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Endogenous Technology, Microfoundation and 
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1. Introduction 

Until the beginning of "New Growth Theory" in the middle of the 
1980s the economic theory of endogenous technological change was split 
in three parts. 

Firstly, the microeconomic part (see e.g. Kamien/Schwartz 1982) treat-
ed the economic decision problems concerned with technology centered 
around questions of market structure, property rights and absence of 
insurance as discussed in Arrow (1962b). 

Secondly, the growth theoretic part of endogenous technical change -
to the best of our knowledge beginning with Arrow (1962 a) - treated the 
generation and consequences of technical change for the growth rates of 
per capita income and the factor prices without all the ingredients con-
sidered in the microeconomic part. These have sometimes been called 
"black box" models although the term has mostly been used in connec-
tion with exogenous technical progress because its Users, as well as 
many authors in new growth theory, were often not aware of the very 
small literature on endogenous technical change of the 1960s. 

Thirdly, evolutionary theory, analysis of economic history, and empiri-
cally descriptive work on technological change with a great diversity of 
approaches has been collected in Dosi/Freeman/Nelson/Silverberg/ 
Soete (1988). 

Until then the theory had been quite well integrated (see e.g. Nelson, 
1959). The splitting seems to have been the price of transition to the 
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modeltheoretic mode. Thus the technique of model-theoretic work is 
itself a good example of how the division of labour in the economics pro-
fession has influenced society here, split it into non-unanimous groups, 
created competition between them, and sometimes even stirred up the 
emotions of the participants. 

This paper surveys recent literature in order to show that new growth 
theory has reintegrated the microeconomic aspect and the growth aspect 
of the subject by the endogenisation of technology and market structure, 
but has ignored crucial problems concerning the specification of produc-
tion functions for the generation of technical change and the prediction 
of growth rates of per capita income or the wealth of nations that could 
have been known from the 1960s. 

Thus the review of recent models follows the strategy of explaining: 1: 
the contents of technical change, 2: the market structure assumed or 
deduced from the assumptions on technology, 3: the growth rate predic-
tions depending on the specification of production functions with 
emphasis on the impact of population growth and some notes on path 
dependence. 

As a consequence some widely discussed applications of endogenous 
growth literature will be omitted. This applies to models which offer a 
suitable explanation of the saving process as well as to the whole litera-
ture concerning the incentives of public policy to accumulate capital in 
its physical and human forms. All these matters have been extensively 
discussed elsewhere, see e.g. Jones/Stokey (1992) for questions on sav-
ings and policy matters, King/Rebelo (1990) for the incentives of public 
policy to accumulate physical and human capital, Ziesemer (1993) for 
the impact of public investment and heterogenous individuals, Barro/ 
Sala-i-Martin (1992) on general policy matters, and Lucas (1990) and 
Jones/Manuelli/Rossi (1993) on the effects of (optimal) taxes to the accu-
mulation of human and physical capital. Moreover, the complex of func-
tional income distribution in endogenous growth models is omitted as 
well as all the applications of endogenous growth theory to specific 
fields such as international trade. For matters of functional income dis-
tribution see e.g. Bertola (1993), for applications to international trade 
see e.g. the various articles of Grossman/Helpman (1989, 1990, 1991 a,b). 
Finally we omit all applications of (Schumpeterian) endogenous growth 
to industrial economics such as Neumann (1989). 

As the empirical predictions of growth patterns and growth rates 
depend heavily on the specification of the sources and behaviour of tech-
nical progress in different models we have concentrated on these mat-
ters. 
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What's New and What's Old in New Growth Theory 431 

Differing opinions' about the quality of the empirical predictions made 
by the various models of growth can be found in the literature. This 
seems to be because there is no agreement at all about the so-called sty-
lized facts of economic development. Two kinds of stylized facts are in 
question. 

First, many economists reject the traditional view of a worldwide con-
vergence of economic development. For example Baumol (1986) proposed 
a scenario of three diverging worlds; the industrialized countries, the 
socialist countries, and the developing countries. As a result of the 
recent political occurrences this is reduced to a simple North-South sce-
nario. However, the development of some countries in southeast Asia 
calls the stability of these groups questionable. The identification of 
such groups seems to be rather a question of the arbitrary choice of the 
observed time intervalls than of the laws of economic development. 
Many economists apparently feel unhappy about such arbitrariness and 
weaken this position in such a way that they simply maintain heteroge-
neous growth patterns for diverse countries depending on (initial) factor 
endowments and policy decisions. However, there are still advocates of a 
weak form of the convergence thesis. For example Helliwell and Chung 
(1990) and (1992) argue that there is some empirical evidence for the 
international convergence of the technical progress, at least in industrial 
countries. 

Second, economists who support heterogeneous growth patterns do not 
agree whether developed economies have constant or increasing growth 
rates. Nevertheless most economists argue for a constant growth rate in 
the long run. Romer (1989) insists in an increasing growth rate. Taking 
these dissensions and the great lack of systematic empirical analysis of 
this question into account we have abandoned all attempts at the differ-
ent models. Instead we restrict ourselves to statements about the growth 
rate predictions of the different models, as these may become the basis 
of future econometric work. 

In section 2 we survey the "old endogenous growth theory" starting 
with the model of exogenous technical progress of Solow (1956). Further 
we distinguish three types of models of endogenous technical progress: 
1. The externality approach of Arrow (1962a); 2. the production function 
approaches from Uzawa (1965), Phelps (1966) and Shell (1967); 3. the 
investment function approach of Conlisk (1967) (1969) and Vogt (1968). 
"New growth theory" is surveyed in sections 3, 4 and 5. As far as it fol-
lows Arrow (1962 a) it is discussed in section 3. In section 4 we state 
those theories which belong to the tradition of Uzawa, Phelps and Shell. 
Some modern versions of the investment function approach are pre-
sented in section 5. Section 6 summarizes the assumptions of the models 
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about technology, market structure and specification of production func-
tions. 

This paper differs from surveys of Sala-i-Martin (1990), van Cayseele 
(1990), Amable/Guellec (1991), Helpman (1992), van de Klundert/ 
Smulders (1992), Verspagen (1992), Flemming/Gotz (1993), and Ramser 
(1993) in that it refers to more modern literature and emphasizes the 
contents of technology and market structure. Moreover, it relates new to 
old growth theory in a more detailed way than Pack (1994), Romer (1994) 
and Solow (1994). 

2. Old growth theory: the specification of technology 

Before we start discussing the models we would like to mention briefly 
the prerequisites of the per capita growth of income and capital. Romer 
(1989, pp. 10 - 14) has pointed out that increasing per capita variables 
essentially presuppose one of the following conditions: 

a) The aggregate production technology of goods is not convex. This 
may be due to ordinary increasing returns or to various external effects 
with dynamic increasing returns. 

b) In case of a convex aggregate technology either non-reproducable 
factors are not permitted to be essential for production or they do not 
occur in any of the fundamental accumulation equations of the whole 
model. The accumulation of capital goods and the development of the 
level of productivity must not be restricted by a fixed supply of a non-
reproducable factor. 

We will see that these prerequisites play an essential role in the old 
and the new growth theory. The properties of technology which guaran-
tee one of these possibilities will turn out to be the engine of growth. 

2.1 The Solow model as a natural starting point 
and the black-box problem 

Old growth theory can be best understood when briefly related to the 
simplest version of the Solow (1956) growth model. Consider a produc-
tion function Y = Ka (AL)1'01 and the goods market equilibrium func-
tion K = s Y with output Y, the capital stock K and the investment K as 
endogenous variables, the level of technology A and population L as exo-
genous variables and s as a constant savings parameter. The growth pro-
cess is completely determined by these two equations because one can 
divide the market equilibrium equation by K, insert the production func-
tion for Y and rewrite it in growth rates (denoted by " ~ ") yielding 
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What's New and What's Old in New Growth Theory 433 

k = (a - 1)K + (1 - a) (A + L) 

This can be d rawn as a l inear func t ion in the K - K - p lane wi th a 
negative slope for a < 1 which implies a decreasing margina l p roduc t of 
capi ta l and an abscissa of (1 - a ) (A + L). 

Figure 1 

The dynamics drive the system to K = 0 implying K = A + L and 
Y - L = A f rom reinser t ing into the logari thmically d i f ferent ia ted p ro-
duct ion funct ion. The per capi ta variables increase as the product ion 
func t ion shows increasing re turns in K, A and L. Although the s t ra ight 
line indicates a un ique p a t h Solow (1956) discussed the possibili ty of 
mult iple equil ibr ia generated by changes f rom increasing to decreasing 
marginal p roducts of capi ta l leading to pa ths tha t depend on the init ial 
value, now called pa th dependence. (See Solow 1956, Figure 2.) 

Obviously this theory suffers f rom at least four weaknesses: 

First , it is s t range tha t the long-run growth ra te of an economy should 
be independent of the will ingness of its members to accumulate h u m a n 
or physical capital . 

Second, the theory leaves ul t imatively no room for an economic devel-
opment other then wor ldwide convergence unless we assume differences 
in the parameters and exogenous variables between di f ferent countries. 
Of ten A is assumed as a f ree fac tor (see e.g. Mank iw/Romer /Wei l 1992). 
But in this case, as Rebelo (1992) argued divergent levels of economic 
development can only exist if there are restr ict ions on the mobil i ty of 
capital . As technology is f ree and by assumpt ion nobody can be excluded 
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from its use, different levels of development imply different marginal 
products of capital and any firm could increase their profits transferring 
capital from a high developed to a less developed country. Divergent 
levels of development thus imply unrealized profit opportunities which 
conflict with the assumption of the model. 

Third, the results derived above are determined without making expli-
cit assumptions about the institutions concerned with property rights 
such as patent systems, the market behaviour of the technology produ-
cing (or purchasing) firms, and the uncertainty problems related to the 
R&D process. In short, there is no microfoundation which regards the 
development of technology. 

