<1 we still have in spite of the externality decreasing marginal returns to

physical capital. Therefore s/v will tend to g. It follows then that:

I-a .
=—(jz
Carb
and the product per capita product grows at the rate :

g

_ 1l-a
I-(a+Db)
We see that the growth rate, even with increasing returns to scale, does not depend at

g-n (jz)-n
all on the growth of the labour force. On the contrary, the growth rate of the product per
worker will depend negatively (and not positively) on the growth of the labour force.
This is ensured only because the Lucas modifier conveniently eliminates the positive
contribution of labour to the product and the existence of the sector that produces
knowledge by means of knowledge, with constant marginal returns, keeps the rate of
growth positive. In this specific case (which is quite close to the original analysis by
Lucas), increasing returns to scale only amplify the growth rate of the economy, which is
sustained by the accumulation of knowledge.

Finally, it is important to remember that even with these extreme and arbitrary
hypotheses about technical progress, none of these versions of the Lucas type of model
manage to explain the stylized facts that relate the accumulation of physical capital to the

growth of the product and of the product per worker.

V. Three final remarks
V.1 Capital accumulation in a classical framework
The truth is that it is not easy to explain the stylized facts relating capital

accumulation and growth, in a coherent form, with the premises of the neoclassical



theory of distribution. It is very easy to illustrate this point if, in the context of the simple
analytical scheme that we are using in this paper, we now abandon the marginalist
explanation of distribution and suppose that the real wage is given exogenously by the
economic and social forces described by the economists of the classical surplus approach.

In this case, we abandon the equilibrium condition that labour demand has to
adapt itself to an exogenous endowment of labour and assume, like the classics (see
Serrano (2001)), that under capitalism it is the growth of the labour force that secularly
follows the growth of employment opportunities. Thus:
n=g-h

where technical change now is seen as Harrod-neutral, that is, it does not change
significantly the capital-output ratio acting only on the labour coefficient.

In this scheme, given the real wage, the firms choose the most profitable
technique among those available thereby determining the capital-output ratio of the
economy. On the other hand, this level of the real wage, together with the level of the
product per worker of the chosen technique, will determine the rate of profit of the
system, which, given the proportion of profits that is consumed, will determine the
savings ratio 's'. Assuming, temporarily, that Say’s Law is valid, we can take it that the
investment share is determined directly by this savings ratio.

Since there is no scarcity of labour, producers increase output at the rate:

g=s/v
period after period, without capital accumulation leading to any kind of decreasing
marginal returns.

Therefore, we see that merely replacing the neoclassical explanation of
distribution by a classical one, allows us to immediately and easily explain the positive
relation between the share of investment and the rate of growth of the product.

Moreover, if we make the additional assumption that the Harrod-neutral technical
progress is really endogenous, in the sense that its rhythm depends on the growth rate of
the economy, we easily obtain a positive relation between the growth of the product per
worker and the investment share.

In a simple way, we can introduce the technical progress function as:

h=h +h2g



obtaining :
h=h, +h, s/v
and therefore
g-n=h; +thys/v

Thus, the stylized facts, which seemed so difficult to explain with the neoclassical
models, are easily explained in a scheme based on the classical approach, purely because
that scheme is free from the theoretical straight-jacket created by the notion that the
labour force is “scarce” under capitalism. This route was taken by Kurz and Salvadori in
several contributions (e.g. 1997a, 1997b)."

Of course, in the above discussion the unsatisfactory element was the appeal to
“Say's law”. However, the classical scheme in no way requires that hypothesis. It is
perfectly possible to think of a classical system in which the growth rate of the economy
is determined by the evolution of effective demand, in particular by the rate of growth of
the autonomous components of final demand. From there, through a flexible accelerator
mechanism, the share of investment adjusts itself to the rate of growth of demand. On the
other hand, the multiplier effect makes the saving ratio adjust to the investment share. In
a scheme of this type, known as classical supermultiplier (which will not be developed
here, see Serrano (1996)), we can entirely dispense with Say's law and keep the classical
explanation, delineated above, of the positive relation between capital accumulation and
the growth of the product and productivity. An analysis of the relationship between
technological change and long period effective demand, which adopts the supermultiplier

approach, is found in Cesaratto, Stirati and Serrano (2003).

