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INTRODUCTION

The debate on the effects of the micro-processor (the ‘chip’) has
shown an extremely wide range of views about technical change,
employment and unemployment. Some commentators tend to
look upon this and other technical innovations as a major source
of unemployment, whilst others stress their beneficial effects in
generating millions of new jobs. Probably all would acknowledge
that technical change both destroys old jobs and creates new ones,
but the emphasis on one or the other side of the process varies
widely. One school of thought tends to assume that there is an
inherent equilibrating tendency, which keeps the two tendencies
in balance. Whilst not denying the existence of such equilibrating
tendencies, our analysis in this book also points to sources of dis-
equilibrium and to the links between technical innovation and
fluctuations in the economic system.

The high levels of unemployment recently experienced have led
to renewed interest in these problems of long-term structural change
and technical innovation — problems largely neglected by both
Keynesian and monetary economics. In commenting upon this
neglect, Jewkes and his colleagues (1958) observed: ‘Future his-
torians of economic thought will doubtless find it remarkable that
so little systematic attention was given in the first half of this cen-
tury to the causes and consequences of industrial innovation’ (p. 19).
They explained the neglect in terms of the inherent difficulties in
measuring and understanding technical innovation, the specialisation
of science and technology, and the preoccupation of most economists
with other issues which appeared to them more urgent and more
susceptible to analysis — such as unemployment and the overall
management of the economy.

We would certainly not underestimate the first of these diffi-
culties, and we are only too well aware of the inadequacy of our
own attempts to analyse and measure the flow of innovations and
their economic consequences. However, the fact that a problem is
difficult to understand and to analyse should not deter us from
making the attempt if it is important enough. And it is our con-
tention that the problem is of great importance. Moreover, as will
become evident, we do not regard the problems of unemployment
and overall management of the economy as separate from the
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problems of technical innovation, so that we do not see them as
alternative pre-occupations, but rather as part of the same pre-
occupation. Economic analysis and policy making that lacks a
technological dimension is simply not good enough to cope with
our present problems.

This is not to say that the economics profession has been under-
estimating the importance of technical change. Such a criticism
would be unfounded and totally unjustifiable. One of the things
on which economists of all persuasions are in agreement is the
great importance of technical change for the long-term growth
of productivity and for raising standards of living. However, because
of the great complexity and diversity of technical change and be-
cause of its unfamiliarity, there has been an understandable tendency
to treat it as a ‘black box’ and make simplifying assumptions about
it. After a while these simplifying assumptions tend to be taken for
granted; for example as part of the traditional ceteris partbus clause
in much economic analysis. It is, of course, essential to make some
simplifying assumptions, as otherwise no progress could be made
through the impenetrable jungle of detailed observations. However,
it is also necessary to remember that any model or abstract repre-
sentation of the behaviour of a system can only be as good as the
assumptions that are fed into it, and that if these are seriously in
error, misleading results may emerge.

For some short-term analysis it may not matter very much that
some doubtful simplifying assumptions have been made, as their
effects may be relatively insignificant over a short period. However,
if the analysis is extended to the long-term then serious misjudge-
ments may result. It has now become obvious that some assump-
tions about economic behaviour which appeared to be valid in the
1950s and 1960s, and gave apparently good results in forecasting
models at that time, were no longer valid in the changed circum-
stances of the 1970s and still less the 1980s.

It is the contention of this book that the simplifying assumptions
about technical change in much economic analysis can obscure the
real processes of change rather than clarify them, if we are con-
sidering long periods such as half a century. For example, it is
often convenient to assume a constant rate of technical change
or that technical change is ‘neutral’ in some sense, i.c., as having
neither a ‘labour-saving’ nor ‘capital-saving’ bias. A common assump-
tion made in many neo-classical growth models (see, for example,
Solow 1969) was that although capital stock per person would
tend to increase steadily as a result of technical change, it would
do so in such a way as to preserve a constant ratio of capital to
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output thus maintaining conditions for a steady long-term full
employment equilibrium growth path. In the long period of high
growth and relatively full employment after the war such an assump-
tion appeared plausible, but (as we attempt to show in detail in
Chapter 8) it does not provide a satisfactory description of what
has been happening since. Such questions are far from being hair-
splitting academic controversies; they have an important bearing
on the prospects for employment in the 1980s and the scale and
type of public and private investment needed to improve these
prospects.

Just as a realistic technological dimension is fundamental to a
proper understanding of the behaviour of the economy, we also
believe that an historical and institutional dimension is vital. The
development of industrialized economies cannot be reduced to
statistics of the growth of GNP, of industrial production, of capital
stock, investment, employment etc., valuable though these statistics
undoubtedly are. Underlying these statistical aggregates are the
growth of entirely new industries and technologies and the decline
of old ones and many social and institutional changes in the structure
of industry and government. An account of the growth of nineteenth
century economies that ignored the railways, the joint stock com-
pany or the steam engine would be seriously inadequate and the
same would be true of an account of the twentieth century that
ignored the electronic computer, the oil industry and the multi-
national corporation. This means that statistical analysis must be
complemented by economic, social and technological history, if
it is to illuminate the real processes of change which we are trying
to interpret. This is why we have rejected a purely econometric
approach to the problem. On the other hand a purely descriptive
anecdotal historical analysis is inadequate without some attempt
to measure the overall trends in the economy and the principal
components. v :

Our method, therefore, is one of ‘reasoned history’; we attempt
to interpret the statistical evidence of changes in the international
economy over a long period in the light of a discussion of the in-
cidence of major technical and organisational innovations and their
assimilation in the economies of the industrialized countries. After
a brief introductory chapter in which we present the basic statistical
facts about long-term trends in unemployment and discuss some
problems of measurement, definition and theory of unemployment,
we take up the issue of the occurrence of radical innovations and
their impact on the economy. This approach to economic develop-
ment is associated, above all, with the name of Joseph Schumpeter
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and it will be evident from Chapter 2 that we owe a great deal to
him. In this chapter we discuss the relationship between innovations,
long-term structural change and fluctuations in investment and
employment. Schumpeter insisted that opportunities for profitable
technical innovation were very unevenly spread over time, being
subject to explosive bursts as entrepreneurs realised the possibility
of exceptional profits and growth arising from new combinations
of technical and organisational change.

Following Schumpeter we stress some of these discontinuities
in the process of technical change. We argue that major inventions
and innovations have been unevenly distributed in their incidence,
both over time and in terms of their effects on the various sectors
of industry and services. They lead to the rapid rise of entirely
new industries and technologies and to the decline and disappearance
of old ones. Such processes have an international dimension, as
well as a regional dimension within countries, and they may be
far from smooth and painless in their impact, since they are essen-
tially disequilibrating. There is no warrant for complacent assump-
tions about self-correcting adjustment mechanisms, which would
lead rapidly and automatically to ‘compensating’ new employment
for all the jobs lost through technical change. On the contrary,
even in terms of non-Schumpeterian economic paradigms, there is
little to justify such complacency, and more reason to expect some
of the adjustments to be long-term and far from automatic.

We then discuss in Chapter 3 the ‘bunching’ or ‘clustering’ of
innovations and the possible relationship between such clusters
and long cycles of growth and stagnation. A pioneer in this field
has been Gerhard Mensch, who in his book on the ‘technological
stalemate’ (1975) propounded the view that depressions accelerated
the introduction of radical innovations, which consequently tended
to cluster in deep depression decades — such as the 1880s and the
1930s — and provided the impetus for subsequent phases of strong
growth and prosperity. Although we criticize some aspects of this
theory rather strongly in Chapter 3, we would like to acknowledge
our debt to Mensch and his colleague, Alfred Kleinknecht, for
their pioneering and thought-provoking work in this field of innova-
tion studies. Our differences with them relate not to the importance
of radical innovations and clusters of innovations, but to the social
and economic factors which influence the timing of such clusters
and their reciprocal influence on the behaviour of the economy.

In Chapter 4 we further develop our own approach to the cluster-
ing of innovations and their relationship to the growth of new
industries and the economy more generally. We stress the importance

S e s e

Wk e

INTRODUCTION ‘ xi

of the ‘diffusion’ process and the way in which a series of further
innovations are generated as a swarm of imitators move in to invest
in a new technology, attracted by the exceptionally high profits
achieved or anticipated by one or more of the pioneers. Unlike
Mensch we stress also the role of advances in basic science, whether
in physics, chemistry or biology, and of social, managerial and
organisational changes in triggering and facilitating clusters of basic
inventions and innovations. The bunching of technically related
‘families’ of innovations may not only give rise to several new in-
dustries but may simultaneously or subsequently affect many other
(existing) industries — as for example in the familiar contemporary
case of micro-electronics. We therefore discuss the rise of ‘new
technology systems’, rather than just new ‘industries’, in order to
capture the full scope and complexity of these developments.

In Chapters 5 and 6, in line with the basic approach that has
been outlined, we attempt to illustrate the argument with two
examples of new technology systems that have been particularly
important in the post-war growth cycle — synthetic materials and
electronics. These examples show that one or several major new
technologies are capable of imparting a sustained impetus to the
economic system lasting several decades. However, as economies
of scale are exploited and the technology is to some extent ‘stand-
ardized’, a more capital-intensive phase of growth sets in. Following
the entry of a swarm of imitators, profits are gradually ‘competed
away’ and then the opposite process of concentration sets in, accom-
panied by a ‘shake-out’ with the elimination of some competitors.
During the early period of rapid growth and imitation there is a
tendency for new firms, including small ones, to move in and for
employment to expand rather rapidly; but as a technology matures,
competitive cost pressures, standardization and labour-saving tech-
nical change associated with economies of scale tend to predominate.
The pattern of investment changes from capacity expansion to
rationalization and gives rise to a lower rate of employment growth,
or even to a reduction of employment.

We are, of course, only too well aware that the two examples
which we discuss certainly do not encompass the totality of eco-
nomic and technical change which has taken place since World
War II. But, for the purposes of this book, we have confined our-
selves to these two illustrative chapters. However, in Chapters 7
and 8 we extend the analysis to discuss how far the more generally
available statistics of industrial production, productivity, invest-
ment and employment, particularly for the UK and USA, support
the type of analysis which we have advanced.
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Chapter 7 discusses the variations in growth of output, produc-
tivity, prices and employment between the principal branches of
manufacturing, contrasting the fast and slow-growing sectors. It
attempts to relate those variations both ‘to the direct effects of
technical change and to the changing pattern of consumer demand.
Chapter 8 discusses trends in capital investment and the growth
of capital stock in the principal industrial countries. The tendency
for smaller increments of employment to be associated with each
new ‘vintage’ of machinery and plant may mean that massive new
mnvestment would be required to achieve a return to full employ-
ment, or in other words that unemployment could persist as a
serious problem because of ‘capital shortage’. The implications
of this analysis are that the problem of unemployment must be
approached not only in the context of short-term manipulation
of demand or the money supply, but also in the long-term context
of technical and structural change and the associated international
trade competition. The pattern of new investment that is feasible

is highly constrained by this intense international technological
competition,

In Chapter 9 we take up the question of the changing locus of

international technological leadership with all the associated con-
sequences for patterns of trade, investment and employment. It is
obvious enough that countries such as the UK, which were the
leaders in the early phases of technical innovation and industrial
growth, are no longer in that position today and are suffering from
some of the pangs of adjustment. The leadership that passed to
the USA and Germany in the third and fourth Kondratiev cycles
(i.e., the waves of expansion associated with the internal combustion
engine, electric power, the heavy chemical industry, and other
clusters of radical innovations) is now challenged by Japan. Such
changes depend not only on scientific or technical leadership but
also on the capacity to initiate those social and organizational
changes that facilitate the widespread adoption of the new families
of innovations. This leads on to the brief concluding discussion in
Chapter 10 of the policy implications of our analysis.

From this outline of the contents of the book it is evident that
it has two major themes: unemployment and the process of long-
term technical change. The first issue — unemployment — is dis-
cussed relatively briefly and mainly at the beginning and the end
of the book in Chapter 1 and Chapter 10, whilst Chapters 2 to 9
are largely concerned with the dynamics of long-term economic
growth. This balance, however, does not reflect the balance of our
concern, but simply the fact that it is necessary to understand some

-
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aspects of long-term structural and technical change in order to cope
with unemployment. We believe the problem of unemploym<?nt to
be the most serious confronting the industrialized countries in the
1980s and analogies with the 1930s are by no means f?r-fetched. .

It must always be remembered that Hitler’s accession to power in
1933 was directly associated with the effects of the Great.Depres.-
sion. Support for his party remained relatively small,_ even immedi-
ately after the run-away inflation of 1923, but his vote soared
from 1930 to 1932, when mass unemployment provided a fer-
tile breeding ground for his doctrines and thousax.lds of recruits
for the storm troops and other paramilitary formations. The riots
in English cities in 1981 were a further salut.z}r‘y reminder of the
potentially explosive psychological and 'pohtlc.al consequences
of large-scale unemployment associated with inner-city decay.

In a project closely related to our own Jahoda (1982) has con-
cluded that the destructive psychological consequences of unemploy-
ment for the individual are more severe than the alienating effects
of the less pleasant forms of employment. She has also concluded
that the harmful effects of unemployment in the 19805‘are poten-
tially as severe as those of the 1930s, in spite- of the intervening
changes in social welfare arrangements. She was one of the first
to study the destructive social psychological consequences of pro-
longed unemployment in Marienthal, a village in Austria, mn the
1930s and her views must command great respect.

If the analysis in this book has any validity it will not be easy
to avert some of the adverse consequences of large-scale upemploy-
ment in the 1980s. However, it is our hope that by focussing atten-
tion on the long-term problems associated wit.h technical change and
economic development, we may contribute in a small way to the
amelioration of these difficulties.
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1 THE DIMENSIONS OF THE UNEMPLOYMENT
PROBLEM AND THEORIES OF UNEMPLOYMENT

The purpose of this introductory chapter is to provide some basic
statistics on unemployment and to outline some theories of the
relationship between technical change and employment. The chapter
is divided into three parts: first, data are presented on the level and
structure of unemployment; secondly, the notion of ‘full employ-
ment’ is discussed to provide a context for assessing the magnitude
of the problem implied by the data; and thirdly a brief discussion
~ of causes of unemployment, with particular reference to technical
change, is presented. The overall intention is to provide a background
for the more specific theoretical ideas and empirical evidence pre-
sented in later chapters.

1.1 Levels and structure of unemployment

There is little need here to dwell at length on the fact that measured
unemployment has shown a persistently high and generally upward
trend in most OECD countries over the last decade. Table 1.1 sum-
marises the situation prevailing in a number of countries in selected
years in the post-war period and in the Great Depression of the
1930s, in both relative terms as a percentage of civilian labour
force (Table 1.1(a)) and absolute levels (Table 1.1(b)). Comparison
- with the unemployment levels of the 1930s shows that the situation
is not yet as serious as it was fifty years ago in most countries,
especially in the leading industrial countries — USA, Japan and
Germany. However the deterioration in the overall position since
the 1960s is clear as is the rapid deterioration in 1980-1. There
are no grounds for complacency, particularly as many economists
believe that serious difficulties will persist well into the 1980s.