Fourth, it is anything but clear what we should imagine when thinking 
of A, human capital, organisation, knowledge, better machines, new 
machines, etc. This is called the black box problem. The central force of 
economic development is understood as an unspecified function of time. 

All of these problems have been extensively discussed in old and new 
endogenous growth theories. 

2.2 Learning by doing (Arrow, 1962 a) 

The first attempt to explain growth through learning externalities was 
Kaldor's technical progress function. The rate of growth of output per 
head depends on the rate of growth of investment per head. Using the 
goods market equilibrium equation and its time derivative shows that 
technical progress phases out if the technical progress function has 
decreasing returns to the rate of growth of investment. Only an added 
element of exogenous technical progress can guarantee long-run growth. 
(For a formalisation see Kaldor and Mirrlees, 1962 and Scott 1989). 

Arrow started his contribution with the observation (Arrow, 1962 a, 
p. 156) that "to produce the Nth airframe of a given type, counting from 
the inception of production, the amount of labour required is propor-
tional to iV - 1 / 3 " . This example was given to emphasize "the role of 
experience in increasing productivity" given a particular level of tech-
nology in a purely technocratic sense. Unfortunately Arrow formulated 
this idea in a rather complicated vintage model, where it is formalized 
through the assumption that labour per machine is a decreasing function 
of cumulated investment. Readers who want to learn more about vintage 
models should refer to d'Autume/Michel (1993). Here we restrict our-
selves to a simpler Cobb-Douglas formulation. In the notation of the 
Solow model this could be read as L/K = bK~n or L = bKl~n. She-
shinski (1967) integrated this idea into the Solow model by formulating a 
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What's New and What's Old in New Growth Theory 435 

function of cumulated investment, K®, before the production function to 
express the level of technology. The model then consists of 
Y = K& Ka L1'01 and K = sY. Dividing again by K, expressing it in 
growth rates and inserting the production function, one obtains: 

t = (a + 0 - 1)K + (1 - a)L 

Figure 2 

This can again be represented as a graph. A stationary point for K is 
only reached if a + 0 < 1. If this is the case K converges to 
K = (1 - a) L / ( 1 — a - 0). Thus, if population growth vanishes, accu-
mulation also vanishes and learning dissolves. On the other hand if 
a + 0 > 1 accumulation is continued even without population growth. 
So, the all in all question is whether the marginal product of capital 
(a + 0) Ka + P~1 L 1 _ Q is decreasing in K. Arrow treated only the case of 
convergence to a constant K (see his equation 35), because convergence 
was the most plausible case for his example. It should be noted that 
during increasing K at constant L in the neighbourhood of the stable 
point K > L implies that L/K decreases while K increases. We see that 
in this model aggregate increasing returns, i.e. 0 > 0, are not sufficient 
for per capita income growth. The latter occurs only if a + 0 > 1 or 
population growth and 0 are positive. 

In recent models some economists have used the case a + 0 = 1 (see 
Rebelo, 1991, for the first model) to simplify the representation of 
models without necessarily considering externalities. Technically this 
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has the same effects as changing A into an endogenous variable in the 
Solow model at least for some specifications. As a consequence of this 
specification the growth rate of the rate of accumulation is a constant (in 
the model of fig. 2) which is only zero if the population is constant. If 
one is interested in technological issues this, of course would mean the 
creation of a new black box. In the area of technology Arrow's emphasis 
is on learning which is a pure externality. 

2.3 The Production Function Approach 

In this second approach of the 1960's the technology is the product of 
a second sector. The production function of the Solow model is used 
again for the first sector which produces goods and can be rewritten as 

Yi = F(Ki, ALi) 

The function is linearly homogeneous in the two arguments which 
implies increasing returns in K, A and L. This is essential for the further 
discussion. Then equilibrium requires for capital and labour markets to 
fulfill: 

Ki + K2 - K = 0 
Li + L2 - L = 0 

The supply of labour is exogenous and capital is driven by savings out 
of capital and wage income rK and wL as before: 

K = Y - C = s(rK + wL) 

The models are completed by the production function of the second 
sector which produces technology. We find three different specifications 
of this function in the literature: 

Uzawa (1965) 

Uzawa specified the output of the sector which produces technology 
only as a function of the fraction of total labour which is used in this 
sector. A constant elasticity form of the specification is: 

Contrary to his contemporaries Uzawa considered an optimal growth 
model. The outcome is that there was an optimally chosen rate of techni-
cal progress A{1\) with l2 = L 2 / L . Income and capital per head are 
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What's New and What's Old in New Growth Theory 437 

growing with the rate of technical progress. Production shows increasing 
returns in all inputs. These attributes are relevant for later discussions. 

Phelps (1966) 

Phelps assumed that the change of the productivity level over time is a 
CD-type function of the inputs of capital and labour in the sector which 
produces technology: 

A = aKn
2L\~a 

Contrary to Uzawa, Phelps considered a golden rule equilibrium. The 
outcome was that A = L/a. There is no technical progress if there is no 
population growth although there are overall increasing returns in the 
production function. But the resources needed to develop A reduce the 
inputs into production and as the level of productivity does not support 
its own development an increase of the long-run effective labour supply 
is not possible without population growth. 

This result seems to have inspired some people to advocate population 
growth policy (see Kelley, 1988 for a survey). However, the result is due 
to a pure assumption in the specification of the model and one cannot 
help the impression that even in countries where population growth has 
vanished technical progress did not and where population growth, as in 
Africa, was largest technical progress was low. Obviously the empirical 
figures show no correlation between technical progress and population 
growth. 

Shell (1967) 

Shell assumed that the growth rate of the productivity level is a CD-
function of the factor inputs: 

A = aKlL\~ a 

In this specification factor inputs are even more productive than in 
those of Uzawa and Phelps. If capital and labour inputs grow so does the 
rate of technical progress yielding growing growth rates. This in turn 
seems to be a bit too optimistic about growth rates in retrospect. In fact, 
Shell added a rate of decay to his production functions of technology 
and output. As a consequence it is also possible that the growth of tech-
nology shrinks to zero. Which of the two possible outcomes occurs 
depends on the initial value of the technology and the capital intensity, 
thus implying path dependence. 

The problem with the two latter approaches is that they do not even 
allow the possibility of a constant growth rate with or without popula-
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tion growth. According to the Phelpsian model the growth rate would 
become zero or negative if the population growth stops or employment is 
even reduced (Solow, 1988). Shell's approach is not much more useful. 
Increasing inputs into technology production would lead to increasing 
growth rates. This idea has been criticized in the literature (see e.g. 
Weizsäcker 1969). Only Uzawa's model produces a constant growth rate 
with or without population growth. On the other hand the attraction of 
this approach is reduced as the convergence or divergence of economic 
development is determined by assumption. If all profit opportunities are 
exploited in the sense that marginal products of capital are equal among 
the countries divergent economic developments can only occur if the pro-
duction functions of the technology differ among the countries. As the 
reasons for such (non-)deviations remain vague any statement on growth 
patterns is to some extent arbitrary. It should be emphasized that these 
models assume increasing returns in K, A and L. In Shell's model A is a 
public good which is produced by competitive firms. The other 
approaches leave these questions open. 

2.4 The Investment Function Approach 

Conlisk (1967) also suggested an approach which derives a constant 
stable growth rate which does not depend on the rate of population 
growth. In addition to the production function Y = F(K,AL) and the 
equilibrium of the goods market K = sY he assumes that the growth 
rate of productivity obeys the following investment function: 

A = hY/AL = hF (K/AL, 1) = hf (k) 

These equations can best be analysed using k = K/AL as a variable. 
Using growth rates of k and inserting the above functions one obtains: 

k = K- A - L = sY/K - hY/AL - L 

Multiplication by k yields: 

k = (s - hk) Y/AL - Lk = {s - hk)f(k) - Lk 

The slope of the first part is (5 - hk)f - hf(k). Its second derivative 
is {s - hk)f" - 2hf = sf" - hf'(kf"//' + 2) < 0 if kf"//' + 2) > 0. 
This latter condition obviously holds in the Cobb Douglas case because 
of 2 > - kf"If = 1 - a . 

At k = 0 a positive slope requires sf'(0) - hf (0) > 0. Thus the graph 
of the two parts of k is as follows: 
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Figure 3 

By assuming the Inada conditions / (0) = 0 and / ' (0) =oo this is guar-
anteed. As / ' (0) =oo and the second derivative is negative the curve may 
cut the Lk curve and yield either a unique steady state or none. The 
parameters h and s shift the curve: 5 shifts it upwards and h shifts it 
downwards leading to a higher value of k from a higher value of s and to 
a lower value of k from a higher value of h. Therefore the savings rate is 
important as higher values of k increase the rate of technical progress, 
and vice versa. 

The same result has been derived by Vogt (1968) using the production 
function Y = F(K,AL) and the investment-technology trade off: 

K = sY/K - $(A) 

with > 0 and <P' < 0. He showed the existence of a steady state with a 
constant Jc under the assumption that entrepreneurs maximize the 
growth rate of profits. 

Conlisk (1969) took a similar approach as Vogt. Indeed he presents a 
model with two sectors, one of which produces consumption goods with 
the technology Yi = F(Ki, AL\). The output of the second sector can be 
used to increase the stock of capital or the level of productivity. These 
possibilities made use of the following trade-off: 

H (K, AL) = Y2 = G(K2 ,AL2) 

H and G are linearly homogeneous functions. Conlisk then went on to 
determine the short-run rate of technical progress by maximizing the 
rate of growth of Y2 given the amount of K and L and for the long-run 
maximizing the rate of growth of Y2 for the steady state. 
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The key assumption of these models is, however, that the productivity 
level can be increased by the use of a reproducable good which can be 
accumulated over time. It is this feature which drives per capita growth. 