V.2 The practical need for the modifier

After a wave of initial enthusiasm, neoclassical theories of endogenous growth,
due to their strict dependence on exact and extreme values of the parameters, has in
general lost terrain to variants of the Solow model with externalities, which supposedly

explain better the stylized facts of the economic development (see particularly

'3 Notice that Kurz & Salvadori (1997a, 1997b) overestimate the similarities between the neoclassical
theory of endogenous growth and the classical approach because they do not seem to take into account, as
we saw above, that the neoclassical models of endogenous growth retain the full employment of the labour
force condition.



Mankiw(1995)).

However, the authors who followed this route do not seem to have taken
sufficiently into account the peculiar corollary that this type of model has, in which the
rate of growth of output per worker is a positive function of the rate of growth of the
labour force.'®

We saw above that in the Lucas type of models there is a way of introducing
increasing returns to scale through externalities that avoids such a result. The introduction
of this externality in the Lucas model eliminates the undesirable effect of the growth of
the labour force, through the totally arbitrary expedient of a “modifier”. Notices that
Lucas' arbitrary assumption has an consequence of economic significance, in that it
shows that neoclassical models of endogenous growth manage to consider the impact of
the structure of the labour force (or of R&D) on technological change only by excluding
any role for the scale of the activity. But that would mean that Luxembourg could obtain
the same rate of technological progress as the USA, so long as it has the same share of
the labour force employed in R&D (Jones, 1995; Cesaratto, 1999b).

We must note that, contrary to what neoclassical authors say, it is the endogenous
growth model of Lucas, with all of its arbitrary assumptions and not the less arbitrary
Solow model that is being used as the basis for neoclassical studies on the contribution of
capital accumulation to economic growth. Therefore, these studies presuppose the
empirical validity of the curious (but convenient) specification of the knowledge
production technology used by Lucas. It is ironic to note that the Lucas' model was
introduced originally in the Marshall lectures series in Cambridge, England. Almost a
century after Marshall, neoclassical economists have made no progress whatsoever in
resolving the difficulties they face in reconciling the obvious importance of capital
accumulation for growth and technical progress with the premises of the theory of

distribution based on the idea of a "full employment" real wage.

V.3 A reminder of the Sraffian capital critique

We should just mention here that since the sixties Sraffian critics have been

' Mankiw (1995) does not mention this "small" problem.



demonstrating, among other things, that it is not possible to deduce logically the principle
of (direct or indirect) substitution between factors in any neoclassical model in which
there are heterogeneous capital goods (see Serrano (2001,2002)).

These critiques, which were never refuted, imply that it is practically impossible
to extend the results of the neoclassical models, such as the ones discussed above, beyond
the context of an economy that produces a single homogeneous capital good.

However, the criticism continues to be ignored, with the argument that aggregate
or macroeconomic models are always less rigorous in comparison with models of general
equilibrium, but are very useful and absolutely necessary in some applications.

The argument about the usefulness of simple models is correct but irrelevant. In
reality, the Sraffian criticism means precisely that the disaggregated and supposedly more
rigorous version of the neoclassical theory is exactly the one that does not manage to
guarantee the results that it should, that is, to explain distribution coherently based on the
operation of the forces of supply and demand.

Therefore is not easy to understand why the immense majority of those who study
economic growth continue to use as the base for their simple models an idea (that of
labour as a scarce factor) which simultaneously: (1) seems deprived of empirical content;
(2) creates the analytical difficulties that we have discussed in this paper and (3) it cannot

be as being based on more complex and rigorous versions of neoclassical theory.

References

AGHION, P. HOWITT, P. A Model of Growth through Creative Destruction, Econometrica,
vol.60, 1992, 323-51.

ARROW, K.J. The economic implications of Learning by Doing, Review of Economic Studies,
vol.29, 1962, 155-73.

CESARATTO, S. 1995, Crescita, progresso tecnico e risparmio nella teoria neoclassica: un’analisi
critica, Dipartimento di Economia pubblica, Working paper n.7, “La Sapienza”, Roma.