Some commentators maintain that data such as these, taken at
face value, do not accurately reflect the problem facing developed
countries. Such arguments fall into two main groups. First, it is
sometimes suggested that the data suffer from serious, even over-
whelming problems of measurement. Large numbers of people are
included who should not be — those who, for example, are incap-
able of work, or are ‘voluntarily’ unemployed. Secondly, from a
more theoretical perspective, some schools of thought would regard



2 THE DIMENSIONS OF THE UNEMPLOYMENT PROBLEM

Table 1.1(a) Unemployment levels, as a percentage*

1929 1931 1933 1935
Belgium 0.8 6.8 10.6 11.1
Denmark 8.0 9.0 14.5 10.0
France 1.2 2.2 n.a. n.a. :
Germany} 5.9 13.9 14.8 6.5
Ireland n.a. n.a. n.a. n.a. |
Italy 1.7 4.3 5.9 n.a.
Japan n.a. n.a. n.a. n.a.
Netherlands 1.7 4.3 9.7 11.2
UK 7.2 14.8 13.9 108
USA 3.1 15.2 205 14.2
1959-1967 1973 1977 1979 1981 1981
(average) (Ist quarter) (December)t
Belgium 2.4 2.9 7.8 8.7 10.6 12.9
Denmark 1.4 0.7 5.8 5.3 8.0 9.5
France 0.7 1.8 4.8 6.0 7.1 8.9
Germany § 1.2 1.0 4.0 34 4.1 6.7
Ireland 4.6 5.6 9.2 7.5 10.0 11.5
Italy 6.2 4.9 6.4 7.5 8.3 9.6
Japan 1.4 1.2 2.0 2.0 2.1 2.2
Netherlands 0.9 2.3 4.1 4.1 6.3 10.2
UK 1.8 2.5 5.7 5.3 9.4 11.3
USA 5.3 4.9 7.0 5.8 7.2 8.9

Sources: 1929-1935: Maddison (1980). These estimates are rather lower in many
cases than those from other sources. 1959-1981: European Economy Annual Economic
Report 1980-1, Commission of the European Communities, November 1980; US Depart-
ment of Commerce, 1980; Statistical Abstract of the United States from Colonial Times
to the Present, Basic Books New York, 1976; OECD ‘Main Economic Indicators’.

*1929-1935 as a percentage of total labour force; 1959-1981 as a percentage of civilian
labour force.

tSeasonally adjusted latest figures, mainly from The Economist 30 January 1982,

£The Federal Republic for the period 1959-1981.

the figures as reflecting, in large measure, a ‘socially necessary’ or
‘natural’ state of affairs, or otherwise maintain that a proper inter-
pretation implies that current unemployment is less unacceptable
than a cursory examination of the data suggests. We shall briefly
touch on such arguments below, but it is not our intention to devote
a great deal of space to them. Our own position is that, despite
inaccuracies in the data and despite the range of interpretations of
them, unemployment now clearly represents a major social problem
in most developed countries, and hence is a priority issue for analysis
and policy.

Table 1.1(b) Absolute numbers of unemployed (1929-1935 , 1973-1981) (in thousands)
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4 THE DIMENSIONS OF THE UNEMPLOYMENT PROBLEM

Statistics on unemployment are compiled from a count of people
registered as looking for work. They are thus liable to misrepresent
the true extent of the problem by the inclusion of those who, under
some definitions, should not be considered as unemployed, and by
the exclusion of those who, while unregistered, should be considered
as unemployed. In the former category — those wrongly included —
most attention has been given recently to the possibility of wide-
spread ‘voluntary’ unemployment and to a suggested rise in the
numbers of fraudulent claims of unemployment benefit by those
actually working (in the so-called ‘black economy’). The latter
category — those wrongly excluded — comprises people who, while
jobless and potentially interested in employment, do not register
as unemployed because of pessimism regarding the likely avail-
ability of suitable job opportunities. Further factors which may
cause unemployment data to give a false impression of the ‘true’
state of the labour market are variations in rates of part-time working
and in ‘labour hoarding’, and temporary Government-sponsored
‘job creation’ and training schemes.

It is clear that this is, in quantitative terms, a very ‘fuzzy’ area;
the extent to which such factors as those given above distort the
data depends largely on arbitrary definitions and is often, in the
nature of things, extremely difficult to estimate.* Most would agree,
however, that the data of Tables 1.1(a) and 1.1(b) are sufficiently
valid to be indicative of a highly disturbing trend.

Some further comments on these tables are appropriate. First, the
authorities in different countries use somewhat different methods in
compiling unemployment statistics; for example, pcople unemployed
but temporarily sick are included in the USA and Italy, but excluded
in the UK and Belgium.t The International Labour Office and the
US Bureau of Labour Statistics have both attempted to compile
internationally comparable series. It turns out that, for recent years
at least, the changes needed are marginal in most cases, exceptions
being Germany and, in particular, Italy. For 1979, for example,
unemployment rates in these countries adjusted to US definitions
are reduced from 3.4 per cent and 7.5 per cent to 3.0 per cent and
3.9 per cent respectively.i The dramatic decline in the Italian case
is apparently due to the exclusion of individuals who have not
actively sought work for thirty days or more. However, it is doubt-
ful whether the revised figure portrays the Italian labour market

*For further discussion in the context of the UK see Garside (1980).

tThe UK Employment Gazette, August 1980, gives details of international differences.

1The figures and explanations for the changes are taken from Sorrentino (1981), who
presents the US Bureau of Labour Statistics adjusted rates for nine countries for 1959-1979,
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position more accurately than the original; under-utilization of
labour in that country is reflected in very large scale involuntary
part-time working (combined, so it is widely reported, with a sub-
stantial ‘black’ economy).

A second important point is that there are special reasons to
account for some of the differences in measured unemployment
rates between countries. Part of the reason for the low rate in West
Germany (and also in Switzerland), for example, has been their
ability to ‘export’ unemployment by turning the high inflow of
‘guest’ workers from abroad in times of labour shortage prior to
1973 into a net outflow from 1974 onwards. The number of immi-
grant workers in Germany declined from 2.4 million in 1973 to
1.4 million in 1977 (Maddison 1979); and, surprisingly, of the
countries listed in Tables 1.1(a) and 1.1(b), Germany is the only
one to have registered a decline in total employment between 1973
and 1979. In the case of Japan, the ‘paternalistic’ tradition of ‘life-
time’ employment may contribute to their success in keeping un-
employment rates low, although this is probably far less important
than this country’s industrial and technological success in world
competition. The USA is also notable as a country where until
recently unemployment rates do not appear to have risen as rapidly
as in Europe, and one in which new employment grew rather rapidly.
We shall return in Chapter 9 and Chapter 10 to discuss some of
these differences in relation to international technological competi-
tion and technology policies.

In conclusion, while there seems to have been some increase in
the numbers of ‘marginal’ cases included in the unemployment
figures, there has probably also been an increase in the numbers of
those ‘wrongly’ excluded from the count of unemployed (ie.,
people who would register if levels of recruitment improved). It is
obviously difficult to estimate the net effect of these factors but
both casual observation, and the movement of other indicators,
suggest that the rise indicated by the unemployment statistics is
certainly not a hopeless distortion of the extent to which people
are involuntarily unemployed. In so far as biases are present, the
evidence seems to indicate that the net effect of errors in the data
is such that the official figures significantly wunderestimate the
extent of unemployment in most economies.

Finally, mention should be made of important changes over
time and differences between countries in the growth rate of the
labour force and in the relative participation of women. As Sorren-
tino (1981) argues, the higher rates of unemployment in North
America prior to 1973 compared with Western Europe may be
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attributable not only to differences in rates of economic growth,
but also to a more rapid growth in the North American labour
force. A comparison of the growth of the labour force in the US
with that of Germany, Italy and the UK (Table 1.2) illustrates
this relatively rapid growth. That much of the increase in the US
labour force is accounted for by increased participation of women
is shown by Table 1.2, which illustrates the dramatic increase in
the female proportion of the workforce. With the exception of
Japan, this proportion has increased in all the countries shown,
but only since the mid to late 1960s in most cases.

The present higher rates of unemployment in Europe also may
reflect in part the ‘bulge’ in the number of young people entering the
labour market. Clcarly the leyel of unemployment in any country
reflects a complex and changing balance between demand for labour
arising from developments in the economy and in technology and
the supply of labour affected by demographic changes, migration
flows, changes in social policy, education and attitudes. In this
book there is a considerable amount of discussion on the ways
in which technical change may affect demand for labour in different
ways, at different times, and in different places, but there is no
attempt to discuss the demographic, social, and other factors affect-
ing the supply of labour.

The total labour force (i.e., the number of people registered as
working or available for work) increased over the period 1973-1979
by more than over the period 1966-1972 in both the total OECD
arca and within thc EEC. Total employment also increased over
this period despite the rise in unemployment. It is arguable, there-
fore, that the recent rapid rise in unemployment resulted at least
partly from the rapid growth of labour supply. However, we have
chosen to focus our discussion on the forces which prevented total
labour demand from keeping pace with the increased supply of
labour. There is ample historical precedent for believing that there
1s no intrinsic reason why a rapid growth of the labour force should
be accompanied by rising unemployment; Germany in the 1950s,
Japan in the 1960s and the USA in the late nincteenth and early
twentieth centuries offer examples of economies which were able
to absorb rapid growth in the labour force and achieve sustained
low levels of unemployment. In addition, a major focus of our
interest is in the factors determining employment in manufacturing
industry which, as Table 1.2 shows, has declined in most countries
since the 1960s.

Table 1.2 Labour force,* manufacturing employment (in millions) and female participation, various years

1958 1962 1966 1970 1974 1978 1980

1954

23.2
38.3%

C?OO
o~
[a o)

20.6
n.a

Labour force
% female

France

Manufacturing

5.4

5.6

5.7

5.3 5.3 5.6

5.0
n.a.

employment
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Labour force
% female

Germany

n.a.

Manufacturing

9.4

9.8

9.5

9.3

n.a. 8.4

employment

Labour force 20.6
30.4

% female

Italy

Manufacturing

6.1

5.1 5.6 5.4 5.9

4.2

employment

Labour force
% female

Japan

Manufacturing

11.8 13.8 14.3 12.8 12.8

10.7

9.0

7.4

employment

H
O
N e

Labour force
% female

UK

Manufacturing

[o)]
o

7.3
102.5
41.0

8.5 8.0

8.7

8.6
73.5
32.7

employment

106.8
41.9

78
34,

Labour force
% female

USA

21.2 22.2 25.0 25.4 26.7 27.5 27.3

21.6

Manufacturing
employment

Sources: OECD Labour Force Statistics, Paris, various years; Brown and Sheriff (1979).

*‘Labour Force’ = total employed plus total registered unemployed.

+1979.

!
‘l
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1.2 A return to ‘full employment’?

It is clear from the inclusion of certain categories of persons in the
unemployment statistics that the measured rate of unemployment
cannot fall to zero. This raises the question of whether it is possible
to determine a level which can for practical purposes be regarded
as ‘full employment’, and which can therefore form a realistic
policy goal.

The best known numerical definition of full employment is that
due to Lord Beveridge (1944) who adopted the figure of 3 per cent
unemployment or below, at the seasonal peak, as signifying a state
of full employment. This figure is, of course, to a great extent
arbitrary; as Tables 1.1(a) and 1.1(b) indicate, the average levels
for the period 1959-1967 were significantly below this on average
for many countries, and other data show that it is not unprece-
dented for a figure below 2 per cent to be sustained for many years.
More recently, however, a 3 per cent goal would be considered as
unrealistically low by many observers; the level of unemployment
corresponding- to ‘full employment’ in 1982 would widely be re-
garded as higher than it was in 1962. Some discussion of the notion
of ‘full employment’ and its relation to changing circumstances is
therefore in order.

In the 1950s, Rees (1957) gave a comprehensive discussion of
possible measures of full employment; five broad possibilities are
put forward, some of them being subdivided into further alternatives.
Three of these five categories — the minimum unemployment ap-
proach, the maximum employment approach, and the turnover
approach — arc based on historical experience. The ‘minimum
unemployment approach’, for example, defines full employment
as being present when unemployment is equal to the lowest value
previously achieved. Such a definition, while possibly useful as a
starting point, suffers from the defect that, because of changing
circumstances, the ‘irreducible minimum’ of an earlier period may
differ substantially from that of the present. There is also the im:
plication that the earlier minimum is not only achievable but sus-
tainable (i.e., that it did not, even in its time, represent a situation
of ‘overfull’ employment). A fourth method discussed by Rees
is the ‘unfilled vacancies approach’ which he compares with Beve-
ridge’s definition that full employment ‘means having always more
vacant jobs than unemployed men’. This measure is free from the
problems associated with historical analogy but suffers from the
difficulty of quantification. Reliable estimates of unfilled vacancies
are difficult to obtain and, even if they are available, it is hard to
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see how a figure for the ‘full employment’ rate of unemployment
can be derived from them. Data on vacancies do, however, provide
some clues as to the nature of measured unemployment, and to
differences between countries, a point to which we will return
later in this chapter.

The {ifth measure discussed by Rees, the ‘price approach’; is
closely related to the approach used in modern monetarist theory.
The notion here is that, if unemployment declines below a certain
level, the result is necessarily an increase in prices. At least in
principle, ‘full employment’ can then be defined as consistent with
that level of unemployment corresponding to stable prices, a level
which is likely to be higher than the recorded historical minimum.
With such a definition, the inflationary pressures of the 1970s,
combined with high unemployment levels, suggest that the ‘full
employment level of unemployment’ appropriate to the 1970s
and early 1980s is dramatically higher than that of the previous
two decades and hence that the extent to which high unemploy-
ment could, or should, be subject to macroeconomic policy is
circumscribed.

Monetarist theory takes this argument further. Full employment
is defined in terms of the ‘natural’ rate of unemployment, which
is often taken as the rate at which inflation is correctly anticipated
(but is not necessarily zero). Essentially, the natural rate corresponds
to an equilibrium state in the labour market where, at the existing
real wage, the number of people offering themselves for work equals
the number of jobs offered by employers, and if this state of affairs
actually exists then the rate of inflation remains unchanged. The
price of pushing unemployment below the natural rate is an increase
in the rate of inflation; this will continue to accelerate unless, and
until, unemployment returns to the natural rate.

The theoretical basis of the different definitions of full employ-
ment diverge most strongly in respect of their assumptions regarding
the effects of aggregate demand and wage inflation. In general,
definitions of the ‘historical minimum’ type are implicitly or ex-
plicitly based on the idea that the state of demand is the variable
most critical in determining how closely ‘full employment’ is
approached. ‘Demand-deficient’ unemployment is of course regarded
by neo-Keynesians as directly amenable to correction by macro-
economic policy; such thinking formed the conventional wisdom
up to the early 1970s, and while the events of more recent years
have given rise to considerable divergence of viewpoints, it is prob-
ably true to say that demand deficiency is still regarded as a major,
if not the major, cause of unemployment by most commentators
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and national governments. Many Keynesians regard wage inflation
as by and large a ‘cost-push’ phenomenon, wage and/or price controls
frequently being advocated as anti-inflationary measures. Unemploy-
ment resulting from demand deficiency is sometimes called ‘cyclical’
owing to observed fluctuations of demand over the short-term
business cycle, although the possibility of persistent demand de-
ficiency over a period of a decade or more cannot be ruled out,
particularly if Government policy is deflationary.