2.5 Conclusion and evaluation of the results 

It seems worthwhile to point put again that the models of Solow, 
Uzawa, Conlisk and Vogt allow constant growth rates that are in accord-
ance with the so-called stylized facts of Kaldor. Per capita income 
growth is constant for all growing and constant levels of population. On 
the contrary, growth rates tend to explode in Shell's specification if 
population grows and dissolve without population growth in Phelps' spe-
cification. Moreover, Arrow's approach based on externalities includes 
three cases: increasing, constant and decreasing marginal products 
which determine whether or not the system converges to the constant 
growth rates of the capital intensity. All these effects have returned in 
new growth theory. 

The Solow model suffers from the exogenous nature of technical pro-
gress. The attempts to endogenize technical progress, which we have dis-
cussed in 2.2 - 2.4, are helpful to understand the growth rate solutions of 
new growth theory. Nevertheless they leave some questions open. They 
remain rather vague about the market structure and the contents of tech-
nology that cause the growth of per capita income and capital. It is the 
aim of the new growth theory to make this influence explicit. 

3. New growth theory: The direct externality approach 

The old growth theory was rather vague about the contents of technol-
ogy or accumulated knowledge, both of which increase productivity 
through positive externalities. In new growth theory this has been asso-
ciated with spillovers of knowledge by Romer (1986) and Stokey (1991) 
and an increasing division of labour by Romer (1987) and Yang/Borland 
(1991), both provided by the private sector. Moreover, public capital has 
been used to explain this effect in form of spillovers of public knowledge 
by Ziesemer (1990) and in form of a direct effect on productivity of the 
infrastructure public sector by Barro (1990). Learning by doing that 
spills over from old to new products has been modelled by Stokey (1988), 
Young (1991) and (1993a), and Lucas (1993), a learning by watching 
externality by King/Robson (1993). 

In Romer's (1986) formulation of the spillovers of privately produced 
knowledge each individual has a firm with an output production func-
tion which is linearly homogeneous in the private choice variables Aj 
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and Lj, where Lj denotes factors like land and labour. Their supply per 
head is assumed to be fixed. Aj stands for factors like capital and knowl-
edge that can be accumulated. Moreover, it is assumed that the knowl-
edge generates an external effect. The productivity is increased by the 
sum of the individual knowledge of all individuals ^2Aj\ 

where a + 7 > 1 

This is an externality similar to that of Arrow (1962a). However, tech-
nology Aj is produced by individuals using identical functions 
Aj = gj [ ( F - C j ) / A j ] with 9] > 0 and g < 0, where F is output and c is 
per capita consumption. The effect of knowledge produced by the house-
hold and used in their firm is characterized by a decreasing marginal 
productivity. But due to the spillover they all produce public good 
effects which influence the productivity of private capital. In production 
the overall accumulated knowledge produces increasing returns which 
prevents the decrease of the productivity of the reproducable capital in 
the accumulation process due to fixed factors because a + 7 > 1. Of 
course, a purely private solution is inefficient because of the external 
effect. A subsidy per unit of Aj financed with lump sum taxes may pro-
duce an optimum. 

A spillover of human capital also generates growth in Stokey (1991). 
Private investment in schooling causes growth in the social stock of 
knowledge. The latter increases the effectiveness of the time spent in 
school by later cohorts of population. This externality is the only source 
of growth. Higher quality labour performs higher valued services. Qual-
ity is defined in terms of Lancasterian characteristics. 

King/Rob son (1993) put the learning by watching externality from 
investment which'was inspired by Kaldor, directly into the formula for 
the rate of technical progress. Its S-shaped form is derived from a Pois-
son arrival rate for the observation of new ideas. An estimated stochastic 
process for the rate of taxation, the revenues of which are rebated lump 
sum, is used to simulate the growth path. Deterministic and stochastic 
variants of path dependence combined in this way% leads to multiple 
equilibria. Whether or not transitions from high to low growth equilibria 
occur all values of the variables always depend on the complete history 
of the model. 

The oldest tradition about increases in productivity is based on Adam 
Smith's notion of the division of labour. The assumption which expresses 
this in Romer (1987) is that a larger number of factors of production 
allows them to be combined more productively. They use a production 
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function of the final goods which exhibits constant returns to labour L 
and the quantity of N different intermediate inputs X{ for a given 
number N: 

Y = ALl~a ^IC^j = + ..•+*£) = AL1-aN1~a{Nx)a 

For this production function the output increases with N for a given 
quantity of labour and aggregate intermediate inputs. The intermediate 
goods can be produced with a primary input K (without labour) accord-
ing to a cost function with a U-shaped average cost curve, h(xi), with 
zero cost inactivity, i.e. h(0) = 0. Therefore the costs can be expressed 
in terms of the primary input. Each intermediate input is then offered by 
a single firm in the same quantity. For the economy as a whole we have 
the restriction: 

N 

< K 

If factors are considered as differentiated varieties a larger market 
producing greater demand for end products implies also a larger demand 
for intermediate inputs. Moreover, the technologies are such that an 
increase of the number of varieties improves productivity more than an 
increase in pure quantities of a given number of intermediate goods. 
Therefore more and more new intermediate inputs will be supplied 
because it is profitable to respond with new varieties instead of more of 
the old. The market structure is as follows: The producers of the final 
good are price takers in all markets, whereas the producers of the inter-
mediate goods are monopolistic competitors as sellers of their goods and 
price takers on their input markets. All firms offer at their cost level. In 
the resulting equilibrium the number of intermediates is determined by 
the volume of the primary input K. The development of the economy is 
driven by the accumulation equation K = Y (L, x) - c which is deter-
mined by the consumers' preferences. Neglecting endogenous labour 
supply and population growth and assuming an intertemporal utility 
function with constant discount rate and constant elasticity of consump-
tion a leads to: 

oo 

/
c l - < 7 

ept - J dt 1 - a o 
For reasons of brevity we call this utility function with a constant 

intertemporal elasticity of substitution in the following a CIES-utility 
function. Romer obtains a long-run growth rate of capital and consump-
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tion equal to (1 - p) /a. Growth is ultimately driven by the effects on 
productivity of the division of labour which acts through an external 
effect of the number of intermediate goods. 

The most similar contribution to Arrow's (1962 a) is the model of 
Yang/Borland (1991). In a multisectoral version of the learning by doing 
idea, knowledge is associated with accumulated labour instead of accu-
mulated investment. A given number of producer households decide how 
many goods they produce and sell in an intertemporal equilibrium model 
where all contracts are negotiated in the first period. The advantage of 
specialising in the production of one variety when this is done by all 
individuals, lies in the greater accumulated knowledge. However, the 
implied trade necessary to exchange goods causes transaction costs. If 
these transaction costs are high and the learning effects are small and 
there is a love-of-variety utility function, then autarky, defined as pro-
duction of all goods by each individual, can be an equilibrium. If learn-
ing effects are strong and transaction costs are low specialisation will 
emerge from the beginning. If both are of intermediate size, individuals 
specialize slowly over time. In phases where many individuals shift from 
imperfect to perfect specialisation cumulative learning effects are strong 
and there are high growth rates. Once specialisation is complete, growth 
rates decrease over time. As a consequence the three possible outcomes 
of Arrow's model - increasing, constant and decreasing growth rates -
are phases of this model of specialisation. The learning effects widen the 
market. Higher demand for one's own good is an incentive to specialize 
more which in turn widens the market again. Due to the assumption that 
all contracts are made in the initial period, all individuals have to make 
their decisions before having accumulated experience. Therefore no 
monopolies exist and all producer households are price takers. As maxi-
misation is from zero to infinity there are also no externalities in the 
formal structure of the model. However, the question arises why later 
generations keep the contracts that have been accepted by earlier gen-
erations. This requires a third party to make the contracts credible. This 
third party does not appear in the model. The authors choose their con-
struction of an intertemporal competitive equilibrium without monopoly 
and externalities for reasons of formal tractability. However, when clas-
sifying the model this forces us to choose between its economic coher-
ence leading to intergenerational externalities and monopoly and its 
formal presentation leading to a Pareto optimal competitive equilibrium. 
We have chosen the former and therefore put it into the category of 
"externalities". However, as growth vanishes when specialisation is com-
pleted it is questionable to classify the model as a model of endogenous 
growth at all. We have indicated all results in question by a question 
mark in the tables of the summary. 
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Instead of spillovers of private knowledge one might regard public 
knowledge directly as the principal source of growth. Schultz (1964) 
argued that public factors, basic education and basic scientific research, 
are essential in the human capital formation of private households. How-
ever, the provision of public factors may be subject to distributional con-
flict about the individual contributions to pay for them. It is a well 
known problem in public economics that there is no Pareto optimal tax 
scheme that is free of redistributional effects (see Cornes/Sandler, 
chap. 6). Schultz' view as reported so far has been modelled in Ziesemer 
(1990) in the following way. It is assumed that production of output 
requires three factors: capital, human capital, and labour. 

Y = K Q H 0 L \ - a - p 

Human capital H is the sum of individual supplies: 

H
 = Y , H i 

j 

Individuals use different production functions to produce this supply: 

H , = { e j L y f B 1 - * 

ej denotes the given abilities of the j individuals, L2j the labour inputs 
chosen by them. B is public knowledge. The formation of public knowl-
edge is assumed to be financed by an income tax: 

B = t Y 

Moreover, the labour market is assumed to be in equilibrium: 

L - L2 = Li with = L2 

In a competitive equilibrium, the rate of growth corresponds to the 
number of users (here the population) of public knowledge. The growth 
rate is proportional to the elasticity of production of B: 

„ _ (l - $ ) p L 

y ~ 1 - a - 0 ( 1 - $ ) 

The level of per capita income and factor prices depends on the level 
of public factors because a larger level induces more labour spent in edu-
cation, L2 j which decreases the supply of labour for production and thus 
increases wages. Due to the different abilities ej individuals have differ-
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ent willingnesses to pay. Individuals with more capital and lower abil-
ities want to pay less than individuals with low capital and high abil-
ities. One could think of démocratisation as a development of a tax level 
from that preferred by feudal landowners and wealthy rentiers to that 
preferred by individuals who have average incomes (per unit of labour 
spent in education) and further to one of a median voter. Then tax levels, 
steady state levels of public factors, and wages are also rising due to the 
démocratisation. This indicates that public knowledge and policy have a 
great importance in development issues and issues on policy in technol-
ogy. 