CESARATTO, S. 1999a, New and old neoclassical growth theory: a critical assessment, in
G.Mongiovi, F.Petri (eds.), Value, Distribution and Capital: Essays in Honour of Pierangelo
Garegnani, Routledge, 1999.

CESARATTO, S. 1999b, Savings and economic growth in neoclassical theory: A critical survey,
Cambridge Journal of Economics, vol.23, pp.771-93, 1999.



CESARATTO, S. SERRANO, F. STIRATI, A. Technical Change, Effective Demand and
Employment, Review of Political Economy, forthcoming in 2003.

FRANKEL, M. The production Function in Allocation and Growth: A Synthesis, American
Economic Review, vol.52, 1962, 995-1002.

GAREGNANI, P. 1976, On a change in the notion of equilibrium in recent work on value: a
comment on Samuelson, in M. Brown , K. Sato and P. Zarembka (eds) Essays in Modern Capital Theory,
North Holland. 1976.

GAREGNANI, P. 1989, Some notes on capital, expectations and the analysis of changes, in G.
Feiwel (ed.) Joan Robinson and Modern Economic Theory. Macmillan. 1989.

GROSSMAN, G. HELPMAN, E. Endogenous Product Cycles, NBER, WP, n.2913, 1989.

JONES, C.I. R&D-based Models of Economic Growth, Journal of Political Economy, 103,
1995, pp.759-84.

KURZ, H. & SALVADORI, N. 1997a, "Endogenous" growth models and the "classical" tradition,
in J. Teixeira (ed.) International Colloquium Money, Growth and Structural Change:
Contemporaneous Analysis. Universidade de Brasilia 1997.

KURZ, H. & SALVADORI, N. 1997b, Theories of "endogenous" growth in historical perspective,
in J. Teixeira (ed.) International Colloquium Money, Growth and Structural Change:
Contemporaneous Analysis. Universidade de Brasilia 1997.

LUCAS, R. 1988, On the mechanics of economic development, Journal of Monetary
Economics, 22, pp. 3-42, 1988.

MANKIW, N. 1995, The growth of nations, Brookings Papers on Economic Activity, I, 1995.

MICHL, T.R. Notes on New Endogenous Growth Theory, Metroeconomica, 51, 2000, 182-90.

PHELPS, E.S. Models of Technical Progress and the Golden Rule of Research, Review of
Economic Studies, vol.33, 1966, 133-45.

ROMER, P. Endogenous Technical Change, Journal of Political Economy, vo0l.98, 1990, S71-
S102.

SERRANO, F. 1988, "A teoria dos precos de produgdo e o principio da demanda efetiva",
unpublished Master's Thesis , Instituto de Economia Industrial, Universidade Federal do Rio de Janeiro,
Brazil, 1988.

SERRANO, F. 1996, “The Sraffian Supermultiplier”, Unpublished Ph. D. dissertation,
Universidade de Cambridge, Inglaterra, 1996.

SERRANO, F. 2002, “Stability in Classical and Neoclassical Theory” , mimeo, IE-UFRJ, 2002.

SERRANO, F. 2001, "Equilibrio Neoclassico de Mercado de Fatores: um ponto de vista
Sraffiano", Ensaios FEE, v. 22, n. 1, 2001,

SHELL, K. Towards a Theory of Inventive Activity and Capital Accumulation, American
Economic Review, May 1966, 62-68.



SOLOW, R.M. A Contribution to the Theory of Economic Growth, Quarterly Journal of
Economics, vol.70, 1956, 65-94.

SOLOW, R.M. Siena Lectures on Endogenous Growth Theory, Collana Dipartimento di
Economia Politica, Universita di Siena, vol.6, 1992

STEEDMAN, L. "On 'Measuring' Knowledge in New (Endogenous) Growth Theory", Growth
Theory Conference, Pisa , Itay, October 5-7th 2001

SRAFFA, P. "The Laws of Return Under Competitive Conditions", Economic Journal, 1926

SRAFFA, P. "A Criticism", Economic Journal, 1930