The monetarist view ascribes little or no importance to demand
deficiency, at least in a period of constant or rising inflation. Aside
from frictional and structural effects, full employment can be
achieved by the interplay of supply and demand in the labour
market. Rising unemployment may be due to a rise in the (full
employment) ‘natural rate’ which according to some could arise
partly from an increase in ‘voluntary’ unemployment. We share
Kristensen’s (1981) doubts about the use of the expression ‘natural’
in this context (see Chapter 10) but a fuller discussion of the natural
rate hypothesis is inappropriate here; it is in any case discussed in
detail in many recent texts (e.g., Chrystal 1979, Trevithick 1980).

All definitions of full employment recognise the existence of
unemployment which is sometimes called ‘frictional’ — for example,
people moving between jobs — and which, by definition, cannot be
entirely climinated, although it may be reduced by improving
vacancy information services. There is also agreement on the exist-

ence of some degree of so-called ‘structural’ unemployment: the

distinction between frictional and structural unemployment is not
sharp, although by implication the latter reflects some kind of
imbalance between the structure of the workforce (in terms of,
for example, age and skill profiles and geographical location) and
the particular mix of worker attributes required by the sectoral
and technological characteristics of the production system. Such
mismatches can arise in the general process of economic change
and may be mitigated by such measures as relocation, retraining
or increasing or changing the nature of the productive potential
of the economy through fixed investment. On the other hand,
economic change may be such that structural problems become
progressively more serious, perhaps because of self-reinforcing
trends in the economy. This possibility will receive considerable
attention in the course of this book.

In purely ‘static’ terms, it may be asserted that involuntary un-
cmployment must arise either because total demand in the economy
1s not sufficient to ensure that the quantity of goods and services
that can be provided at full employment are purchased; or, on the
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supply side, because of a constraint in some factor of production.
A ‘snapshot’ of an economy may reveal a high degree of under-
utilization of capital in some sectors, implying demand deficiency,
combined with ashortage of particular skills or of productive capacity
in other industries where domestic or overseas demand may be
readily forthcoming. These problems — reflecting, respectively,
inadequacies in the demand and supply of goods — are therefore
by no means mutually exclusive, and neither are they independent:
demand may be created by supply (for example of a new product),
and vice versa. It is, indeed, a major focus of our later arguments
that it is the changing dynamics of the interactions between de-
mand and supply which is central to explaining changing economic
fortunes. Bearing these points in mind, however, it is useful to
summarise the conditions that can accompany unemployment and
outline some relationships of technical change to them, as these
are relevant to some of our later discussions.

The possible reasons for the demand for labour being insufficient
for ‘full employment’ include:

=Y () Persistent insufficient aggregate demand for goods and services.

This will occur if the main categories of demand-consumer expendi-
ture, investment, exports and Government expenditure are, in
sum, too low to correspond to full employment, in other words if:
(a) consumers try to save a high proportion of their income;

b) private investment is low;

) export demand is slack;

d) government is unwilling to intervene to the required extent
for political reasons or through fear of inflationary effects or
external balance problems.

Causes (a), (b) and (c) may be exacerbated by a relative dearth of
new technologies, and are related in that a perception of declining
consumer demand propensities by entrepreneurs will adversely
affect their incentive to invest. The relationship of technical change
to (d) depends on one’s view of the causes of, and cures for, inflation
(Cooper and Clark, 1982); rapid productivity growth may tend
to ease the inflationary constraint and there is evidence that pro-
duct and process innovation is an important factor in international
competitiveness and bears heavily on the balance of trade issue
(Pavitt and Soete, 1980).

\(il) Mismatches in the labour force. These may take the form of a
“widespread lack of appropriate skills, due to rapid technical change
or to changing tastes, leading to changes in industrial structure;
and/or the form of geographical separation of job opportunities
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and workers. Depending on the technologies available, a skill short-
age may be ‘absolute’ in the sense of being independent of relative
prices or wages; or be dependent on institutional inflexibilities in
wage and price movements which prevent factor substitution (e.g.,
substitution of capital for skilled labour) which in principle could
ensure full employment.
(i) Shortages or mismatches in productive capacity. Precisely
“analogous arguments to those regarding skillsTapply to the stock of
fixed capital. An absolute shortage may be said to exist if there
has been a history of insufficient investment activity, and unemploy-
ment remains even if all fixed capital that can be operated profit-
ably at arbitrarily low wage levels is fully utilized. More realistically,
inflexibilities in wages and in the related response of relative prices
to changing demand patterns and technical change could render
a proportion of the stock of available fixed capital economically
non-viable, the remainder (i.e., that which in practice can be oper-
ated profitably) being inadequate to provide full employment.
This situation may be looked upon as essentially equivalent to the
familiar argument that unemployment is caused by wages being too
high (i.e., by workers ‘pricing themselves out of jobs’). Whether the
‘cause’ is regarded as inadequate entrepreneurial activity or unrealistic
wage claims is, in large measure, a matter of political predisposition.

Any attempt to allocate measured unemployment between these
categories is extremely hazardous. The most practical assumption is
to regard unemployment existing at peaks in the business cycle
as being related to factors other than demand deficiency (i.e., to
‘structural’ factors (ii) and (iii) above) combined with frictional
and voluntary components. However, it is not implausible that
the rise in unemployment over the past decade has been accompanied
by a persistent deficiency of demand, and hence that recent ‘cyclical
peaks’ are not strictly comparable to those of earlier periods. Some
indication of the state of the labour market may be obtained from
an examination of job vacancy statistics. Table 1.3 presents esti-
mates of the ratio of job vacancies to unemployment in six countries.
In France and Belgium, as well as in the UK, the number of vacancies
has fallen below 10 per cent of the number of unemployed. In West
Germany, the ratio has fallen dramatically since 1973, despite a
partial recovery after 1976. In Japan the improvement following the
mid-1970s recession is stronger, while for the USA the more recent
values do not appear to be significantly different from those of
the early 1970s. The tentative conclusion is that those countries
where increases in unemployment have been most pronounced are

1980
0.02
0.06
0.34

1979
0.02
0.07
0.35
0.59

1978
0.02
0.08
0.25
0.47

0.01
0.10
0.23
0.50

1977
n.a.

0.02
0.13
0.22
0.47

1976
n.a.

1975
0.02
0.13
0.22
0.39

1974
0.13
0.43
0.54
0.82

n.a.

1973
0.15

0.64
2.0

1972
0.10
0.44
2.2
0.90

1963
0.30
n.a.
3.1

Table 1.3 Vacancies/unemployment ratios

West Germany

Belgium
France

0.61
0.09
0.52

1.31
0.68 0.17 0.15 0.19
0.84 0.63 0.30 0.39 0.52 0.74 0.79

0.23
0.62

0.62
0.38

n.a.

Japan
UK
USA
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Source: OECD, ‘Main Economic Indicators’, various years.
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characterized by a lack of vacancies rather than a substantial pool
of ‘inappropriate’ vacancies. ‘

Data presented by Scott (1978) for the UK show that, for male
employees, a given level of vacancies has, since 1966, corresponded
to a higher and increasing level of unemployment, suggesting an
increasing trend in that proportion of unemployment not related
to structural problems in the labour force. For female employees
there is a suggestion of a similar trend prior to 1975, although it
is much less marked; after 1975, however, there is an extremely
rapid increase in unemployment with no clear trend in vacancies.
Social and institutional factors, together with changing attitudes,
may help to explain these important differences.

While again pointing out the interdependence of the various
factors, we are inclined to stress the importance of aggregate de-
mand deficiency in the present context, combined with problems
associated with the magnitude and structure of productive potential
in several countries. In Chapter 2 the nature of inflexibilities affect-
ing the growth and structure of the capital stock are discussed and
in Chapter 8 some empirical evidence will be presented to suggest
that supply-side difficulties resulting from inflexibilities in the stock
of fixed capital may be experienced in the event of an upswing in
demand.

1.3 Technical change and unemployment

Part of the difference in emphasis between economists on such
issues as structural unemployment, or whether ‘technological’ un-
employment ever really exists, lies in their degree of faith in the
efficacy and importance of the self-adjusting market mechanisms.
In truly perfect markets even frictional and short-term cyclical
unemployment would disappear, and neither technical nor demo-
graphic change would present any problems. It is universally
recognized that, in practice, markets are far from perfect and that
adjustment processes, which might ultimately match demand and
supply, do so only with time lags which are sometimes prolonged.
However, those with greater confidence and faith in the efficacy
of market mechanisms tend to regard both technical change and
demographic change as either rather minor, temporary disturbances
or as continuous processes which need not and do not deflect the
economy from an otherwise smooth equilibrium growth path.
Technical change, for example, is sometimes believed to generate
compensating effects which will almost automatically compensate
for any labour displacement by new demands for employment
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elsewhere in the economy. In some other formulations, technical
change is itself part of the adjustment process.

Other economists, however, have had far less faith in these equili-
brating tendencies. Those economists who have been occupied with
the problem of long-term unemployment, such as Marx and Keynes,
have stressed particularly fluctuations in investment behaviour and

“lags in the capital accumulation processes. Pasinetti (1981) and Corn-

wall (1977) are recent examples of economists who have pointed to
the problems of prolonged unemployment associated with changing

patterns of investment and growth, inflexibilities in prices and in

substitution processes. On any showing investment represents a critical
and volatile component of aggregate demand, and is therefore central
to outstanding ‘demand deficiency’ problems; while in the longer
term, it leads to an increase in productive capacity which, following
many years of depressed net investment activity, seems likely to have
become a constraint on a return to full employment. We shall later
also discuss the possibility that a change in the nature (as well as the
volume) of investment activity is of importance to employment.

The effects of technical change on the level of employment
depend not only on the kind of technical change involved but also
on the overall economic situation. If large gains in labour pro-
ductivity become feasible through technological advance, the im-
plications for employment depend on the extent to which such
gains are actually achieved and how they compare with the growth
in output during the period in which the technological diffusion
process is occurring. This output growth may result partly from
the availability of the technology itself but may also be totally
independent of it. Given the complexity of the issues involved
it is not surprising that a range of opinions are possible concerning
the employment impacts of new technologies, as recent debates
related to microelectronics have shown. The conflicting viewpoints
result chiefly from differing assumptions (implicit or explicit)
regarding the following factors:

(a) the likely rate of diffusion of the technology, both domestically

and relative to other (competitor) countries;

(b) the relative influence on direct demand creation and labour
displacement;

(¢) in the case of a perceived direct reduction in labour demand, the
possibility of compensation through price feedback or through
Government intervention;

' (d) the extent to which new vintages of capital equipment may require

less labour and how flexible such technical coefficients may be.
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As mentioned above, the concept of ‘compensation’ implies that
mechanisms exist whereby the tendency for workers to be displaced
by labour-displacing technical change is associated with adjustment
processes which lead to such workers being reabsorbed, either in
the same industry or elsewhere — for example, in the capital goods

industries making the new machinery. Alternative theories of com-

pensation have been extensively discussed by Gourvitch (1940),
Neisser (1942), and, more recently, by Heertje (1977) and Blattner
(1979). The more recent analyses of the process involved centre
around the idea of neoclassical price adjustment: for an arbitrary
number of products and factors of production (fixed capital, labour
etc.), and given any set of fixed technical coefficients (i.e., for
any set of technologies) it is in general possible to find a set of
product and factor prices which ensures the full use of resources
(i-e., full employment). It is, however, quite likely that meaning-
less results will be obtained (e.g., wages or some product prices
may be negative). Neisser (1942) gives an example of this. Such
results occur if there is an absolute shortage of one factor (e.g.,
skilled labour or certain types of fixed capital), such that no pattern
of final demand for products ensures full employment of a relatively
abundant factor (e.g., unskilled labour). This situation may be
described as true ‘technological unemployment’ — with the tech-
nological system and available resources given, no movement of
prices or wages will ensure full employment. Such a situation may
be mitigated by relaxing the condition of fixed technical coefficients
to allow substitutability between factors of production, to an extent
determined by the degree of such substitutability.

In the real world, however, factor rewards can be expected to have
(positive) lower limits, or be ‘sticky downwards’. Thus it may be
possible for firms in a monopolistic or oligopolistic situation to fix
a certain rate of return on capital, or union pressure may ensure
that wages are inflexible downwards and/or that relative wages
remain immutable. Thus even with alternative methods of produc-
tion allowing for substitutability between factors, institutional
factors such as those mentioned would inhibit such substitution
under -technical change. In this case we may speak of the possibility
of ‘technologically induced’ unemployment which results from tech-
nical change but is dependent on institutional constraints to adapta-
tion (see Cooper and Clark (1982) for a fuller discussion).

The difficulty of identifying and quantifying feedbacks and
problems in estimating time lags are major reasons for differences
of view over the employment effects of new technologies. However,
the notion that technical change is something to which ‘adjustment’
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1s required, the net employment effects of the change being deter-
mined by the extent to which such adjustment takes place, is, in
any case, a big over-simplification and a rather limited approach

-in most respects. The general position taken in this book is that —

be;cggs(cw‘J;huewim'p’:ict of technology on the economic system is so

'pervasive, and yet so uneven in time and space — the employment
ceffects of technical change may be more fruitfully analysed in
terms of the dynamic mechanisms that may be set in motion by
;technical change rather than with reference to notional ‘equilibrium’

or ‘static’ situations. {n the following chapter we introduce the idea
of “long waves™in economic development and argue for the import-
ance of technical change both as a stimulus to an upswing in invest-
ment activity — an ‘engine of growth’, and as a response to the
changing pattern of demand and prices — a ‘thermostat’ (Dosi, 1982).



2 SCHUMPETER’S THEORY OF BUSINESS
CYCLES AND INNOVATION

As we have shown in Chapter 1, unemployment in the early 1980s
in most of the industrialized countries has been higher than at any
time since the 1930s. These changes were not merely the result of
short-term fluctuations but reflected a secular trend associated with
generally slower rates of growth, slackening investment and more
determined efforts to contain the growth of government expendi-
ture. It ‘is now increasingly recognised that the period of very rapid
economic growth which succeeded World War II has given way to
a rather different phase of recession and ‘stagflation’ — slower
growth associated with much higher levels of unemployment. In
;these circumstances it is hardly surprising that interest has revived
in theories of Kondratiev ‘long cycles’ or ‘long waves’ in economic
development, which seek to explain such long-term changes in the
economic climate. In this chapter we are concerned in particular
with the explanation of long cycles advanced by Joseph Schumpeter,
who, more than any other twentieth-century economist, attempted
to explain competition and economic growth largely in terms of
technical innovation. An interesting personal comment on the con-
temporary relevance of these ideas came from an outstanding Keynes-
ian economist of the post-war period — Paul Samuelson (1981):

No one can predict the future with confidence. Still, it is my considered guess
that the‘ final quarter of the twentieth century will fall far short of the third
quarter in its achieved rate of economic progress.