Of course, with no population growth in this simple model growth 
vanishes, as constant returns to scale are assumed in the production and 
the fixed primary input is essential in the production of human capital. 
One could change this result by including a production function for tech-
nology A (see section 4). 

Some of these approaches allow different levels in the economic devel-
opment of different countries. High levels of development are responsi-
ble for large quantities of accumulated capital and high degrees of 
labour division which in turn leads to higher accumulation in the models 
of Romer (1986) and (1987). Because of the increasing returns the mar-
ginal return on investment is highest in countries with large stocks of 
capital and/or a high degree of labour division. A similar effect is caused 
by an advantage in the accumulation of human capital and public 
knowledge in the model of Ziesemer (1990). Yet this latter effect is only 
temporary as the long-run growth is determined by population growth. 

In addition to these merits all these models suffer from a substantial 
weakness. Growth rates are positive if either population growth is posi-
tive or if the decrease in the marginal productivity of capital is assumed 
not to take place. 

Stokey (1988), Young (1991) and Lucas (1993) have discussed a solution 
to the first of these two problems. The basic assumption is that knowl-
edge generated through learning by doing in the production of one good 
is also useful in the production of other goods. Once the costs of these 
goods are sufficiently low they are sold on the market because people 
have increasing income and therefore prefer higher quality. Forward 
spillovers must be stronger than backward spillovers to make sure that 
new goods are sold on the market. If income effects are sufficiently 
strong old products are abandoned. Even without population growth per 
capita income can continue to grow. The number of varieties in the 
market increases over time in Young (1991). 

The papers of this subsection are listed in the first column of table 3 in 
the summary. 
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4. New Growth Theory: Produced Technical Progress 

4.1 The Neo-Phelpsian models 

The first paper in new growth theory which is also the paper most 
typical for the integration of microeconomics and the growth approach is 
written by Judd (1985). Technical progress comes in the form of new 
goods. New goods, different varieties with quantity x, enter a Spence-
Dixit-Stiglitz utility function every period which is summed up over 
time: 

U : 

OO V 

h - ! 
X (v, t) ' dv dt > 1 

The invention of new goods with cost k (this has no relation to k used 
earlier) units of labour thus, kV and the production of goods costs one 
unit of labour. As all goods enter the utility function in the same way 
and are produced by the same technology they are all produced at the 
same amount x(v,t) = y. The labour demand for the production of goods 
is thus yV. The labour market constraint is therefore 

kV + yV - L = 0 

The maximisation of the utility function subject to the labour market 
constraint yields the optimum for the economy described so far. In the 
steady state the number of varieties grows at the same rate as popula-
tion. From the point of view of specifications used for innovation, it is 
clear that we have a linearly homogeneous production function for V 
which is quite analogous to A in the old models. Thus the specification is 
identical to that of Phelps and so is the dependence of the growth rate 
on population. 

In a second step Judd shows that the optimum can be achieved by 
Chamberlinian monopolistic competition: each firm produces one variety 
and the answer to a widening of the market is the invention of new vari-
eties yielding new patents which must have infinite length to be optimal. 
The optimality property is due to the balancing out of two non-optimal-
ities: on the one hand the number of varieties is given to households 
where each new variety gives a positive externality to them; as the impli-
cit demand is not articulated there are too few varieties indicating that 
resources should be shifted to R&D; on the other hand monopolistically 
competitive firms have to pay an annuity of the R & D costs as fixed 
costs leading to prices higher than marginal costs indicating that 
resources should be shifted to production. Under the CES utility func-

ZWS 115 (1995) 3 

https://creativecommons.org/about/cclicenses/
OPEN ACCESS | Licensed under CC BY 4.0 | 

DOI https://doi.org/10.3790/schm.115.3.429 | Generated on 2024-05-18 05:55:12



What's New and What's Old in New Growth Theory 447 

t ion given above the two inefficiencies cancel and therefore the opt imum 
is reached. 

A fu r the r achievement of Judd ' s paper is tha t under f ini te pa ten t 
length there are cycles of innovations. If the marke t has extended 
strongly, innovators speed up innovations because they can cover f ixed 
costs very quickly. This speed of innovation conflicts wi th the limits of 
constant marke t growth due to constant popula t ion growth. Innovat ion 
thus slows down. When popula t ion growth has widened the marke t 
again innovation speeds up. 

To summarise, Judd ' s paper considers endogenous technical change 
under imperfect competi t ion including the inst i tut ional f r amework of 
patents . This model has been used by Grossman /He lpman (1989) to ana -
lyse the relat ion between growth and t rade. 

The papers of this section are listed in the th i rd column of table 3 in 
the summary. 

4.2 The Neo-Uzawaian models 

A model wi th a qui te d i f ferent s t ruc ture than all previous models has 
been developed by Prescot t /Boyd (1987). A f i rm is def ined as a coalition 
of old workers who have some knowledge which is useful in producing 
output . Output product ion is more product ive if young workers are 
hired. Young workers know tha t they will be old next period and then 
will offer the knowledge. So old workers offer a wage plus an education. 
Thus intergenerat ional t ransfe r of technology can produce constant 
growth, if it is sufficiently productive. The relat ion between current and 
fu tu r e knowledge k is specified as 

kt = kQ (x* f 

where x* is the common constant growth ra te for consumption, knowl-
edge and income. Constant growth ra tes are thus directly imposed. They 
are optimally chosen as in Uzawa (1965) and do not d isappear if popula-
t ion growth stops as in Phelps (1966) and do not grow as they (possibly) 
do in Shell (1967). 

The neoclassical view on technical change can be summarised by two 
s ta tements: models have to fi t the stylized fact of constant growth rates 
and it is admit ted tha t there is an imperfect ion due to the impossibil i ty 
of keeping knowledge secret. The f i rs t aspect is dealt wi th by Uzawa 
(1965) and the second by Romer (1986). Lucas (1988) synthesizes them. 
The technology product ion funct ion is a modif icat ion of Uzawa's : 

ZWS 115 (1995) 3 

https://creativecommons.org/about/cclicenses/
OPEN ACCESS | Licensed under CC BY 4.0 | 

DOI https://doi.org/10.3790/schm.115.3.429 | Generated on 2024-05-18 05:55:12



448 Johannes Schneider and Thomas Ziesemer 

A = 6{L2/L)A 

Romer's externality is added to the neoclassical production function: 

Y = K0 (ALi)1_/3 A7 

The preferences are characterized by the CIES-utility function with 
elasticity <5. Lucas then derives the growth rate for the central optimum 
by maximizing the utility function subject to the two production func-
tions and the resource constraints for capital and labour. The result is 
the optimal rate of technical change 

A* _ ( * + - ( * £ = l = ° 6 - p 
<7(1-0 + 1) <T 

where p is the rate of time preference. In a second step Lucas carries out 
the same optimisation up to the derivation with respect to A7 the exter-
nality. This is interpreted as a second best optimum, competitive equili-
brium with an externality. The growth rate thus obtained is 

A _ (1 - 0 ) [ 6 - { p - .)] 

a ( l - P + 7 ) - 7 

A* can be shown to be higher than A for 7 > 0. Thus neglecting the ex-
ternality reduces the rate of technical progress. Lucas interprets A as hu-
man capital created by the investment of labour time. 

Due to increasing marginal productivity of A in this model the produc-
tivity of human capital increases with the level of development, i.e. the 
stock of human capital if 7 - ¡3 > 0. These differences should explain 
the migration of both factors to developed countries. But in turn this 
implies that all mobile capital relocates from underdeveloped to devel-
oped countries. In order to avoid this obviously unattractive consequence 
one has to introduce some mobility barriers to human capital or some 
immobile factors such as land. This latter would cause some of the 
resources to remain in the underdeveloped countries. 

However, the neoclassical growth results can also be obtained in a dif-
ferent context with externalities internalised (see Ziesemer, 1991). The 
context has been chosen to check whether it is true that price taking 
behaviour is inconsistent with endogenous technical progress. The 
answer is that a firm which has an output and a technical progress divi-
sion can act as a price taker if the production function of technical pro-
gress is homogeneous of degree zero in the control variables H, Li 

ZWS 115 (1995) 3 

https://creativecommons.org/about/cclicenses/
OPEN ACCESS | Licensed under CC BY 4.0 | 

DOI https://doi.org/10.3790/schm.115.3.429 | Generated on 2024-05-18 05:55:12



What's New and What's Old in New Growth Theory 449 

A = G(H/LltA) = (H / Li)a Al~a 

and the product ion func t ion of ou tput is l inearly homogeneous in the 
control variables K, H, Lx 

Y = F(K, H, AL\) 

and if a fac tor is needed in bo th divisions it must be used simultaneously 
as expressed in the above specificat ion using the same symbol for H and 
L1 in both funct ions which can be in terpre ted as externali t ies. H is 
mainly used in G ( ) bu t helps t ransfer ing technology into F (•) and L1 is 
mainly used to produce ou tpu t bu t makes d i f fus ion more diff icul t be-
cause an increase in the number of workers make di f fus ion more d i f f i -
cult. Having both divisions in one f i rm the external i t ies are internalized. 
If there is only one f i rm tha t can keep its knowledge of inventions secret, 
for example by patents , t han one receives a horizontal cost func t ion for 
each point in t ime where A is a given s ta te variable. If the pa ten ts have 
expired or knowledge has leaked out in some way, then the knowledge is 
publ ic and there may be many f i rms j using the same knowledge, each 
having a product ion func t ion F (Kj, Hj, AL{). Again perfect competi t ion 
is no problem. In this case one has to make a dist inct ion between the 
j- th innovator wi th func t ion A = G (Hj/L\,A) and the imitators who 
may have no such func t ion but , for example imitate, wi thout costs. Both 
make zero prof i ts if they behave as price takers as it is opt imal and thus 
requi red by identical households. The sum of the margina l products of 
an input in F and G must equal its fac tor price. So price tak ing beha-
viour is logically possible in this context as in the context of Ziesemer 
(1987). The outcome is the following equi l ibr ium growth rate: 

A = g{h) h EE H/ALl 

If there is no marke t for the services of A which are used in the pro-
duct ion of h u m a n capi tal this ra te is lower than the opt imum bu t can be 
raised through a subsidy payed per uni t of A. 

A di f ferent quest ion is whe ther or not f i rms are given the objective 
func t ion to act as price takers if owner households are heterogeneous 
wi th respect to their shares in f ixed ownership. Unfor tuna te ly this ques-
t ion has not been t rea ted unt i l now. In Ziesemer (1993) the product ion 
funct ion of technical progress is combined wi th the aspect given by Zie-
semer (1990) leading to dependence of the ra te of technical progress on 
the ra te of publ ic expendi ture for educat ion for which individuals have 
di f ferent will ingness to pay because of their d i f ferent abilities. The ra te 
of technical progress is thus dependent on the polit ical resolution of the 
conflict. 
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B e c k e r / M u r p h y / T a m u r a (1990) ident i fy technical progress wi th pr i -
vate investment in education. Paren ts choose between spending their 
t ime either on the educat ion of a large number of chi ldren wi th each 
receiving lit t le educat ion or a small number each receiving a lot of edu-
cation. Higher numbers and bet ter educat ion both require more labour 
time. Moreover, paren ts maximise not only their own well being bu t also 
tha t of their children. The point is tha t paren ts who are poor and have 
only lit t le h u m a n capital have a low product ivi ty in educat ing their chil-
dren and have a high t ime preference rate. Thus they invest l i t t le in the 
qual i ty of their chi ldren bu t have many children instead, who are then 
poorer in the next period then their paren ts have been before. However, 
if they are r ich because they have much h u m a n capi tal then they have a 
low ra te of t ime preference and a high product ivi ty in educat ing their 
chi ldren and therefore they invest much in their chi ldren 's education, 
thus making the next generat ion r icher than they are themselves. In the 
long run the system approaches a constant growth rate. Between these 
two extremes there may be a threshold level at which children remain as 
r ich as their paren ts were. Beyond this point the poor get poorer and the 
r ich get r icher. This is also an example of pa th dependence. The depen-
dence of the marginal product ivi ty of labour t ime on the h u m a n capital 
endowment , the implied threshold level, and the constant growth ra te 
are generated s tar t ing wi th a product ion func t ion 

Ht + 1 = Aht(bH0 + Ht) 

H0 is the child 's endowment , Ht the paren t ' s endowment and ht the la-
bour t ime invested by parents . Thus the optimal ht depends on Ht mak -
ing dynamic increasing re tu rns possible. 

A crucial point seems to be tha t product ivi ty in chi ldren 's educat ion 
depends on the knowledge of the paren ts instead of tha t of their t each-
ers. This leads to a ra ther high emphasis on intergenerat ional accumu-
lation. Here marke t s t ruc ture plays no role because the whole s i tuat ion 
is formula ted as a family problem. If one could in t roduce a marke t for 
schooling wi thout any addi t ional assumptions about the imperfect ion of 
capi tal marke ts the entire result could break down if the most able 
people become teachers and poor families could obta in credits to f inance 
education. 

As popula t ion is endogenous the B e c k e r / M u r p h y / T a m u r a model has 
the advantage of generat ing a growth ra te tha t does not depend on the 
exogenous level or growth ra te of the populat ion. 

The papers of this section do not use any monopolist ic elements. More-
over, they focus the explanat ion of growth on specific aspects of the 
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development of human capital rather then the role of fixed costs of R & D 
knowledge. Moreover, Becker/Murphy/Tamura require no assumptions 
about population growth. They determined the growth of population 
endogenously and showed that in the long-run population growth will 
vanish. 

The papers summarized in this section are listed in the fourth column 
of table 3. 

In the last years models of endogenous growth have been developed 
where the progress of knowledge is associated with new horizontally dif-
ferentiated goods (Romer 1990) or with new production techniques on 
the basis of new vertically differentiated factors and goods (Aghion/ 
Howitt 1992 and Grossman/Helpman 1991 a, b). The various models work 
with imperfect competition in the markets for the differentiated goods or 
intermediate factors. 

The assumptions about the rivalry and the exclusiveness of the knowl-
edge developed by private firms play a key role in the model of Romer 
(1990). As in most growth models it is assumed that there is no rivalry of 
organisational and technical knowledge. Moreover, it is suggested that 
this knowledge can only be partially excluded in the sense that firms can 
prohibit other firms from direct imitation of their products. They are 
unable to prevent other firms from the use of their knowledge even in 
the production of close substitutes. Behind this stands obviously the idea 
that even extended property rights cannot install perfect markets for 
this knowledge. Patent systems only induce some temporary or perma-
nent monopolistic position in the markets for intermediate goods of the 
inventors. As the knowledge does not rival other firms can use this 
knowledge in a different context. Therefore we have a free lunch effect 
which is in fact a vehicle of growth. 

Horizontally differentiated intermediate factors - quite analogous to 
Judd's horizontally differentiated consumer products - have been con-
nected to the traditional growth approach by Romer (1990). In the pro-
duction function for output we call x(i) the different intermediate 
goods, A the number of their varieties, x the quantity and Ax77 the accu-
mulated stock of capital needed to produce Ax. Other symbols are used 
as above: 

4.3 The Neo-Shellians 

A 

0 
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The product ion func t ion is l inearly homogeneous in the rival inputs 
Hi, L and x. Moreover, the nonrival input A has an increasing inf luence 
on the product ivi ty of the r ival inputs . A is an external i ty to the f i rm 
tha t acts as a price taker in the output market . Technical progress con-
sists of the percentage change in the number of varieties using the fol-
lowing product ion funct ion: 

A = 6H2A 

This is l inear in all variables bu t A as in Shell (1967). With a CIES-
uti l i ty funct ion this leads to a long-run growth ra te 

_ A _ Y^ _ K_ _ 6H - Ap 
Act + 1 

depending on the exogenous stock of h u m a n capital and the parameters 
of the uti l i ty funct ion and the product ion funct ion. A is a constant deter-
mined by the elasticities of the product ion funct ion: 

a 
A = ( i _ /?)(<> + /?) 

The growth ra te increases if the h u m a n capi tal increases. If the la t ter 
were growing, perhaps paral lel wi th the populat ion, there would again 
be increasing technical progress rates. Romer is a protagonis t of the idea 
of an increasing growth ra te and suppor ts his posit ion wi th some empir i -
cal evidence (Romer 1986). It is s t range tha t the per capi ta growth ra te 
should increase wi th the aggregated human capital H 2 and the variety A 
of the intermediates . In the model this is caused by the assumpt ion of 
constant re tu rns to the h u m a n capital . In the empirical investigation this 
is caused by adding da ta f rom before 1870. This phase could, however, 
be in terpre ted as a t ransi t ional phase in the t imes of industr ia l isa t ion in 
the Uni ted States. 

Horizontal ly d i f ferent ia ted intermediates have been applied to t r ade 
theory in Grossman /He lpman (1990). 

Schumpeter ' s idea of creative destruct ion has been formalised by 
Aghion /Howi t t (1992). The basic idea is tha t consumer goods are p ro-
duced by a f ixed and exogenous quant i ty M of unskil led labour and an 
in termedia te fac tor x. It is assumed tha t f i rms act as perfect competi tors 
and the product ion func t ion is l inearly homogeneous: 

y = a f ( X ) 

ZWS 115 (1995) 3 

https://creativecommons.org/about/cclicenses/
OPEN ACCESS | Licensed under CC BY 4.0 | 

DOI https://doi.org/10.3790/schm.115.3.429 | Generated on 2024-05-18 05:55:12



What's New and What's Old in New Growth Theory 453 

A is a parameter which represents the productivity of the intermediate 
input which can be increased by the use of the new intermediate goods 
which replaces the old intermediate good; this is represented by a higher 
value of A. Intermediate inputs are produced by the use of skilled labour 
L according to a simple linear technology. 

x = L 

A firm can buy a patent from an innovator and produce the intermedi-
ate goods. The producer of the new intermediate good can act as a mono-
polist until the next innovation occurs. Innovations are produced by 
innovators who use a flow of skilled labour n and a flow of specialised 
labour R. These labour inputs produce a random sequence of innovations 
with the Poisson arrival rate A0(n, i?) where A is an arrival parameter 
and 0(n, R) is a linearly homogeneous production function with positive 
marginal products of n and R. This arrival rate is independent of past 
activities. 

Each innovation consists of a blue print for new intermediate goods 
which allow a more efficient production of the consumer goods. The 
innovators sell patents to a producer of intermediate goods for the 
expected value of the monopoly rent. The use of the new intermediate 
good increases the productivity parameter A by a factor 7. The produc-
tivity of the new intermediate good in t is thus: 

At =A0jt 

If n t and Rt are the labour inputs applied in the interval t, the length 
of the time interval to the next innovation is an exponentially distribu-
ted random variable with the parameter A4>(n,R). In the mean time the 
producer of the new intermediate good acts as a monopolistic competi-
tor. 