) The dark horoscope of my old teacher Joseph Schumpeter may have par-
ticular relevance here. When I was a precocious student, I didn’t think much
of Joseph Schumpeter’s futurology. But, like Mark Twain, who sdid that when
he was fourteen he thought his father was awful dumb, but by the time of
reaching twenty-one he was surprised at how much the old boy had smartened

up, when I reread Schumpeter’s 1942 Capitalism, Socialism and Democracy
I find new meanings in it. :

’I.‘here do appear to have been in the past century or so several
pferlods of rather deep crises and slower growth, associated with
higher levels of unemployment, which at least in some countries
were.regarded at the time and by historians since as ‘Great De-
presmf)ns’. These alternated with the periods of boom and prosperity
experienced in the 1850s and 1860s, in the Belle Epoque before
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World War I and in the 1950s and 1960s. The depressed periods
were roughly the 1880s and the 1930s, although varying a little from
country to country (see Chapter 9). In the USA, for example, the
Civil War in the 1860s was followed by a period of rather rapid
growth in the 1870s and 1880s when European countries were
generally experiencing slower growth rates and more depressed
conditions. Japan was less affected by the depressions of the 1930s
and (so far) the 1980s.

2.1 Schumpeter’s theory of long cycles

In his major work on Business Cycles, Schumpeter (1939) both
accepted the reality of the phenomenon of ‘Kondratiev’* long
cycles, lasting half a century or so, and offered a novel explanation
of them, differing from that of Kondratiev (1925) himself. Accord-
ing to Schumpeter (1939, Chapter 2), each business cycle was
unique because of the variety of technical innovations as well as
the variety of exogenous events such as wars, gold discoveries or
harvest failures. But despite his insistence on the specific features
of each fluctuation and perturbation, he believed that the task of

economic theory was to go beyond a mere catalogue of accidental

events, and analysc those features of the system’s behaviour which
could generate fluctuations irrespective of their specific and variable
form. The most important of such features in his view was innova-
tion, ‘which despite its great specific varlety, he saw as the main
‘engine of capitalist growth and the source of entrepreneurial profit.
“The_ability and_initiative of entreprenecurs (who might or might
not themselves be inventors but more usually would not be) created

new opportunities for pro fits, which in 'turn)gj_cjvr,g;:ted.,\a\‘53\@;@{’; of

imitators-and imprevers to-exploit.the new opening with a wave-

of new. investment, generating boom _conditions. The competitive
lprocesses set in motion by this ‘swarming’ then gradually eroded
the margins of innovative profits (as in Marx’s model), but before
he system could settle into an equilibrium condition the whole
rocess would start again through the destabilizing effects of a

*As has often been pointed out, Kondratiev was by no means the originator of the
long cycle theory and it is in some respects a misnomer that the phenomenon bears his
name. The Dutch Marxist van Gelderen (1913) could be much more fairly credited with the

- idea, which he articulated clearly in 1913. At about the same time a variety of economists,

including Pareto (1913), had drawn attention to the apparent tendency for long-term
price movements, interest rates and trade fluctuations to follow a cyclical movement lasting
about half a century. However, during the 1920s whilst heading the Institute of Economic
Research in Moscow, Kondratiev did more to propagate and elaborate the idea than any
other economist.

mnew wave of innovations. This process was sufficient in itself to
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engender various types of cyclical behaviour, althoggh Sch.umpejcer
certainly acknowledged that there was a process o_f interaction with
many other features of the economic system whlch have been the
subject of more conventional business cycle analysis. .

Whether or not such a mechanism offers a plausible explanation
of ‘long’ (Kondratiev) cycles in economi.c d?velopment depfands
crucially — as Kuznets (1940) pointed out in his review of Business
Cycles at the time — on whether some innovations are so large _and
so discontinuous in their impact as to cause prolonged perturbations
or whether they are bunched together in some way. The construc-
tion of a national railway network might be the type of innovative
investment which would qualify as a ‘wave gelnerat_or’ in its own
right, but obviously there are thousands of minor inventions apd
technical changes which are occurring every year in many industries
whose effect is far more gradual and which might well ada.lpt to some
sort of smooth equilibrium growth path. If these smaller innovations
were to be associated with economic fluctuations then tbls coulld
only be if they were linked to the growth cycles of new industries
and technologies:

A neo-Schumpeterian interpretation of the post-war boom would
see it primarily as the simultaneous explpsw¢ growth of seve‘ral
major new technologies and industries, par’?lcularly electrox.ncs,
synthetic materials, drugs, oil and petro-chemicals, and (especially
in Europe and Japan) consumer durables and vehlcles._It can be
shown that these fast-growing industries and the associated com-
ponent and machinery suppliers accounted fgr a large part of th.e
growth of industry in many OECD countries (Chapter 7').‘It is
interesting to note that neither Keynes nor most Keynesians ex-
pected that the quarter century after the war would'be the fastest
period of economic growth the world had ever experienced. Indeed
the expectations of economists immediately after World War I
were mostly pessimistic. This was partly because they ‘Fended simply
to extrapolate the problems of the 1920s and 1930s into the post-
war world and made no allowance for new technologies ar.ld the
impetus they would give to profit expectations_ar}d to new invest-
ment.- When, however, the big boom did materialize the tendf:r}cy
was to attribute its success to the adoption of Keynesian policies.
An important exception was Robin Matthews (1968), wh(_) a‘lready
in 1968 in an article in the Economic Journal on why Britain had
full employment since the war, pointed out that it was the byouancy

of private investment rather than government policies which sus-

tained the boom. Other economists (Dow 1964) pointed out that
Keynesian policies were often inept since they were applied after
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the relevant turning point in the business cycle had already occurred
‘spontaneously’.

Schumpeter had suggested that after a strong ‘band-wagon’ effect
and the entry of many new firms into the rapidly expanding sectors
attracted by the exceptionally high profits of innovation, there |
would follow a period of ‘competing away’ of profits as the new |
industries matured. This could lead to stagnation and depression |
if a new wave of innovations did not compensate. Such an explana-
tion appears to fit the facts of the post-war boom. It had been
remarked already in the 1960s that the general rate of profit was
beginning to fall in several OECD countries and this tendency was
aggravated by more severe international competition (Chapter 9).
This became still more marked in the 1970s especially in some
of the erstwhile rapid growth sectors such as synthetic materials
and consumer durables. In spite of its continued high rate of
growth, the electronics sector was also affected by this general
trend (Chapter 6).

“““ Schumpeter had relatively little to say about unemployment and

- wages, but economists of many different schools, including both

neo-classical and Marxist, would agree that a sustained period of
boom and full employment such as that experienced before World
War I or after World War II would tend to strengthen the bargaining
position of labour and thereby also to erode the rate of profit
and stimulate cost:push inflation, with or without the pressure of

~militant trade unions. These changes would tend to induce rather
(different types of technical change, and associated investment.

\In the early period of a long boom the emphasis is on rapid ex-
pansion of new capacity in order to get a good market share and
this investment has a strong positive effect on the generation of
new employment. As the new industries and technologies mature,
feconomies of scale are exploited and the pressures shift to cost-

'saving innovations in process technologies. Capital-intensity in-
_ creases and employment growth slows down or even stops altogether.

Again, this hypothesis appears to fit the post-war pattern quite
well. Already before the OPEC crisis these trends were apparent
in the leading industrial countries, both in the newer industries
such as synthetics and electronics, and in older ones.

We shall attempt to illustrate these points for synthetic materials
and electronics in Chapters 5 and 6, and for the €economy more gen-
erally in Chapters 7 and 8. But first we shall attempt to answer two
questions: why was Schumpeter’s theory rejected or neglected by most
economists until recently? And how does his theory relate to more
traditional explanations of business cyclesincluding Keynesian theory?
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 The debate on Kondratiev and Schumpeter

e reason for the neglect of Schumpeter was the general reluct;fmce

the economics profession to tackle the thorny problems o tl}l’ll-
ation and innovation, which has already been al’luded to mB e
roduction. Another reason was that Schumpeter’s booic. on usz%
ss Cycles appeared in 1939 (ie., .three years afterfpub 11catloilirrc1)e
ynes’ (1936) General Theory, which by then 'c.md or a ofng time
terwards occupied the centre of the.stage in the Ero ess1 ”
bates on cycle theory and policy-maklpg). As even his wa}r)m >
Imirers would agree, Business Cycles is a b.adly wrlgtelzn 1324).
is inordinately long and the use of statistics 1s poor. Fels (11‘ o
formed a valuable service in producing a.much more inte 1g1h.e
ridged edition, but this was quite a whﬂe later and ﬁvgnht 1s_
lition is not an easy read. Perhaps most 1m.portant. of a 1(: um
-ter did not satisfactorily explain why major innovations or ¢ u(siter;
{ innovations should occur only every half century or so. In (;sz
e whole notion of long waves or cycles was rather discredited 1n
1e 1950s and 1960s, both in the West and 1n tl}e East.. o
Kondratiev himself was one of Stalin’s victims 1n Siberia u';
efore this he had come in for thorough criticism on the partdcl)
is orthodox Marxist opponents on the grounds of _hls sufppose. y
aulty statistical techniques, problems 1n the f:‘latmg of tu‘rmhn_g
oints of the various cycles, inaccuracies and f:hscrepanaes mth;i
lata, paying too much attention to prices and 1r}t€1;est rlatestian o
han production and lack of a sa‘gsfactory theoretica 1;);% ansz: r(I)le ok
ong cycles consistent with Marxist theory (see Barr ). So

hese criticisms were unjustified and prejudiced. The notion that

bitalism might enjoy a renewed upsurge of growth after the de-
;E;Z?(l)lrimwas gparticfll:rly unwelcome in the 1930s. ﬂowzver on‘cé'e_
the ideas became known in the West, they were subjecte :io crlld
cism almost as severe as in the East, 'notably by Garvy (15:i 3) a(ril
Weinstock (1964). Although the notion of long waves had its de-
fenders, both among monetarists such as Dupriez (1947) and among
Marxists such as Mandel (1972 and 1980), for the most part eco-
i ither rejected or ignored them. o ’
nogtllsrtisngtt}klle 191705, howe\g/er, much has changed, justifying Mandel i
(1981) ironic comment that it takes lthe prolonged down—Fur‘r(li o
a long wave to compel many economists to reconsider thel}z ideas
and to open their minds to new conceptions. There h?s een a
notable quickening of interest in long waves in the last ;w 317e.ars.
This has been most strongly marked in the Netherl.an_ds and Belgium
where the ideas always had a wider currency, but it is also apparent
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in Germany and France and the USA and there have even been some
signs of a revival of interest in Eastern Europe. The research pro-
gramme at. Amsterdam University led by van Roon* is one indication
of this revival and another was the conference on long waves at
Bochum University in 1980 (Petzina and van Roon 1981).

At this conference there was a lot of discussion on the statistical
aspects of long wave theory. This is not surprising because among
the other main reasons for the rejection of the long cycle or long
waves idea, whether in its Schumpeterian or any other form, were
and are the statistical problems associated with any attempt to
reconstruct the economic time series of the past 200 years, or even
the last 100 years. Even if this can be done, there are big problems
over the interpretation of such series in relation to the incidence
of major events such as the two world wars or the US Civil War.
There are other problems of a purely statistical nature as well as
the major difficulty of building any generalizations on only four
cycles extending over a period which witnessed enormous social
and political changes, and in which only a few countries were in-
volved in the early cycles. Finally many people are uncomfortable
with the implicit or explicit mechanistic determinism of some long
wave theories and in some cases for their assumption of a fixed peri-
odicity. For these reasons, the work of the three Kiel economists,
Glismann, Rodemer and Wolter (1980) is particularly interesting.
As in our case, the focus in their analysis is on long-term production
and ¢nvestment fluctuations, rather than monetary and price fluctua-
tions. Their analysis contains fairly good statistical evidence for
the past century on long-term cycles for various countries.

In Figures 2.1(a) and 2.1(b) we have replotted some of the statisti-
cal evidence collected by Glismann, Rodemer and Wolter, not by
individual country, but rather for the total of the various countries
included in their analysis: Britain, France, Germany, Italy, Sweden and
the USA for production, and Britain, Germany, Italy, Sweden and the
USA for investment,} these being assumed to approximate total world

*Further information available from Prof. G. van Roon, Coordinating Director of the
Research Group on Long-term Fluctuations at the Free University of Amsterdam.

+Only for Britain do Glismann, Rodemer and Wolter provide data from 1830 onwards.
To avoid the abrupt addition of the various other countries’ production and investment
figures (which began in 1850 for Germany, in 1861 for Italy, in 1861 for Sweden, in 1889
for the USA and in 1900 for France) to only the British figures, we estimated production
and investment for each country from 1830 onwards, by extrapolating backwards the ex-
ponential trend through the production and investment data of each country from the first
available year to 1918. For the years 1914 to 1924 and 1920, the missing German and
French production and investment figures were assumed to be identical to the 1924 and
1920 figures. For 1942 to 1948 the missing German figures were assumed to be identical to the
1948 figures. All production and investment figures are in real 1970 prices and exchange rates.



25

PRCDUCTION

T

T

T,
URutl

{agel,

']

18

) 3 «
: 3 F] ] 3 g ] s
om e. © @ © © © @
? i 1 T I T
SMOILYIA3IQ
T T T o e S SLF SRR PO N ¥ SO S . b

.19

SNOTLYIA3Q

PRODUCTION

INVESTMENT

24

-4
3

31YY Hl80u9

3LYYd HLACY9

-----e--—- 3 year
9 year

tment: deviations from trend (three-

mnves

and nine-year moving averages)

-8.15

-8.25
. 2.1(b} Long waves in total production and

Fig.

tment: growth rates (three- and nine-

)

year moving averages

-1e
-5

-2s’l
Fig. 2.1(a) Long waves in total production and inves



26 SCHUMPETER’S THEORY OF

production and investment. As will be argued in Chapter 9, the
phenomenon of long waves is in the first Instance an overall ‘w’orld’
phenomenon. Individual countries’ pattern of output and invest-
mer}t growth will primarily be influenced by the general process
of catching-up’, which seems to have characterized most of the
countries analysed in the Kiel study following the industrial revolution
in Britain and the ensuing industrialization elsewhere.

Figure 2.1(a) presents the three- and nine-year moving averages
of the prc.)duction and investment growth rates for the total sample
of countries for the period 1830 to 1979, while Figure 2.1(b) pre-
sents the three- and nine-year moving averages of the deviations
from the growth trend for the same sample of countries and for
the same period. Whether Figures 2.1(a) and 2.1(b) provide support
for a §O-year long-term cycle is largely an academic question. As
femphz.ls;zed before, the evidence available — 150 years — is to£a11
nsufficient, while external factors — m particular the World War}s,
I and II — provide major disturbances. There is consequently little
doubt that the statistical debate will continue for a long time.