This model produces a unique stationary equilibrium. In a simplified 
case, where 0 (n) — n and F (x) = xa, the equilibrium input n* is deter-
mined by the equation 

1 - a 
A 7 (N - 71*) = r + An* 

a 

where N stands for the exogenous supply of skilled labour, and r for the 
discount rate. If a growing population would imply also an increasing N 
the growth rate of output would increase as in Romer (1990). However, 
for positive per capita income growth at a rate An ( - I n 7 ) the following 
condition is necessary and sufficient: 

ZWS 115 (1995) 3 30' 

https://creativecommons.org/about/cclicenses/
OPEN ACCESS | Licensed under CC BY 4.0 | 

DOI https://doi.org/10.3790/schm.115.3.429 | Generated on 2024-05-18 05:55:12



454 Johannes Schneider and Thomas Ziesemer 

1 - Q A7 N > r 
a 

Given values of 7, A, N and r positive balanced growth is possible if and 
only if a is sufficiently small: 

A 7 iV a < a* = -—— < 1. 
A7 N + r 

Positive balanced growth can only occur if 1 - a which is equal to the 
Lerner measure of monopoly power is sufficiently high. If the degree of 
monopoly power is not sufficiently high (a > a*), the flow of monopoly 
rents which the innovator achieves by the sale of the patent is not high 
enough to provide an incentive for a positive research effort n* in the 
steady state. 

In the model of Aghion/Howitt there are three deviations from a social 
planning optimum, the first two leading to underinvestment and the 
third leading to overinvestment by the innovators in the laissez-faire 
case. The private innovator does not internalise consumers' surplus 
induced by his innovation; thus we have an underinvestment in research. 
The private innovator can obtain the rent from innovation for only one 
period whereas the social planer considers the whole stream of future 
rents. Thus the positive impact of an innovation on future innovations is 
not taken into account and the laissez-faire economy tends to underin-
vestment. Finally, there is a kind of "business stealing effect" which 
leads to overinvestment in the laissez-faire case: The innovator does not 
internalize the loss of surplus of his predecessors whose rent he destroys. 

Grossman/Helpman (1991a) have applied this to quality ladders in 
consumer products with a temporary monopoly as in Aghion/Howitt 
(1992) and in Grossman/Helpman (1991b) to product cycle theory in a 
North-South context with Bertrand competition due to the existence of a 
southern imitator who has lower wage costs. 

A Schumpeterian Model of the Product Life Cycle has been discussed 
by Segerstrom/Anant/Dinopoulos (1990) in a North-South context. In 
their model technological progress results from a sequence of R&D races 
in each of which - in contrast to Schumpeter and Aghion/Howitt - a 
(technology for a) new product will be developed. As they assume that 
only northern workers are capable of doing R&D work only northern 
firms can take part in these R&D races. Each R&D race is modelled as 
an "invention lottery" whose winner gets the exclusiveness of this pro-
duction patented for a certain period of time after which the patent 
expires and the technology of the product gets common knowledge to all 
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f i rms in Nor th and South. The length of a race V for the produc t 
depends on the overall R & D labour VR which the Nor th invested in this 
p roduc t in the following way: 

V = h (Lj
R) with h (VR) > 0, h' {Lj

R) < 0, h" (.VR) > 0, and h (0) < oc 

This means tha t invention takes some time. The span of t ime decreases 
wi th the overall amount of labour which is invested in a cer tain produc t 
in a diminishing manner . Moreover, some invention takes place even 
wi thout R & D effort . The probabi l i ty of a single f i rm i to win such a race 
depends on its pa r t of the R & D labour , L ^ / L ^ , invested in this product . 
Apar t f rom some technical assumptions they need one critical assump-
tion to prove the uniqueness and the existence of a s teady s ta te of a gen-
eral equi l ibr ium model wi th (Bertrand) competi t ion among the R & D 
firms. They only have to assume tha t the discounted labour costs of 
developing a new produc t rise as the f i rms t ry to speed up the R & D pro-
cess by devoting more resources to R & D (see eq. (5) S e g e r s t r o m / A n a n t / 
Dinopoulos 1990). This means tha t apa r t f rom the external effect of over-
all investment in R & D labour inputs the pr ivate costs of these inputs 
increase if the overall input of labour in R & D increases. Otherwise the 
per capi ta growth could be driven over all limits. 

Rebelo (1991) has shown tha t the non-convexi ty caused by the external 
effect is not essential for positive per capi ta growth. He uses a descr ip-
t ion which is similar to tha t of Lucas wi th two main differences. First 
there is no external effect in the product ion func t ion of the goods which 
is l inearly homogeneous in the effective fac tor inputs : 

y = K" (ALi )1_t t = K + C 

The t ime available is set constant and equal to one. Individuals can 
enjoy leisure 1 — L wi th 

L = Li + L2 . 

Second physical capi ta l is used in the product ion of the technology: 

A = K \ ~ p ( A L 2 y 

The growth ra te is (see eq. 14 in Rebelo's paper) 

g = max 
VA\A\- V [ l - L)1 

6 - p 
, - <5 
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The interesting result is that the growth rate increases with the total 
number of work hours in the output sector and in the accumulation of 
human capital. Thus the harder people work the faster the economy 
grows. 

In Rebelo's model constant per capita growth is possible as no fixed 
factors such as labour or land are used in the specification of technology 
in this model. Only reproducible products are used as factors in technol-
ogies which show constant returns to scale with respect to them. Of 
course the assumption that production as a whole does not use any non-
reproducable factor is heroic. In fact Rebelo returns to the Harrod-
Domar production function and makes the savings ratio endogenous in a 
neoclassical manner. The results are constant growth rates if the number 
of labour hours is constant, but increasing growth rates if the number of 
labour hours or the quantity of any other primary factor are growing. 
Only with this assumption can the model be reconciled with the Kaldor-
ian stylized facts. The trick is to use a production function which is line-
arly homogeneous in augmentable factors where technology is identical 
to human capital which is also augmentable. Except for the introduction 
of leisure this model is identical to the model of Shell. The difference in 
the interpretation is that Shell calls A a public good that is produced by 
the government whereas Rebelo calls A human capital and assumes that 
it is produced by households. 

Jones/Manuelli (1990) have presented a similar result in a different 
but finally not more satisfying context. They assumed that the produc-
tion of goods can be described by a CES-production function with fixed 
factors as inputs. In this specification of technology non-reproducable 
factors are not essential. Whenever one thinks that some non-augmenta-
ble factor is essential to the technology, per capita growth cannot occur 
without some form of non-convexities. 

The development of endogenous growth models with constant returns 
to a broad concept of capital is extended by Barro (1990). He presents a 
model of tax-financed public investment also increasing the productivity 
of private capital, production and private welfare as well. As the basic 
concept he introduces a production function which is linearly homoge-
neous in private capital, including human and real capital, and public 
services which affect the productivity of private capital. In close analogy 
to Rebelo's specification output per head, y, is written as a linearly 
homogeneous function of private capital per head, k, and public services 
per head, g: 

y = k<j>{g/k) = Akl~a ga 0 < a < 1 
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The public services are understood as public goods which do not rival 
such as non-overloaded infrastructure. Neglecting public debt he 
assumes that public expenditure is financed by a flat rate income tax r 

g = r y = r k c f > ( g / k ) = r A k 1 ~ a g a = ( r A ) 1 / ( 1 _ Q ) f c g = k = y 

Assuming a CIES-utility function and using the accumulation equation 
Jc = y - c Barro obtains the following growth pattern: 

where rj denotes the elasticity of y with respect to g and equal to a in the 
CD case. This economy moves always in a steady state and has no transi-
tional dynamics as in Rebelo (1991). All quantities grow with the rate 
above. This results from the convexity of the production technology and 
the fact that no fixed factors are used to produce the capital goods - pri-
vate and public. For a = 0 the model is driven by the linearity of the 
technology in its reproducable factor, whereas in Rebelo there are two 
reproducable factors. Labour is ignored in this model and therefore the 
role of population growth cannot be considered, but it can be understood 
from Rebelo's version. 

According to Barro (1990) differences in the level of development 
would persist for equal preferences and technologies if each country 
chooses the optimal tax rate r = a. 

Young (1993a) derived a Shellian model of growth with a constant 
(increasing) growth rate and a constant (growing) population from a 
combination of pure learning by doing externality as discussed in section 
3 with a Phelpsian concept of innovation as discussed in section 4.1. He 
assumes that the economy experiences bounded learning by doing with 
spillovers to other goods. At each time a society knows how to produce 
goods represented by the subset of the real line [0,iV(t)]. Learning by 
doing consists of a decrease of the single productive input labour. 
Although it assumed that this learning arises from the productive use of 
labour and that it applies to the production of all goods it is bounded in 
the following sense. The input coefficients cannot decrease under a cer-
tain minimum, a restriction which obviously applies to older goods. 
Therefore the function a (s, t) describes the input coefficient of good s at 
time t where more recent goods have a higher index s: 

y_ 
y £ = 7 = 7 [(! - T ) *(•)(! - v ) - p ] 

a (s, t ) = aQ e Vs G [0,T(t)] 

a (s, t ) = a0 e 
,-T(t) s-T{t) e• Vs e [T ( t ) , N (t)] 
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The speed of obtaining the limit T (t) evolves according to the learning 
by doing function 

N(t) 

T ( t ) = J V L ( s , t ) d s 

T(t) 

where & denotes the learning rates of the workers. 

The variety of (techniques for the production of) new goods develops 
according to the following Phelpsian concept of innovation 

LR 
N ( t ) = - ± aR 

where LR and aR denote the labour input and the labour coefficient in 
research activities. 