Ho’we.ver, to appreciate the relevance and Importance of Schum-
peter’s ideas on technical innovations and economic fluctuations
It is by o means necessary to accept the idea of cycles as such anci
certainly not the notion of fixed periodicity. Van der Zwan (1979)
prefers the notion of periodic major structural crises of adjustment
and Mensch (1975) speaks of a ‘metamorphosis’ model. Almost
all the advocates of the idea now prefer to speak of ‘long waves’
rather than ‘long cycles’. For the purposes of this book it is neces-
sary o_nly to accept van der Zwan’s concept that there have been
per}odlc major structural crises of adjustment varying a little in
their severity .and timing between countries and followed by fairly
prolonged periods of expansion and prosperity. These major crises
were generally perceived at the time as being more severe than the
ordinary down-turns of the short- and medium-term (Juglar) business
cycles. The change in the cconomic climate during the 1970s and
early 1.980s obviously raises the question of whether there are any
analogies or useful comparisons with the 1930s, and in pafticular
whe?;her technical innovation has any bearing on these issues. Among
the important recent attempts to tackle these questions are those of
Mensch (1975) and van Duijn (1979).

2.3 Capital accumulation, investment and employment

:iowever, before discussing their work in Chapter 3, it is essential
o place Schumpeter’s theory in the context of more ‘traditional’
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mainstream economic analysis, particularly investment, employment

and growth theory. Neither Kondratiev nor Schumpeter explicitly
discussed the possibility that a particular wave of innovation might
first of all have big net employment generating effects but at a later
stage some employment displacing effects. They were apparently
thinking mainly in terms of the general climate of investment and
accumulation and fluctuations in this overall level of investment.
Thus the upswings of the Kondratiev would be periods in which
investment was generally buoyant because of the new profitable
opportunities which were perceived. The higher levels of unemploy-
ment experienced during the Kondratiev down-swings would be
due to the loss of this impetus and to general demand deficiency
associated with low levels of private investment and profitability
and not necessarily associated with any change in the rate of job
generation and displacement associated with a particular volume
of investment. Central to these long-wave explanations is thus the
concept of capital accumulation. In general, if most economists
accept these days the possibility of some cyclical trend in economic
life, it is primarily related to the role of capital accumulation (in-
vestment) in economic growth. The so-called ‘multiplier-accelerator’
models (Samuelson 1939) with their induced investment function,
are a typical example of cyclical behaviour where delays in multiplier
and accelerator effects can be prime causal factors in the cyclical
over- and under-expansion of the capital-producing sector. '

There are alarge number of imperfections, lags and discontinuities
involved in any expansion of the capital stock. These imperfections
relate both to the so-called short run ‘investment demand’, and to
long run capital accumulation.

Short-run investment demand is generally assumed to be a func-
tion of so-called ‘expectations’ and interest rates. If investment
demand is highly interest-elastic (i.e., responsive rapidly to small
changes in the rate of interest given a certain level of expectations),
then depending on wage and price flexibilities, a full employment
general equilibrium could easily be obtained. Recessions and un-
employment could be overcome by simple monetary policies. How-
ever, little evidence exists to support this view of the interest-elasticity
of investment demand. Rather, there exists a variety of views on
the determinants of investment demand. These range from high
optimism that a self-stabilizing full-employment level of investment
demand will come forth with the lightest hand being kept on the
money supply, to great pessimism about the unpredictability and
volatility of investment demand, which leads to a strong preference
for fiscal policy (Cooper and Clark 1982). In terms of these volatile
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pectations, it is always worth recalling the well-known passage
om Keynes (1936, pp- 161-2):

ost, probably, of our decisions to do something positive the full consequenceis
* which will be drawn out over many days to come can only be tak.en as a resu(ti
* animal spirits — of a spontancous urge to actlon'rat.her than inaction, ?nd
5t as the outcome of a weighted average of quantitative .benefits multlpile

y quantitative probabilities. Enterprise only pretends to 1tself‘ to b(;: I.namly
‘tuated by the statements in its own prospectus, however .candld an smcerei
nly a little more than an expedition to the South Po-le., is it ba§ed on an Zxa;

alculation of benefits to come. Thus if the animal spirits are'dlmmed and the
pontaneous optimism falters, leaving us to dePend on nothing but a mathe-
ratical expectation, enterprise will fade and die; — tl:lough fears of loss may
ave a basis no more reasonable than hopes of profit hgd before. . . . This
neans, unfortunately, not only that slumps and depressions are exaggelja'ted1
n degree, but that economic prosperity is excessively depcnder%t on a political
nd social atmosphere which is congenial to the average business man. . . -
n estimating the prospects of investment, we must have l"egard, therefore,hto
the nerves and hysteria and even the digestions and reactions to the weather

of those upon whose spontaneous activity it largely depends.

Keynes’ deep (if occasionally ironical) awareness Qf the subtleties
of investment behaviour was based on a life-time of direct experience
in the Stock Exchange and the commodity markets. It is in sharp
contrast not just with the simplistic dogmatism of some contem-
porary monetarist prescriptions, but also with that of some of his
own followers (which is exactly what he would have expected).
Summing up his discussion on long-term expectations he says

(Keynes 1936, p. 164):

Only experience, however, can show how far manage.ment of the rate of interest
is capable of continuously stimulating the app.roprlate volume of 1nvestmenlt.
For my own part 1 am now somewhat sc.eptlcal of the success of a merely
monetary policy directed towards influencing the rate of 1r.1terest.. I. expec';
to see the state, which is in a position to calculate the ma.rgmal_efflcxency o
capital goods on long views and on the ba_sis of the ge.nf:ral .soc1a1 adva‘nt-age,
taking an ever greater responsibility for directly organising investment; 51.nce1
it seems likely that the fluctuations in the market estimation c'>f t.he marima
efficiency of different types of capital, calculated on the Prmmples I have
described above, will be too great to be offset by any practicable changes in

the rate of interest.

Disappointingly, he did not investigate the role of innovations In
generating a revival of animal spirits and raising the level of expecta-

tions for future profits. But the aphrodisiac effect of a yvave_of new |
investment opportunities based on a cluster of innovations 15 quite

consistent with his general approach to expectations and investment
behaviour. His recognition that innovative investment }'u}d almost
as little to do with mathematical calculation as an expedition to the

vttt
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South Pole does not invalidate this point. While pure animal spirits
often sustain the early pioneers of a new technology (as we shall
see when we come to discuss in more detail the rise of new indust-
ries), the swarming of imitators is usually promoted by the example
of one or more exceptionally profitable ventures. Like those who
joined in the ‘Gold Rush’ of the nineteenth century many of them
are doomed to disappointment, but their ‘swarming’ behaviour is
far from being entirely irrational, even though fashionable trends
may play a part in influencing behaviour.

The effects of the volatility of attitudes and expectations (for
whatever causes) led in Keynes’ view to the exaggeration of both
slumps and booms and to big variations over time in the rate of
capital accumulation. However, he was more interested in the short
run than the long run and did not really examine some of the longer
term consequences of these fluctuations. The process of capital
accumulation is affected not only by the vagaries of investment
behaviour which Keynes described but also by 2 variety of inflex-
ibilities affecting the growth of the capital stock, such as:

| (i) inflexibilities in terms of delays in perceiving the need for new
| fixed: capital and in the necessary time lag before the new fixed
capital can be ordered, designed and constructed;

(ii) inflexibilities in terms of the longevity of capital;

(i) inflexibilities in terms of the possibilities of factor substitution

e

| between capital and labour.

These inflexibilities will not only lead to disequilibria, but might well
result in cyclical crises. Long-run capital accumulation is therefore
at the core of many long-wave theories. The first of these inflex-
ibilities can lead to cyclical over- and under-expansion of the capital-
producing sectors, and is most easily identifiable with the traditional
multiplier-accelerator models and most of the work of Forrester
(1981) and the MIT System Dynamics Group. The second type of
inflexibility is important in that it raises the possibility that large
investments in one period, by becoming obsolete at the same time,
will produce a flurry of replacement investment activity which may
recur periodically (the so-called ‘echo’ effect). This was originally
suggested by Kondratiev himself as a possible mechanism by which
long waves are generated. Its effect might have been of some rele-
vance to the post-war economic recovery, with its huge replacement
and expansion of housing, public transport, motorways and other
public works. It might also be possible that, in some countries, much
of the fixed capital associated with this heavy post-war investment
may need to be replaced over a rather short period in the future.
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i
. terms of rapid technical change, changes in the demand for certai
The third type of inflexibility 1s, 1n its extreme form, reflected P g, o i

. ion’ \ 1 kills (which are in short or inelastic supply) will also create bottle-
. e f production’ as used, , s _ € _ pply _ ¢ bottle
in the assumption of ‘fixed Cgeffl_clfntzy Omopdels. Most of these e \{ necks. If in addition, by the time reskilling or retraining has increased
fordei(ample, mn tr}rlla?y(;:;ifagil/llzbo;rmSZ\LngsﬁtUtiOTl possibilities are “the supply of these scarce labour skills, technical change has again
models assume tha

confined to ex ante investment decisions (putty), whereasdgy.cti[z)(rjli
the possibility of substitution disappears (clay) (1.e'.1,1 i)ny aurell nal
labour working with the existing ca'pltal .stock w1h ep dsy u
productive, its marginal product being ml): In other wor 'b,'hties
assumes that businessmen face a series of investment 1Lg)ossyxtios
(the latest vintages) defined in terms of 1nves.tment/ha O}lir ras ir;
Once the choice is made and the 1nyestment ms‘talle },lc a:?nig;: N
factor prices (e.g., wage increases) w%ll not permltf C arllg in the
production factor content of the investment. The Oﬁ'yd 'pﬂex_
left is prematurely to scrap the investment. W}.nle1 th1itt ir (tlﬁlou N
ibility should not necessarily lead to any C,YC,IIC; pa ir: Cleafiy
such a pattern might exist (Clark 1980)), it in 1c_ate§ rytations,
“the crucial role of technical change and fact.o.r price exi)ecf jons
- (e.g., future wage settlements). No't surprlsmgly.’ most o ese
_vintage models arrive at the cgnclpsmp ‘il;atlitietilr?lzriisltrﬁi o
hare of output has led to a reduction m the - _ :
ztock (e.g» sie Vandoorne and.IV.Icteusen, 1978), ;md 1the ﬁn(i‘;?;%ii_
cline in employment. The possibility that recent low leve of vese
ment may lead to capital shortage upemploymegt, czinig p
of output Vgets underway, is discussed 1n Cbapters 8 and 10. eehmical
~ As will have become obvious from this last dlscuss%on, e':g'l't.
change plays a crucial role in creating some of'these mﬂfx(ie]lmlafcsi,
lags or discontinuities. In terms of shortrun investmen ,

g

| new technology should normally increase ex‘pectatflfons (1.;,()x:\1/1§;1
| nommally have 3 net employmense ot new e
| in the structure of investmen .
i%?ggfess 1\might lead to an increased .price for the newfci}‘nt.alcfg;i
or the associated ‘software’, which might Offoit some of t 1sh1n rease
in expectations. Long-run capital accumulation on the to‘ii i:rlacairrllg
(as emphasized by Neisser, 1942) can have _emp_li)yrr‘len ‘ ge g
as well as employment-generating effects. This will primart 31/ atgfon)
| on the nature of the investment (thpanzlon or rationaliz ,
\' i or prices and their expected trend.

relilvfnfigte ca?se of the capital stock, the 1ab9ur mar.ket alzo S?ftf.ers
| from a number of rigidities which prevent 1mmed1?te adapta h10ar;
| to changes in industrial structures that result fromhactors srl(;arl
| technical change and changing demand patterns. T e@ﬂarebll.tiez
’ good social and cultural reasons fc.nf many labour 1n.e1x1 1;E m
) Job insecurity or geographical mobility do have a social cost.

changed the demand pattern, one might well end up with a large
number of disequilibria in the labour market. These disequilibria
can be further exacerbated by wage differential inflexibilities, and
by a more general ‘stickiness’ in wage rates, engendered in part by
institutional factors in the wage bargaining process and by lags in
the adaptation of bargaining attitudes to changed circumstances.

2.4 Equilibrium and structural change

The more or less ‘traditional’ explanations of economic development
tend to assume that there exists some sort of general equilibrium
growth path. We have listed a number of factors: time lags in the
adaptation-of the capital stock; undetermined expectations; interest
inelasticity—of-investment demand; limited factor substitution, etc.,
which, combined with wage and price inflexibilities, might lead to
a sustained departure from that equilibrium. We also insisted on the
role of technical change in creating possible further departures
from that equilibrium. Most of that debate (in particular the tech-
nical change bias) forms now a central part of economic_growth
textbooks. However, the way miost of these questions ar
terms of general equilibritim), make them of very.
plaining major fluctuations as it is implicitly assumed that.departures

from the equilibrium path are shortived frictional imperfections.

., In

/A steady state growth path, a dynamic Tull "employment general
i

equilibrium, a constant rate of ‘Harrod-neutral’ technical change

“are all concepts, which — though useful from a theoretical point

of view — at a certain stage seem more to obscure than to clarify

the actual interactions between growth, technical change and em-
ployment.

This is where in our view Schumpeter’s main contribution lies.

In Schumpeter’s framework it is disequilibrium, dynamic com-

petition (in the sense of ‘imperfect’ competition) among entre-
preneurs, primarily in terms of industrial innovation, which forms
the basis of economic development. Thus, the emphasis is on the
supply side, that is, autonomous investments rather than on ‘demand
induced accelerator investments or multiplier processes [demand
push] as driving forces in economic development’ (Giersch 1979,
p. 630). In such a framework economic development will be viewed
primarily as a process of reallocation-of re:

sources between-indusiries.
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That process leads automatically to structural changes and dis-
equilibria, if only because of the uneven rate of technical change
between industries (see Chapter 7). In other words, economic growth
is not only accompanied by the rapid expansion of new industries,
it also primarily depends on that expansion. It is not difficult to
see how that expansion can lead to crises.

First of all, as emphasised by Kuznets (1930 and 1954), by Burns
(1984), and by much of the early marketing literature and later
the product life cycle trade theory, there is nothing steady about
the expansion of products or industries. Rather it seems more
plausible to postulate some sort of ‘cyclical’ expansion, with a
fast growing, saturation and declining phase as the most obvious
ingredients. Second, as pointed out by van der Zwan (1979, p. 23):

the lagging behind the trend of economic improvement by the industries out-
side the cluster of modern and advancing ones leads to an increase in prices
in this ‘backward’ sector. As a direct consequence the advancing sector is con-
fronted with rising costs for its inputs, which leaves it with additional demands
as far as productivity is concerned. An indirect consequence of the relative
price increase in the ‘backward’ sector is the negative impact on purchasing
power in the economy at large; this hampers the expansion of the advancing
sector on the side of demand.

In other words, because of the productivity differentials between
industries, the fast-growing sector of the economy will face demand
problems and its expansion will be hampered and retarded at some
stages of its growth. Third, to the extent that technical change is
size biased, and that there might be a tendency in the fast-growing
sectors of the economy to over-anticipate demand, there might
also ultimately be a tendency to overproduction and excess capacity
‘n the modern sectors of the economy. In Chapter 7 we take up
the discussion of these productivity differentials between industries
and to the question of ‘saturation’ of consumer demand for par-
ticular commodities. As Pasinetti (1981) has argued, the expansion
of consumer demand is itself not a smooth continuous process.

Within a. Schumpeterian framework, structural ‘adjustment’ dis-
equilibria are the logical outcome of economic development. The
ways in which these disequilibria lead to ‘long waves’ and what
might be the role of technical innovations in creating or amplifying
these waves is discussed in the following chapters.

From what has been said it is evident that we believe there are
good reasons for viewing technical change as one of the main factors
involved in the various structural crises which have affected the
growth of the world economy over the past two centuries, especially
the level of employment. We do not, however, subscribe to a theory
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of single-factor causation, nor to a conception of regular repetitio

with fixed periodicity of an unchanging cyclical mode of cg)evelo .
ment. Qn ‘the contrary, whilst we would go along with Schumpetg
in his ‘Insistence on the central role of technical change in the
dynamics of capitalist development, we also share his view, ex-

pressed so clearly at the beginning of his analysis of ;
e Fels 1964 oo 1112, g alysis of Business Cycles

N tht? questiqn of causation is the Fundamental Question. . . . Now if we do
ask thl.S question quite generally about all the fluctuations, crises, booms
d‘epressmns that have ever been observed, the only answer is ,that th’ere is n(;
single cause or prime mover which accounts for them. Nor is there ever an

set of. causes which account for all of them equally well. For each one i 4
historic 1.nd1vidual and never like any other, either in the way it comes abcsmi
or the picture it presents. To get at the causation of each we must analyse

the facts of each and its individual b
¢ ackground. Any answer i i
cause is sure to be wrong. Y erin tems ofa single

In his Insistence on the importance of the specific features of each
Perturbatl.on to the system, Schumpeter differed from most Keynes-
ian t}}eorlzing and from much other macro-economic crisis theor
with its ’plithe disregard of actual technical developments and re;i
changes in the structure of industry and services. Like Marx and
Kuznets his approach was evolutionary and historical and he was
_con_stantly aware of the limitations and dangers of abstract general-
izations and models. He saw research on ‘business cycles’ as having
to rely on company histories, technical journals, studies of par-
ticular products and branches of industry, and repeatedly emphasized
how misleading aggregative statistics could be, since they frequentl
choncea.led rather than revealed the underlying processes of change Y
He Justified his view that technical innovation was ‘more lik'e a
series of explosions than a gentle though incessant transformation’
on three grounds. First, he argued that innovations are ‘not at any

| time distributed over the whole economic system at random, but
4 . . ’
| tend to concentrate in certain sectors and their surroundings’, and

that consequently they are ‘lop-sided, discontinuous, dis-harmonious
‘_by nature’. Secondly, he argued that the diffusion process was
}nherently a very uneven one because ‘innovations do not remain
1solated events, and are not evenly distributed in time . . . on the

PO

i

o

contrary,‘ they tend to cluster, to come about in bunches, simply
beciause flI‘S.t some and then most firms follow in the wake of’success-
ful 1nn9vat10n’. Thirdly, he maintained that these two characteristics
of the innovative process implied that the disturbances it engendered
could be enough to ‘disrupt the existing system and enforce a distinct
process of adaptation’ (see Fels 1964, pp. 75-7).
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Hardly anyone would deny the truth of Schumpeter’s first pro-
position. 1t is confirmed by a great deal of empirical research on the
uneven distribution of R and D, patents, inventions and innovations
between the various branches of the economy. The differences
between rates of growth of various branches of production are
well-known and obvious, as is the fact that some industries decline
whilst others grow rapidly. Moreover, it is also universally agreed
that many of these structural changes are the result of technical
innovation. The decline of the canals and horse transport and the
rise of the railways is an obvious case, followed by the rise of the
internal combustion engine and the decline of the railways. Changes
in the pattern of energy production and distribution are another
related and obvious case. No-one would deny that the social and
economic changes arising from these major processes of technical
innovation were sufficient to entail substantial problems of struc-
tural adaptation, especially for those countries which already had
a large capital stock and pool of skilled labour devoted to the ex-
ploitation of the older systems of technology.

More comprehensive evidence is now available which shows that
differences in growth rates of production and of productivity have
been systematically related to R and D intensity and to patterns
of technical change (Terlecky] 1974). The most R and D intensive
industries are those with extraordinarily high rates of growth
in the twentieth century and most of them did not exist at all
before this century — electronics, aircraft, drugs, scientific instru-
ments, synthetic materials (Freeman 1974). For long periods growth
rates of 15 per cent per annum in many industrialized countries
were commonplace for these branches of industry. Again, it is
fairly obvious that these high growth rates were related to a much
greater flow of technical innovation in new products and processes
and the high rate of diffusion of these innovations through the world
economy. There has been a very high concentration of total R and D
in electronics and chemicals in almost all the OECD countries in
the past thirty years.

At the other extreme are industries in a process of decline or
showing rather low rates of growth. These are frequently char-
acterized by low R and D intensities (sometimes zero) and a low
rate of technical change. Where technical innovation is taking place,
as for example, in the textile and printing industries, it is often due
more to the impetus from suppliers of machinery and materials,
than from the efforts of the industry itself. The existence of a statis-
tical association between measures of technical change and the growth
of an industry or product group does not, of course, necessarily mean
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that it is technical innovation which has caused the growth. Th
reverse could be true, or both could be ascribed to gsome ‘ th :
factor, such as the quality of entrepreneurship or market de . Sr
Schumpeter stressed the importance of autonomous inventiorxllla;nci

entreprencurship, but Schmookl . ;
 arket demand. okler (1966) put the main emphasis

2.5 Schumpeter or Schmookler?

Howeve_r, if market demand were the only problem, then technical
innovation could be regarded as a secondary ph’enomenon Cii
taken for granted, since it would simply respond to demand man:ne-
ment. It would be part of the adjustment to changing patternsgof
demand, not a semi-autonomous engine of growth. Schmookler’
jnhe'ory has sometimes been interpreted in this way. Fluctuations
15n 1n(\;estment are followed by fluctuations in inventions. In Chapterz
. anr (CSUVZS shall ~presept some evidence which suggests that a purely
emand-le theow of invention and innovation does not correspond
to the historical facts in the case of the two technologies whici we
discuss. .Schu‘mpeter’s theory of an autonomous impetus on the
supply side deriving from advances in science and invention and
realised through imaginative entreprencurship appears to fit t?l
facts rather better. Once, however, a major innovation has beez
made, then a pattern of demand-led secondary inventions and

. innovati i i
vations may set in over many decades giving apparent cred-

ibility to a ‘Schmookler’-type of analysis.

~ Dosi (1982) has suggested an interesting parallel between tech-

?J
i
T

i

]
|
i
|
L

nolpglcal paradigms and Kuhn’s theory of scientific paradigms. A
major new technology is comparable to a new paradigm in scier;ce'
as t‘he technology takes off its further articulation is the outcom ,
f)f natulzal trajectory’ possibilities (comparable to normal scienc:
in Kuhn’s theory) heavily influenced by the market selection en
1;/)1rf£)ri£11'rrllen;. Technical change is both an engine and a thermostat_
. . ’
muatur;_t ermostat function tends to predominate as a technology
It may be maintained that to cite Schmookler’s (1966) work as
an ex‘amp.le. of a demand-led theory of invention and innovatio
is an illegitimate over-simplification. He is, himself, at pains in thI;
early part Qf his book to emphasize that basic scien,ce may have
important independent influence and unlike Hessen (193]}; he doaen
not argue that basic science is also demand-led. On the contrarS
he uses the metaphor of the two blades of a pair of scissors tZ
describe the process of technical change, one blade being scientific
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discovery and the other one the changes in the state of market
demand. However in practice he concentrates almost entirely on

the demand ‘blade’ and although he does devote some attention

to the distinction between important patents and secondary patents,

in the end he minimizes its significance.

Despite his early disclaimer, demand leadership of invention is
the most powerful message appearing to emerge from Schmookler’s
work, as will be evident from his own conclusions:

flect the effect of capital goods inventions on
lausible. In the time series comparisons, trend
turning points tend to occur in sales before they do in patents and long swing
troughs in sales generally precede those in patents. Morcover, trends and long
swings in investment in the industries examined are adequately explained on
other grounds. . . . The fact that inventions are usually made because men want
to solve economic problems or capitalise on economic opportunities is of over-
whelming importance for economic theory. Hitherto, many economists have
regarded invention — and technological change generally — as an exogenous,
and some even thought, an autonomous, variable. . . . These views insofar as
they were of a substantive nature rather than merely a methodological con-
venience, are no- longer tenable . . . the production of inventions, and much
other technological knowledge, whether routinised or not . . . is in most in-
stances as much an economic activity as is the production of bread (1966,

pp. 204-8).

The possibility that the results re
capital goods sales is grossly imp

a schematic representation of Schmookler’s

Figure 2.2 gives
theory. Initially, a small increase in demand might be met by in-
1) or with a time

creased production from existing plant (Route

lag through expansion of capacity using existing technology
(Route 2). More commonly however, given strong demand, new
investment would generate an increase in inventive activities both
within existing firms and outside them (Route 3). Expansion of
investment will give rise to an increase in the rate of invention and

the number of patents. On a very small scale in the nineteenth

century, but much more generally in the‘twentieth century, efforts
priate the results

to improve the rate of invention and to appro
monopolistically led to the growth of company-financed (‘captive’)
R and D laboratories and other technical services (Route 4). The
new inventions and improvements would be embodied in existing
and in new production facilities and in new and improved pro-
ducts to meet the increased demand. Cyclical falls in demand would
lead to corresponding reductions in inventive and other R and D
activities.

Schmookler succeeded In demonstrating a high degree of syn-
chronicity in the movements of his long time-series on sales of
capital goods (or investment) and patented inventions in the same
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Fig. 2.2 Schematic representation of Schmookler’s model of demand-led invention
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field, especially in relation to long (Kuznets)* cycles. He was, how-
ever, less successful in demonstrating any consistent time lag between
the two series, for as he frankly admitted, in some cases there were
occasions when patents appeared to lead investment, as well as the
(slightly more frequent) cases of Imvestment leading patents. He
based his argument therefore not on 2 general consistent lead of the
sales and investment series, but on the argument that investment
usually led the upswings from the troughs, and on the view that
the movements of the investment series could be better explained
by external events other than the course of invention.

In Chapter 5 we conclude that the evidence from the plastics
industry, whether descriptive or statistical, does not support either
a deterministic model of demand-led invention or of technology-
led science. Neither would it sustain a theory of pure ‘discovery
push’ or invention push, which ignored the reciprocal influence
of the growth of demand, of fluctuations in economic activity
and of competitive pressures. But it would be consistent with a
theory such as Schumpeter’s which postulated a closely interde-
pendent but shifting relationship changing over time as an industry
grew to maturity.f Exogenous science and new technology tend to
ﬁ%ﬁWMarly stages, whilst demand tends to take over as
{the industry becomes established. A ‘matching’ process of new
“ftechnology and new markets, guided by imaginative entrepreneurs,

lis important throughout.

““However, as Almarin Phillips (1971) has cogently pointed out
there is not one Schumpeterian model but two. The first is that
already developed by the young Schumpeter before World War 11
and expounded in his Theory of Economic Development (1912).
The second is that advanced in his later book Capitalism, Soctalism
and Democracy (1948). Figures 2.3 and 9.4 are a schematic re-
presentation of these two models which we shall designate as
Schumpeter I and Schumpeter 1. They are based essentially on
the diagrams used by Phillips (1971) with minor modifications.
The pattern postulated by the Schumpeter I model and illustrated
in Figure 2.3 may be summarized as follows:

% unspecified way to new developments in science. These are largely
exogenous to existing firms and market structures, and hence to any
measurable type of ‘market demand’, although they may certainly

4 (i) There is a (discontinuous) flow of basic inventions related in an

*Historical studies of the USA economy have often been based on the long cycles
jdentified by Kuznets, which he associated with long-term trends in building and con-

struction.
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be influenced by the belief in a potential demand or concept of

{or losses)

Profits
from

unmet need, or shortages of existing products.

/(i) A group of entrepreneurs (who in Schumpeter’s view are re-

) sponsible for the main dynamic thrust in capitalist economies)
realize the future potential of these inventions and are prepared
to take the risk of developing and innovating. This hazardous activity

would not be undertaken by the average capitalist but only by
exceptional entrepreneurs.

i

innovation

————b

(iif) Once aradical innovation had been made it would disequilibrate
existing market structures and reward the successful innovator with

Changed
market

exceptional growth and temporary monopoly profits. However,
this monopoly will be later whittled away by the entry of swarming

secondary innovators giving rise to the cyclical phenomena already
described.

structures

The main differences between Schumpeter II and Schumpeter 1

are in the incorporation of endogenous scientific and technical

New
patterns of

activities conducted by large firms. Schumpeter did not have in-
dustrial R and D statistics at his disposal as these have only been
systematically collected since World War IL. However, he was un-
doubtedly aware of the rapid growth of these activities between
the wars and the extent to which innovative activity was generally
becoming institutionalized within large corporations. Indeed, he
was so impressed by these tendencies that he foresaw the innovative

's model of large-firm managed innovation (mark II).

production

entrepreneur as ultimately being completely superseded by a ‘bureau-
cratized’ type of innovation. He had actually foreshadowed this
change in the emphasis of his theory in an article as early as 1928.

Management
of innovative

Endogenous
science and
technology

St
2
v
=B
E
=]
S
Q
w)
[T
[w]
'8 In Capitalism, Socialism and Democracy (1943) he went even further
+ . . . .
g and saw this tendency as the main force which would ultimately
. 2 lead to the disappearance of capitalism itself.
= . . e
g % ! In Schumpeter II (Figure 2.4) therefore there is a strong positive
¢ = | feedback loop from successful innovation to increased R and D
= &) o oa . . . . . .
£ 1 activities setting up a ‘virtuous’ self-reinforcing circle leading to
g j renewed impulses ‘to increased market concentration. Schumpeter
S | now sees inventive activities as increasingly under the control of
A 3 ) . : ) Ingty Une ;
« | large firms and reinforcing their competitive position. The ‘coupling’
- o K between science, technology, innovative investment and the market,
— v > . 1 . . -
- * 3§53 .E’ | once loose and subject to long time delays, is now much more
s 82 Loe L. . .
z% Sec *_intimate and continuous.
s X5 8 : :
3B DU W s Whilst some economists have seen Schumpeter’s models as essen-

tially two conflicting views of the world, we prefer to regard them
as complementary, and reflecting not so much a different analysis
as a different world which was being analysed. Model I was based
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on nineteenth-century history as seen in the early years of the
twentieth century. Model II was based on what had been happening
in World War I and the inter-war period. ‘

Although our evidence appears to support the Schumpeterian
model (and those theorists like Phillips, Rosenberg and Nelson who
have followed largely in his tradition), there is one important line
of research and argument which might appear to refute Schumpeter
I whilst continuing to vindicate Schumpeter 1. This is the argument
that large firms tend to rest on their monopolistic laurels, to stagnate
and to become less innovative, thus providing continuous new
opportunities for the small innovative firm to undermine the large
monopolistic firms despite the scale of their R and D and other
technical resources.