The model can generate three possible steady state equilibria in which 
N - T must be constant. The first one T = N = 0 occurs if the dis-
counted flow of profits out of inventions are less then the costs of inven-
tions, in the context of this model if CLR > L/p where L and p denote 
total labour supply and the discount rate. The profits out of inventions 
depend on the size of the market which is here measured by the labour 
input. If no labour is invested to invention the whole labour supply is 
put into the production of goods. If aR < L/p there are two possible 
steady states. For small p and & the long run growth rates of T and N 
which are equal to the growth rate of per capita income are 

T = N = 

otherwise 

&L 

2 + &aR 

Vh(N - T ) L 
T = N = t t* /at ,m w i t h h 0 > 0. 

1 + aRVh (N - T ) w 

Beside the first case where the technology of invention is not produc-
tive enough the model generates a constant growth rate of income 
although the specification of the invention process is Phelpsian. This is 
due to the combination of the learning by doing externality with the 
Phelpsian concept of the invention function. 

Amable (1993) combines the concept of technical progress as forma-
lised by Aghion/Howitt (1992) called radical innovation and that of 
Romer (1990) called incremental innovation. Here incremental innova-
tion is specified in a Phelpsian manner to make sure that it cannot drive 
the economy alone. Radical innovation is specified to be Shellian and 
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drives the economy. Clearly radical innovation subst i tutes in termedia te 
goods whereas the incremental technical progress is complementary to 
them. 

Young (1993b) also provides a combinat ion of subs t i tu table and com-
plementary technical progress. New var iants of in termedia te goods N are 
produced by R & D in competit ive laborator ies using the product ion 
funct ion 

N = NLR/aR 

with labour input in research LR and its coefficient aR. 

This is a typically Shell ian specification. New in termedia te goods can 
be used in the product ion of goods and can even lead to the possibili ty of 
making new goods wi thout addi t ional costs. By assumpt ion relatively 
new goods can use all exist ing in termedia te goods. Relatively old goods, 
however, are unable to use new intermediates . The use of new in termedi-
ate goods by relatively new goods increases the product ivi ty of their p ro-
duction. Consumers shif t expendi ture to the new goods because they 
become cheaper and buy less of the old goods. New intermediates are 
thus complements to in termediates in the product ion of new goods, bu t 
subst i tutes wi th respect to in termediates in the product ion of old goods. 
The model generates mult iple equil ibr ia wi th d i f ferent growth rates. The 
high growth equi l ibr ium is dominated by subst i tu tabi l i ty and the low 
growth equi l ibr ium is dominated by complementar i ty . 

In models using love-of-variety funct ions variety is always increasing 
because no var iant is selected away. In Young (1991) variety is increas-
ing a l though some old goods are selected away. In Young (1993 a) the 
range of goods wi th learning as well as the range of goods produced is 
constant . In the qual i ty ladders mo'dels the range of goods is also con-
s tant and the number of var iants equals one. There is no model wi th a 
decreasing range of var iants discussed so far . 

Acharya and Ziesemer (1994) develop a model which allows for 
increasing, decreasing and for long periods in t ime approximate ly con-
s tant numbers of var iants . They in t roduce qual i ty weights tha t are expo-
nent ia l in the index of goods - where a higher index indicates a more 
recent var iant as in Young's papers - into the ut i l i ty funct ion. The uti l i ty 
funct ion is of the love-of-variety type and the qual i ty weight is mul t i -
plied to the quant i ty of goods. Consumers don ' t buy goods which are too 
expensive relative to the quali ty. Labour is the only factor of product ion. 
Producers have lower l abour - inpu t coefficients for more recent var iants 
as in Young (1991, 1993 a) and have f ixed costs f rom the licensing fees, 
tha t they pay to the invent ing R & D firm. The R & D f i rm has a Shell ian 
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or Phelpsian production function for making new variants. In the Shel-
lian case cumulated knowledge results in a decline in the licensing fees 
for old and new variants. As this generates lower fixed costs for produ-
cers the quantity at which the firm breaks even, decreases and leaves 
more room for variety in the budget of households. If this effect is strong 
enough variety is increasing not only as a result of new goods coming in 
but also because of goods being reselected that had not been selected 
before. In the limit in this instance, the pure love-of-variety case will be 
reached. If the fixed cost decreasing effect is weak, variety is decreasing 
because the quality weight is exponential and therefore new goods are 
strongly preferred to old ones which are selected away. In this case the 
quality ladders' result of only one variant remaining in the market is 
reached in the limit although this may take 40 periods each of which is 
longer than one year, in simulations which contain long phases of 
approximately constant variety. If the specification is Phelpsian, fixed 
costs are not decreasing and variety is reduced quickly. If the elasticity 
of the stock of knowledge in the R&D production function lies between 
zero and one, an intermediate case between those of Phelps and Shell, a 
case can be constructed in which there is first a reselection of variants 
due to decreasing fixed costs, but later as growth phases out under zero 
population growth the decrease in fixed costs does the same and there-
fore the range of variety shrinks to unity after some periods. Increasing, 
constant and decreasing variety are thus all possible outcomes of the 
model in which the dynamics of product selection is driven by the 
dynamics of fixed costs for licensing which in turn depend on learning 
effects. 

5. The investment function approach 

Stiglitz (1987) develops the idea in Solow (1956) that there may be 
multiple equilibria if the savings function is S-shaped. He uses Conlisk's 
(1967) version of the endogenous growth model and makes the savings 
ratio dependent on the interest rate. This allows an S-shaped savings 
function in the k - k plane if preferences are homothetic and the substi-
tution effect is sufficiently low to allow a negative impact of the interest 
rate on the savings ratio. The upper and lower equilibrium are stable. 
The equilibrium at the higher level of the capital-labour ratio has the 
higher growth rate. 

Scott (1989) suggested dropping distinctions between investment in 
capital and other purposes. This implies that there is no special role for 
technology and market structure. The allocation of labour and capital as 
in the production function approach and the allocation of capital as in 
the investment function approach of Vogt (1968) is not considered 
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further. Although Scott's approach deals with optimising households and 
perfectly competitive firms (see van de Klundert 1990 on this point) as 
can be done with the standard neoclassical growth model (see Abel and 
Blanchard 1983) this does not seem to be a way of making progress in 
the direction of microfoundations which is the subject of this paper. 

6. Summary 

Summarising the literature along the three standard problems of prop-
erty rights, monopoly, and insurance as discussed in Arrow (1962b) we 
find the following results: 

i) New growth theory has extensively discussed the consequences of 
the imperfections of patenting in Shell (1967), Romer (1986) and Ziese-
mer (1990, 1993) as a public externality, in Judd (1985), Lucas (1988), 
Romer (1990), Ziesemer (1991), Aghion/Howitt (1992), Grossman/Help-
man (1991a) with private externality; however, explicit modelling of 
patents can only be found in Judd's paper. 

ii) Different forms of market structure, the second strength of new 
growth theory, are summarised in table 1 [see also Amable/Guellec 
(1991) for a similar table in a survey of endogenous knowledge]. 

iii) Uncertainty is explicitly treated in Aghion/Howitt (1992), Amable 
(1993), Grossman/Helpman (1991a), King/Robson (1993), and Seger-
strom/Anant/Dinopoulos (1990); in some of them it is reduced to a cer-
tainty equivalent by use of the law of large numbers. The integration of 
uncertainty can be viewed as a third major contribution of new growth 
theory. An interesting general framework into which almost all types of 
new growth models can be integrated has been provided by Conlisk 
(1989). This general formulation may turn out to be very helpful for 
future research. 

iv) Finally, the forces driving growth have become more explicit in the 
new growth theory. The contents of these forces are summarised in table 
2. The specifications according to those of old growth theory is sum-
marised in table 3. 

Policy is a corrective taxation - to correct externalities or make prices 
equal to marginal costs or to pay for government factors (see Barro/ 
Sala-i-Martin 1992 for a survey with respect to government) - but 
implies distributional conflict in the case of public factors if users have 
different production functions as in Ziesemer (1990, 1993). The predic-
tions of convergence or divergence of growth rates in the former depends 
on the treatment of policy - Pareto optimal or inferior - whereas in the 
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Table 1 

Forms of Competition used in 

Perfect Competition Arrow 1962 a 
King/Robson 
Lucas 1988 
Prescott/Boyd 1987 
Rebelo 1991 
Romer 1986 
Stokey 1991 
Yang/Borland 1991 
Ziesemer 1990, 1991,1993 

Chamberlain Monopolistic Competition Acharya/Ziesemer 1992 
Amable 1993 
Grossman/Helpman 1990, 1991a 
Judd 1985 
Romer 1987 
Young 1991, 1993 a, b 

Bertrand Competition Grossman/Helpman 1991 b 
Segerstrom/Anant/Dinopoulos 1990 

Temporary Innovative Monopoly Aghion/Howitt 1992 
Grossman/Helpman 1991a 

Permanent Monopoly Yang/Borland 1991 

contributions last mentioned it depends on the outcome of a distribu-
tional conflict. 

The relation between endogenous population growth and endogenous 
technical change has been discussed earlier by Pryor and Maurer (1982) 
starting from the Boserup thesis. From the point of view of new growth 
theory this is discussed by Kremer (1993) with much emphasis on the 
empirics. Schulstad (1993) softens the strong impact of population 
growth known from Shellian models by introducing diffusion. 

Technologically generated growth cycles can be found in Shell (1967), 
Judd (1985), Aghion/Howitt (1992), Amable (1993) and King/Robson 
(1993). 