Especially in the birth of new industries, small firms may be
exceptionally important. In the 1950s it was often argued that the
process of industrial concentration had slowed down or ccased,
and also that the largest firms tended to be relatively less R and D-
intensive than small or medium-sized ones. Scherer (1965) and
Hamberg (1966) in particular argued from the statistical evidence
then available that there was no association between firm size and
relative scale of rescarch and inventive activities, or if there was
such an association then it was one in which R and D efforts tended
to diminish in the largest firms. .

However, this argument has been overstated. The evidence of
growing industrial concentration in the 1960s and 1970s 1s now
seldom disputed, but the Schumpeterian (Mark 1I) explanation is
often ignored or contradicted, usually on the basis of Scherer’s
work. This view was based largely on the statistics of the 1950s
which were unsatisfactory and provided no time-trend. In a recent
paper on the subject Soete (1979a) made use of statistics of the
National Science Foundation for the 1970s and other U5 sources
to show that Schumpeter Mark II was largely valid. In most branches
of US industry, including chemicals, it is the largest firms which
are the most R and D intensive. Another study in the UK for the
Bolton Committee (Freeman 1971) showed that large firms accounted
for a disproportionately large share of post-war British innovations,
and that in many industries scarcely any significant innovations came
from small firms (see also Townsend et al., 1981).

A general long-term tendency towards concentration of innova-
tions in larger firms is quite consistent with the possibility that long-
term cyclical upswings are associated with a resurgence of ‘Mark T’
small-firm innovations and, as we shall see in Chapter 6, the pattern
in electronics and scientific instruments does provide evidence of
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this. In Chapter 7 we present further evidence both on the long-
term tendency towards concentration of production and sales, and
on the resurgence of fast-growing small innovation firms in ’such
new technologies as information processing and small computers.
Obviously these Schumpeterian models represent a rather dif-
ferent view of the determinants of technical change and economic
development than that propounded by Schmookler. However, it
is important to note that in terms of Schmookler’s statistical
analysis the results might sometimes look the same. Since little
distinction is made between the original radical inventions and
innovations and all subsequent inventions in Schmookler’s method
in terms of simple patent counts, there would always be far mor(;
inventions and patents by the ‘swarming’ secondary innovators
than by the original radical inventors and innovators. Moreover
these might often tend to follow rather than precede the upsurgf;
or decline of investment and production. Thus the Schumpeterian
model is not necessarily inconsistent with the Schmookler statistics.
Its validity can be tested only by the descriptive narrative type of
approach'which we have attempted in our discussion and detailed
case studies in Chapters 5 and 6, as well as by a statistical analysis
which attempts to separate basic inventions and innovations from
the rest. In Chapter 3 we develop this argument in relation to in-

ventions and innovations generally. Engines must be distinguished
from thermostats.




3 MENSCH’S THEORY OF ‘BUNCHING’ OF
BASIC INNOVATIONS

As we have seen, in his review of Schumpeter’s Business Cycles
Kuznets (1940) maintained that the argument would stand or fall
on the possibility of demonstrating the existence of discontinuities
in the introduction of major innovations with a long time span.
Minor technical improvements were being made all the time in
many sectors of the economy, but these would be incapable of
generating the type of fluctuations suggested by Schumpeter.

In view of these comments, particular interest attaches to the
attempt by Mensch (1975) to demonstrate precisely such discon-
tinuities in relation to what he describes as Basis-innovationen
(basic or radical innovations). In his view they have tended to
cluster in a few decades over the past two centuries (viz. in the
Depression periods of the 1830s, 1880s and 1930s). He accepts
that depressions need not and should not be the only way to get
a flow of basic innovations (p. 168) and indeed he argues strongly
for an active industrial policy to do it without. But he maintains
that historically as a matter of actual fact, basic innovations have
clustered in and around depressions. He also predicts a new cluster
of basic innovations in the 1980s.

There are two main aspects of this Mensch theory of innovations.
First, he argues that a ‘technological stalemate’ period tends to
follow the peak of a long wave boom. In this period of stagflation
or recession Verbesserungs-innovationen (improvement innovations)
and Schein-innovationen (‘pseudo-innovations’ or product differ-
entiation) tend to proliferate, concentrating on modifications to the
existing industrial system. This part of his argument is more plausible,
although it merits more empirical investigation than it has so far
received, and is open to criticism on the grounds of neglecting basic
process innovations, for which there would still be a strong incentive
in periods of recession. The second part of his theory relates to
Basis-innovationen (basic Or radical innovations). He believes that
these are crowded out and tend to diminish in number during the
stagflation periods but that major depressions remove the barriers
to basic innovation. They are brought forward as the result of an
‘accelerator mechanism’ which shortens the lead time between
invention and innovation during deep depressions. Hence they tend

MENSCH’S THEORY OF ‘BUNCHING’ OF BASIC INNOVATIONS 45

to bunch gogeth.er in the decades of deep troughs in the economic
izzf;r:r ;u:m ;;(:)V;gi the stimulus and opportunity for the subsequent

In our view .the significance of ‘swarming’ or of ‘bunching’ relates
more to the d}ffusion process and to combinations of sets of basic
%nps)vatlons with many improvement innovations rather than the
initial appearance of the individual basic innovations themselves
We shall develop this approach in Chapters 4, 5 and 6. In this cha tel.‘
we co'ncentra‘Fe on a critique of the Mensch theory. The reaéonpfor
devoting considerable attention to this critique is that the ideas have
been w_1dely discussed and quoted and have been an influential
factor in the wider debate on innovation and economic growth
In partucular the main argument has been taken up by Jay Forreste£
and his colleagues in discussing the Jong-term growth of the US
economy. Graham and Senge (1980) explicitly incorporate Mensch’s
theory into their own analysis. However, they put their main emphasis
on basic innovations in the ‘early upswing’ period from depressions
(p- 13). Mandel (1981) also accepts the validity of Mensch’s findings
Finally, in our view a critique of Mensch’s pioneering work aids tie‘
process of clarification of the main issues.

3.1 The bunching of innovations in the twentieth century

Unlike some other critics we do not disagree with Mensch in his
gttempt to distinguish between ‘basic innovations’ and ‘minor
1m.pro‘ve¥nen_ts’. On the contrary we think that he is right to make
this dlS‘tH:lCthIl' and has not gone far enough in this direction How-
ever d1ff1_cu1t it may be in practice to classify the different. types
of invention apd innovation, or to measure them and to assess ty}?eir
trends over time, there really is an important difference between
‘Fhe innovation of nylon or the electronic computer and a technical
improvement to the horseshoe or the tin-opener, even if there were
E;,Se :rlazréy pztents j.or l;cxhe latter two as the first tvavo in any particular
ee endix A, on p. i initi i i
year (See ! aI;Fd diffusic’,n.) p. 201 for various definitions of invention,
In .hlS book Mensch relies heavily on a list of forty-one basic
twentieth century innovations derived from the classic work of
Jewkes et al. (1958) The Sources of Invention.
Using the case studies at the end of this book Mensch attempts
;c)o date these innovations according to the year in which producti%n
e§lan ona factory scale or a new market was established. From this
analysis he con(zludes that only one of them was introduced before
1920, seven during the 1920s, twenty during the 1930s, eight in the




46 MENSCH’S THEORY OF ‘BUNCHING’ OF BASIC INNOVATIONS

1940s, and five in the 1950s. This appears to fit well with the notion
of depression-induced bunching. He uses some other sources which
are less supportive of his main conclusions than the list of Jewkes
et al. but criticisms similar to those below apply to them too, es-
pecially the Schmookler lists (1966).

It is important to recognize that Jewkes et al. never claimed that
their selection of sixty-one inventions in the first edition of their
book (or seventy-one in the second edition) was in any sense com-
plete or a statistically reliable sample of inventions. Moreover there
are several obvious sources of bias for the purposes in which Mensch
is interested. He relies on the first edition and since this was com-
piled in the mid-1950s, it is obvious that it could not do justice
to the inventions and innovations of the 1950s or the 1960s. In
their second edition Jewkes et al. point out that they omitted the
computer from the first edition because they did not realise how
important it would be, and they had no idea how important the
transistor would be either. There is a similar problem at the begin-
ning of the century since Jewkes et al. refer to inventions, whereas
Mensch is interested in innovations. Thus the aeroplane invented
at the turn of the century does not appear on either list whereas
helicopters do. Using the list of Jewkes et al. has probably resulted
in considerable under-estimation of the innovations of the early
part of this century as well as those of the post-war period. -

Mensch’s purpose was not himself to constructa list of twentieth-
century innovations but rather to use three different sources to
show that all of them quite independently demonstrated a bunching
effect in the 1930s. But Schmookler’s list is even more deficient
for his purpose than that of Jewkes et al. It related to four industries
only and three of them were already ‘old’ industries for the twentieth
century — agriculture, railways and paper. Moreover, his study
stopped specifically in the mid-1950s. If, therefore, two of his
sources are not suitable for the purpose which Mensch intends,
the statistical argument is greatly weakened. The probability that
there are some bunching effects in relation to the flow of basic
innovations over time certainly should not be excluded and we
shall be presenting shortly the results of some other empirical work
on the bunching of both inventions and innovations, but Mensch’s
empirical evidence cannot be regarded as adequate to support his
conclusions.

There are a number of further subsidiary points which raise
additional doubts about the validity of the use of the list of Jewkes
et al. for his main purpose.

Some twenty-two inventions from the list in the first edition of
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Jewkes et al. are not included. Assuming that Mensch is relying
only on the case studies, this number falls to eleven. The chief
criterion for exclusion is apparently that the innovations concerned
have an estimated ‘lead time’ between invention and innovation
of ten years or less (Mensch 1981) but it is not at all clear why
an innovation with a relatively short lead time should be considered
less important for the analysis. Most of those innovations omitted
would fall outside the 1930s and add to the numbers before 1920
and after 1940 (see Table 3.1 part (b)). The ten innovations added
in the second edition would all add to the numbers after 1940
(Table 3.1 part (c)) thus weakening the ‘bunching’ of the 1930s
identified by Mensch.

A second point with respect to interpretation is that there is a
high degree of ambiguity surrounding any estimate of invention
and innovation dates, and differences of opinion are likely even
when a single source of information such as Jewkes et al. is used.
Some of those classified to the 1930s in Mensch’s list could equally
plausibly be allocated to other decades — for example, the diesel
electric locomotive (1913) or ballpoint pen (1945).

The three of us have independently estimated the dates of in-
vention and innovation for all sixty cases covered in the case
histories sections of the two editions of Jewkes ef al. and have
found that in a number of them we disagreed between ourselves
and with Mensch. We have, however, arrived at a joint ‘consensus’
estimate in each case, and compared our results with those of
Mensch. We do not maintain that our estimates are better or more
realistic, but merely that they are equally plausible alternatives.
These are shown in Table 3.1.

In any attempts to make a more satisfactory analysis there is
another problem which must be taken into account — the problem
f)f component innovations, system innovations, and ‘families’ of
innovations. On Mensch’s list there are two cotton-pickers and
two forms of automatic transmissions, whereas Jewkes himself
counts cach of these as only one. There is a problem of consistency
in counting the cotton-picker as two but radio or the transistor as
one each. Chapter 6 lists more than thirty innovations in solid state
technology in the 1950s and 1960s, and a number of these would
rate as basic innovations as well as the transistor itself.

I*jine.tlly, there is a problem of weighting within the category of
basic innovations. The list derived from Jewkes includes the zip
fastener but not nuclear reactors, includes insulin but not the pill
or tranquillizers, includes the ballpoint pen but not the electronic
computer, neoprene but not the Haber-Bosch process. Again,
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Table 3.1 List of innovations as reported in Jewkes, Sawers and Stillerman:
Estimated invention and innovation years; where these differ from

Mensch, the latter’s estimates are placed in brackets

New concept Invention Innovation
(a) Cases considered by Mensch (1975)

Automatic drive 1904 1939
Hydraulic clutch 1924(1904) 1946(1937)
Ballpoint pen 1888 1946(1938)
Catalytic cracking of petroleum 1915 1935
Watertight cellophane 1912(1900) 1926
Cinerama 1937 1953 /
Continuous steelcasting 1927 1952(1948)
Continuous hotstrip 1920(1892) 1923
Cotton picker (Campbell) 1920 1942
Cotton picker (Rust) 1924 1941
Crease-resisting fabric 1926(1906) 1932

Diesel locomotive 1895 1913(1934)
Fluorescent lighting 1901(1852) 1938(1934)
Helicopter 1904 1936
Insulin 1920(1889) 1927(1922)
Jet engine 1928 1941
Kodachrome 1921(1910) 1935
Magnetic taperecording 1898 1937
Plexiglass 1912(1877) 1935
Neoprene 1906 1932
Nylon, perlon 1927 1938
Penicillin 1928(1922) 1943(1941)
Polyethylene 1933 1937(1953)
Power steering 1925(1900) 1930

Radar 1925(1887) 1934
Radio 1900(1887) 1918(1922)
Rockets 1923-9(1903) 1942-4(1935)
Silicones 1910(1904) 1943(1946)
Streptomycin 1942-3(1921) 1944
Sulzer loom 1928 1945
Synthetic detergents 1886 1928
Gyrocompass 1900(1827) 1909
Synthetic light polarizer 1928{1857) 1932
Television 1923(1907) 1936
‘Terylene’ polyester fibre 1941 1955
No-knock gasoline 1912 1935
Titanium 1937(1885) 1944(1937)
Transistor 1948(1940) 1950
Tungsten carbide 1900 1926
Xerography 1937(1934) 1950
Zipper 1891 1923
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New concept Invention Innovation

(b) Cases analysed by Jewkes et al. but excluded in Mensch (1975)*+

Bakelite 1904 1910
Cyclotron 1929 1937
DDT 1874(1939) 1942
Electric precipitation 1884 1909
Freon refrigerants 1930 1931
Hardening of liquid fats 1900 1909
Long-playing record 1945 1948
Safety razor 1895 1904
Self-winding wristwatch : 1922 1928
Shell moulding 1941 1948
Stainless steels 1904 : 1912

(c) Additional cases listed and analysed in Jewkes, Sawers and Stillerman,.
2nd Edition (estimates by current authors)

Hovercraft 1955 1968
Chlordane, aldrin, dieldrin 1944 1946/47
Float glass 1902 1957
Moulton bicycle 1959 1963
Oxygen steel-making 1949 1952
Electronic digital computers 1939 1943
Photo typesetting 1936 1954
The preventionof rhesus haemolytic

disease 1961 1967
Semi-synthetic penicillins 1957 1959
Wankel rotary piston engine 1957 1967

*The dates correspond to those cited in Mensch (1971) or for Bakelite and the long-
playing record, in Mensch (1981). For DDT, our own dating of the invention differs sub-
stantially from Mensch’s; the latter estimate is in brackets.