It seems to us that new growth theory has brought about considerable 
theoretical progress since Judd's pioneering paper in 1985. However, we 
should not finish this survey without making some notes on the evalua-
tion of the different approaches. The desire for such an evaluation is 
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Table 2 

Contents of Technology used in 

learning by doing 
learning by watching 

Arrow 1962 a 
King/Robson 
Stokey 1988 
Yang/Borland 1991 
Young 1991, 1993 a, b 

new varieties of 
consumer goods 

horizontally differentiated Judd 1985 
Grossman/Helpman 1989 
Young 1993 a, b 

new varieties of 
consumer goods 

vertically differentiated Grossman/Helpman 1991a 

new varieties of factors horizontally differentiated Acharya/Ziesemer 1993 
Grossman/Helpman 1990 
Romer 1987, 1990 

new varieties of factors 

vertically differentiated Acharya/Ziesemer 1992 
Amable 1993 
Grossman/Helpman 1991b 

private knowledge spillovers Lucas 1988 
Romer 1986 

intergenerational technology transfer Prescott/Boyd 1987 

households' knowledge Becker/Murphy/Tamura 1990 
Lucas 1988 
Rebelo 1991 

firms' knowledge Ziesemer 1991 

public basic scientific research Ziesemer 1990, 1993 

core capital goods Rebelo 1991 

comprehensible as progress in economics results from the quality rather 
than the variety of the models. Unfortunately the evaluation of the qual-
ity is anything but unanimous. Viewing the contemporary results of 
empirical analysis an evaluation of the competing approaches is in our 
opinion neither senseful nor possible. Because of the complexity of the 
problems it is convenient to sketch our arguments in two parts: 

1. Is there some need for or an advantage to be gained from new (endo-
genous) growth theory? 

2. Should we favour any elements or structures from particular endogen-
ous theories of growth? 
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Table 3 

A r r o w C o n l i s k / V o g t 

King/Robson 
Romer 1986 
Romer 1987 
Stokey 1988, 1991 
Yang/Borland 1991 ? 
Young 1991 
Ziesemer 1990 

Stiglitz 1987 
van de Klundert 1990 

Phelps Uzawa Shell 

Judd 1985 Becker/Murphy/Tamura 1990 Aghion/Howitt 1992 
Grossman/Helpman 1989 Lucas 1988 Amable 1993 

Prescott/Boyd 1987 Barro 1990 
Ziesemer 1991,1993 Grossman/Helpman 1990 

Grossman/Helpman 1991 a,b 
Jones/Manuelli 1990 
Rebelo 1991 
Romer 1990 
Segerstrom/Anant/Dinopoulos 1990 
Young 1993 a, b 

Old versus New Growth Theory 

The discussion between protagonists of the old and the new growth 
theories sometimes seems to be dominated by technical questions such as 
the degree of the homogeneity of the aggregate production function with 
respect to reproduceable capital. See, for example, Solow (1994). How-
ever, as Romer (1994) argued convincingly this is merely a expositional 
question of specific models rather than an essential attribute of new 
growth theory. It is however essential for some specific formulations of 
models of endogenous growth, especially the linear modells of Becker/ 
Murphy/Tamura (1990), Jones/Manuelli (1990) and Rebelo (1991), but 
also the linear homogeneous model of Romer (1986). 

In our opinion the so-called convergence controversy is the core of the 
disagreement. The proponents of the new growth theory allege a central 
empirical anomaly of the old growth theory; it implies a relatively fast 
conditional convergence of the per capita income because low per capita 
income go together with high marginal productivity of capital and incen-
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tives for investment, and vice versa. This implication follows immedi-
ately from the Solow model if uniform saving ratios and technolgies are 
assumed. This line of arguments contradicts Baumol (1986), who sup-
ports the convergence hypothesis by a regression of the growth rates of 
countries with their initial per capita income, which however is limited 
to the postwar era and the industrialized countries. In contrast Romer 
(1994) describes a test of convergence for industrialized and non-indus-
trialized countries which shows that countries with low initial per capita 
income by no means have systematically higher growth rates than coun-
tries with high initial per capita income. However the data used which 
are taken from Heston/Summers (1991) are only from 1960 to 1985. 

The supporters of old growth theory place this criticism in context by 
basing the critical implications on inessential oversimplifications in the 
assumptions of the traditional neoclassical model. See Solow (1994) and 
Pack (1994). For example Solow regards different rates of technical pro-
gress in the various countries as one of the factors which causes differ-
ent growth. Pack emphasizes the influence of the political and institu-
tional framework on the productivity of factors. Neither Solow nor Pack 
provide an explizit modelling of these effects. As a result it remains 
unclear how neoclassical models which generate such effects differ from 
endogenous growth models. 

Mankiw/Romer/Weil (1992) provide a far more interesting and sub-
stantial contribution to this debate. They extend Solow's model by 
including an additional factor, human capital. Doing this they can 
explain considerable parts of the differing development of per capita 
income by different rates of savings and population growth in different 
countries. However, their cross country analysis using Heston/Summers 
data for 98 non-oilproducing industrialized and non-industrialized coun-
tries is based on some restrictive assumptions. Firstly, they do not allow 
for international capital flows, and therefore different rates of savings 
are measured by the differences in the investment-GDP ratio. Secondly, 
and even more questionably, they assume that there are no differences in 
the depreciation rates, capital shares, and the rates of technical progress 
in the various countries. According to Grossman/Helpman (1994) their 
argumentation is basically flawed by the assumption of equal rates of 
productivity growth. If there are in reality large differences in the rate of 
technical progress and these lead to corresponding differences in the 
investment-GDP ratios, then the coefficient of the latter is too high and 
the estimation is biased. The coefficient in fact not only catches the 
influence of different saving rates but also to some extend the influence 
of differing rates of technical progress. Finally Mankiw/Romer/Weil 
state that there is some evidence that the good fit of the model is due to 
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large differences in investment-GDP ratios and rates of population 
growth. If only the 22 OECD-countries are used instead of 94 countries 
R2 reduces from 0.78 to 0.28, unless a convergence variable is imposed. 

Finally it is worth to mention that divergence of per capita income is 
not implied by all models of new growth theory. Especially the models of 
section 4.1 and 4.2 are compatible with the convergence hypothesis. It is 
the specification of the model, particularly the specification of the tech-
nical progress function which implies convergence or divergence of per 
capita income. 

There is no doubt that new growth theoriy has several theoretical 
advantages over the old growth theory. Also the supporters of old 
growth theory recognise the implementation of imperfect competition as 
a great advantage (c.f. Solow 1994, p. 49). Moreover savings, and even 
more important, the development of technical progress are endogenous. 
Finally the various models of endogenous growth provide a framework 
for the analysis of a rational policy for growth and development. Prota-
gonists of new growth theory promise that the consequences of this ana-
lysis will be rather different from laissez-faire (cf. Romer 1994, p. 20). 

The Variety of New Growth Models 

The presence of so many different models in a particular area of econom-
ics, such as endogenous growth, leads to the desire to evaluate the various 
models. In particular one may want to test the models empirically. 

The literature contains many cross-country regressions which claim to 
explain the sources of differences in the long-term growth rates of var-
ious countries although they are not derived from growth models. The 
structure of these numerous regressions is shortly and precisely summar-
ized by Grossman and Helpman as follws: "These regressions invariably 
include the beginning-of-period income level and the investment-GDP 
ratio, along with a number of the researchers own favorite variables." 
(See Grossman and Helpman 1994, p. 29). These assessments are dis-
cussed in the literature critically and at length. See especially Levine/ 
Renelt (1992) and Fagerberg (1994). 

Levine/Renelt (1992) confirm that the coefficients of regressions of the 
growth rates of countries with a big variety of politico-economic vari-
ables are siginificant. Yet they regard these models very sceptically as 
they find out that these regressions are very sensitive to the choice of 
explanatory variables. Even small changes in the specification of the 
models cause some coefficients to become insignificant. From the point 
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of view of these ad hoc regressions it seems impossible to favour a speci-
fic variant of an endogenous growth model. 

The general question arises whether these simple regression models are 
at all suitable for testing the empirical validity of particular approaches 
of the new growth theory. In particular Fagerberg has pointed out that 
these single equation regressions never can catch the complexity of ela-
borated and sophisticated new growth models. Instead of estimating 
reduced form models one should test more complete models, where only 
the exogenous variables of a particular theoretical model have to be esti-
mated. Moreover we should have "a sharper focus on the underlying 
assumptions of the competing views" (c.f. Fagerberg 1994, p. 1171). 
Moreover we would like to add that models that want to help explaining 
empirical phenomena should include international factor movements and 
trade and clarify the role of immobile factors like infrastructural invest-
ments before running regressions. Progress has been made with respect 
to technology and market structure issues, but the role of international 
trade, factor movements and government seems to be insufficiently ela-
borated. 

Taking these problems into account we are not able to evaluate the 
empirical validity of particular approaches of new growth theory. 
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Zusammenfassung 

Dieser Artikel bietet einen Überblick über die zentralen Entwicklungen der 
neuen Wachstumstheorie. Es wird untersucht, welche Lösungen die verschiedenen 
Ansätze für drei offene Probleme der alten (endogenen) Wachstumstheorie anbie-
ten: i) Eine explizite Formulierung der Black-Box "Technologie", ii) Die Entwick-
lung geeigneter Marktstrukturen, wenn über die Zeit zunehmende Skalenerträge 
vorliegen, iii) Begründungen für verschiedene Spezifikationen der Produktions-
funktion des technischen Fortschritts. Es stellt sich heraus, daß die neue Wachs-
tumstheorie beträchtlichen Fortschritt in den beiden ersten Punkten erzielen 
konnte, wohingegen sie im dritten Punkt über den Wissensstand der 60er Jahre 
nicht hinauskommt. 

Abstract 

This paper surveys new growth theory with emphasis on three open issues 
known from old endogenous growth theory of the sixties: i) What is the content of 
the black-box variable 'technology'? ii) Which market structure prevails when 
endogenous technology generates dynamically increasing returns? iii) What are the 
justifications for and implications of different specifications of production func-
tions for technical progress? We show that new growth theory has made progress 
on the first two problems but almost none with respect to the third. 

J EL-Klassifikation: O 30, O 40. 
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