TIn addition to these there were nine other inventions mentioned in the main text by
Jewkes et al. but not included in their case studies at the end of the book.

recognizing that Mensch was not primarily concerned to make a
complete list of basic innovations, the deficiencies of the lists he
did use must cast some doubt on the conclusions.

Kleinknecht (1981) attempted to rescue the Mensch theory by
the use of a new and apparently more recent and comprehensive
list of innovations. Unfortunately, however, the book (Mahdavi
1972) containing this list is a compllatlon based on a series of earlier
studies of innovation completed at various dates in the 1950s and
1960s. This is the only possible explanation of the fact that the last
major drug innovation listed by Mahdavi (and Kleinknecht) is in
1948, when most other sources agree that there were many import-
ant drug innovations in the 1950s and 1960s (chlorpromazine,
tetracyclines, the pill, paracetamol, librium, valium etc.), and indeed



50 MENSCH’S THEORY OF ‘BUNCHING’ OF BASIC INNOVATIONS Y

hardly any innovations are listed in any branch for the 1960s except
in scientific instruments, where it is obvious that Mahdavi had access
to a more recent study.

Thus the use of the Mahdavi list is actually open to exactly the
same basic criticism as the use of the Jewkes and Schmookler lists
_ serious under-estimation of the innovations of the 1950s and
1960s, except in one category. Kleinknecht divides the list of 120
innovations into product innovations, improvement and process
innovations and - scientific instrument innovations. He bases his
analysis on this classification and claims that the results of his
testing show a very strong confirmation of the Mensch hypotheﬁis
for product innovations in depressions but rather weak support
for the idea of bunching of process innovations in prosperity
periods. Whilst this attempt to refine the original Mensch approach
is welcome, there are great difficulties in categorizing and separating
product from process innovations and there must be reservations
about his separation of scientific instrument innovations from the
rest. Mahdavi’s data show a strong bunching of instrument innova-
tions in the 1950s and 1960s. However, it could be argued that
scientific instruments are just as much an industry as any other
even though they do have special links with the R and D network.
If instead of being separately classified they are added to either
of the other two groups separately distinguished by Kleinknecht
— whether the product category or the process category of innova-
tions — then they greatly modify his results. In the first case they
upset the 1930s bunching of product innovations because they
cluster in the 1950s and in the second case they greatly strengthen
the purely statistical evidence of a bunching of process innovations
in the prosperity periods (1950s and 1960s), which he claims as
otherwise only weakly supported by the Mahdavi data. The second
result is particularly interesting in considering the strong evidence
of the progress of automation in many industries in the 1950s,
1960s and 1970s, based on the introduction of novel process instru-
mentation associated with computers.

Van Duijn (1981), like Graham and Senge (1980), puts the emphasis
on the bunching of innovations in the early recovery phase from a
deep depression and accepts that the depressions themselves might
actually have at least a temporary retarding effect on basic innova-
tions. He also suggests that basic process innovations may tend to
cluster later in the cycle and produces some evidence to support this
view. Together with other refinements this secems a more acceptable
version of the original Mensch theory, although it too remains to be
more adequately tested with a larger sample of innovations.
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In the Science Policy Research Unit we are attempting to develop
a more systematic data bank on innovations, to enable a more
thorough analysis of long-term trends. With the aid of a grant from
the Joint Committee of the Science and Engineering Research
Council and the Social Science Research Council, Townsend et al.
(1981) have assembled information on more than 2000 innovations
in about 60 per cent of the manufacturing industries of the UK.
With their help and that of many technical experts in each of the
relevant industrial branches we have distinguished about 200 radical
innovations between 1920 and 1980 and dated them according to
the first date of commercial application in the UK. The results are
shown in Figure 3.1. It must be emphasized that they are provisional,
T:hat they cover only 60 per cent of industry and that the work is still
in process.

As the graph shows, there was indeed a peak of innovation activity
in the recovery period from the great depression in the late 1930s,
but there was also a substantial continuing flow of radical innova-
tions during the 1950s and 1960s, with a slight tendency for process
innovations to increase more than product innovations. Finally
our results do permit some confirmation of Mensch’s theory of
‘technological stalemate’ — a decline of basic innovations, when the
peak of the long wave expansion has passed. There is a marked fall
in basic innovations both in the 1920s and the 1970s. However,
the reservation must be repeated that any analysis of recent radical
innovations probably underestimates them, because it may not be
possible to assess their importance until later.

3.2 Depression as an accelerator mechanism for innovation?

We now turn to the second main point in the Mensch theory — the
notion of an accelerator mechanism operating to reduce innovation

-lead times during periods of depression.

' Figure 3.2, reproduced from Mensch (1975), shows the inven-
tion year plotted against the lead time from invention to innova-
tion for the list he distilled from Jewkes et al. All these cases are
estimated by Mensch to have become innovations between 1909
anc.i 1955 inclusive. From the way the diagram is drawn, all the
points representing innovations between 1909 and 1955 must
lie between the dashed lines we have added to the diagram: the
fafzt that two points lie outside these limits is apparently due to an
arithmetic error in calculating the lead times for two types of cotton-
picker (see Mensch 1975, Table 4.4). This diagram is then used by
Mensch not only to support the idea of a ‘bunching’ of innovations
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in the depression of the 1930s, but also to illustrate the effect of
the ‘accelerator’ mechanism over that same period which drastically
reduced innovation lead times.* In Figure 3.3 we have constructed
a similar diagram on the basis of our estimates of the invention/
innovation dates of the inventions discussed by Jewkes et al. This
differs from Figure 3.2 in that:

(a) in some cases our estimates diverge from those of Mensch
— these differences are listed in Table 3.1 part (a);

(b) we have included those innovations excluded in Mensch (1975)
but included in Mensch (1971) Table 3.1 part (b);

(c) we have also included additional case histories covered in the
second edition of Jewkes et al. (Table 3.1 part (c)).

*To assess the validity of these hypotheses, it is important to understand how the
diagram is constructed. For any invention, the corresponding innovation will, by definition,
occur T years later, where T is the lead time represented on the vertical axis. Consider,
for example, the invention of the gyrocompass — the point arrowed in Figure 3.2, made
according to Mensch in 1827 with an eighty-two-year lead time. The innovation year
(1827 + 82 = 1909) is the point where a line drawn in a south-easterly direction from the
arrowed invention point on the diagram crosses the horizontal axis. Hence by definition,
no points can lie outside the dashed lines drawn in Figure 3.2.

More formally, for a particular innovation, let £, denote the year of invention, ¢, the
year of innovation and T = (t, —t,) the lead time. The co-ordinates of the point on the
diagram’ representing this innovation are (¢, ¢, — ¢,). The equation of the ‘south-casterly’

line (i.e., the line of slope —1) is y = — x + ¢, where the constant ¢ can be found by sub-
stituting x = &, y = &, — &, since the line must go through this point. This gives ¢ = &,
so the line is ¥ = —x + t,. It hence crosses the horizontal axis (y = 0) at x = ¢,, the innova-

tion year.
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With regard to the ‘bunching’ hypothesis, it is clear that a dis-
proportionately large number of innovations fall in the 1930s
(i.e., lie between lines with negative 45 degree slopes drawn from
1930 and 1940). However, we have already pointed out the un-
suitability of the Jewkes et al. list for the purpose of testing Mensch’s
bunching hypothesis. In addition, we shall now argue that there
is little evidence that those basic innovations that did fall within
the period of depression were in fact induced by adverse economic
circumstances.

The ‘acceleration’ hypothesis (i.e., the notion that lead times are
reduced in periods of depression) would be reflected in these dia-
grams by a preponderance of points to the left of the solid diagonal
lines in the upper parts of the diagrams, and a similar clustering to
~ the right of this line in the lower parts. This would mean, for ex-
ample, that in the earliest part of the twentieth century a dispro-
portionate number of innovations had a comparatively long lead
time, with an overall reduction in this lead time as the century
wore on. It is clear that this hypothesis is very poorly supported
by Figure 3.3; in Figure 3.2 its support depends to a great extent
on the single point arrowed, representing the gyrocompass which,
we believe, has been allocated an unrealistically early invention
date by Mensch. Thus we regard the data of Jewkes et al. as pro-
viding no evidence of the ‘acceleration’ hypothesis, and, while
superficially supporting the ‘bunching’ hypothesis, as unsuitable
evidence for the conclusions that Mensch draws.
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But even if the data were more reliable, simply to domonstrate that
a ‘bunch’ of basic innovations precedes or follows an upswing or
a downswing in a long wave or any other fluctuations in the eco-
nomy does not in itself elucidate any causal mechanism which
may be at work, even if (as Mensch maintains) the statistical prob-
ability of some association is extremely strong. To establish that
depressions induce basic innovations or that booms may lead to
a ‘crowding out’ of basic innovations or vice versa, or to demon-
strate that a bunch of basic innovations could be one of the factors
stimulating a long wave upswing, or to validate any other hypothesis
about the reciprocal relationship between economic fluctuations
and innovations, it would not only be necessary to collect good
statistics and use them well, but also to show by the evidence of
case studies that business (or government) behaviour was indeed
influenced in the manner postulated by the theory.

Everyone accepts (including Mensch) that the gestation period
for technical and commercial development of a basic invention
varies a great deal depending upon the complexity of the problems,
the resources committed to their solution, the efficiency of the
R and D team, the quality of entrepreneurship, exogenous scientific
and technical advances, competitor behaviour, the state of the
potential market, legislation, the patent position, management
decisions and so forth. Everyone agrees again that for basic innova-

tions the gestation period may often be long — as much as 10-100

years. It is difficult to measure exactly because of the untidy and
uncertain nature of innovation in general — projects may change
their objectives as they go along as a result of unexpected discoveries;
projects dropped by one individual or firm may be taken up by
another; an innovation which has apparently failed in one field of
application may be successfully launched in another and so forth.

To go through all the case histories of basic innovations of the
past sixty years and check them for the operation of a ‘depression-
induced accelerator’ mechanism would be a very time-consuming
exercise. However, a preliminary test can be made from the case
studies of Jewkes et al. from which Mensch drew up his list. None
of the case studies mention that the depression of the 1930s in-
fluenced the decision making of innovators in a positive way, whether
by the initiation of a new development project, by the acceleration
of an existing project, by the earlier-than-expected launch of an
innovation or by taking a completed or nearly-completed project
‘off the shelf’. On the other hand no fewer than ten of the case
studies (penicillin, hot-strip rolling, jet engine, radar, rockets, shell-
moulding, silicones, titanium, tungsten carbide and computers)
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suggest positive effects on decision taking associated with strong
demand in the recovery and prosperity phases, mainly rearmament
and war but also the vehicle boom of the 1920s.

For example Jewkes et al. (1969) wrote that ‘The outbreak of
war stimulated the development of silicones to the production
phase’ (p. 298). Similar factors obviously applied in the case of
radar and rockets (both dated by Mensch in the 1930s) and also
to many synthetic materials, especially rubbers, and to penicillin.
In the case of the influence of peace time demand the study of
continuous hot strip rolling (1923) is interesting and Jewkes says
that ‘Hook was convinced that Tyne’s ideas were sound and thiat
the time was ripe to introduce them in view of the ever-increasing
demands from the automobile industry for steel sheets’ (p. 242).
Two of the case studies mention the negative effects of depression

on decision making (cotton-picker and power steering). Of the case .

of power steering Jewkes et al. say that ‘the depression caused
General Motors to abandon in 1933 their plans to introduce power
steering’ (ibid., p. 282). General Motors were not the first innovator
in this field but as Mensch is counting this in his 1930s ‘cluster’,
it would have to be explained in terms of the vehicle boom of the
1920s rather than the Depression of the 1930s.

There must be serious reservations, anyway, on the extent to which
the acceleration of the gestation process of development is effective.
Certainly there is some trade-off between cost and time, and military-
crash projects have sometimes concentrated resources of high quality
more quickly than would otherwise have been the case. However,
clearly there are other cases where despite the best efforts of R and
D teams specific technical problems could not be resolved. The ‘cure’
(or cures) for cancer and other malignant diseases are obvious cases
in point. In these cases the limiting factor is not the availability of
money or R and D resources, but the limitations of fundamental
scientific knowledge. Basic research is an even more uncertain and
unpredictable process than experimental development work and
sometimes it is very hard to hurry it up. On the other hand, once a
fundamental breakthrough is achieved it may open the flood-gates to
a very large number of new technical developments. As we shall
argue in Chapters 5 and 6, this seems to have been the case with
macro-molecular chemistry in the 1920s through the work of
Staudinger and Carothers, and with solid state physics in the 1940s
and 1950s. It may also be the case with biotechnology at the present
time. Consequently, we would disagree with Mensch totally in his
rejection of the link between basic science and technology as one of
the important mechanisms leading to the bunching of innovations.

G e e e
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This preliminary screening of the Jewkes et al. case studies is not
a conclusive test or refutation of the hypothesis. The studies are
highly condensed and more concerned with the personal experiences
of the inventor and the technical problems of the innovation than
with the influence of general economic conditions. However, if
depression is as strong an accelerator mechanism on innovation. as
Mensch suggests, then at least some pale reflection of this mechanism
would have been present in these summary case studies instead of
the opposite. The fact that ten of the studies (eight of which Mensch
includes in his list) mention in one way or another the positive
effects of strong demand during rearmament, wartime and/or the
prosperity phase suggests at least a prima facie case for the alterna-
tive hypothesis that this was a more important inducement mech-
anism than depression.

Chapter 2 has already made clear that we do not favour a simple
demand-led theory of invention and innovation and we are not
suggesting that only ‘carrots’ are effective in relation to basic innova-
tions and that ‘sticks’ play no part. Actual or expected shortages
have been demonstrably important inducement mechanisms for
basic innovations in materials and energy and these may be con-
strued as both ‘stick’ and ‘carrot’. It can also be argued plausibly
— as for example by Downie (1958) in a totally different context —
that the ‘stick’ of failure or prospective failure in existing product
lines should induce firms to attempt innovations. Since this stick
will beat more people during a deep depression than at any other
time, it could conceivably operate in the way which Mensch suggests.
However, as against this the risks of radical innovative behaviour
must appear even greater than usual during a deep slump.

Whilst accepting the point about the high risks of innovation
during depression, Kleinknecht (1981) argues that the risks of not
innovating may be even greater since some firms will be confronted
with a situation where they cannot continue with their old product
range. Rien ne va plus. They must either innovate or perish.

3.3 Long-term fluctuations in patents, inventions and R and D

The motives for innovation are many and varied and so are the
opportunities. The most radical innovations depend in any case on
rather unusual decisions. We know for sure that some basic innova-
tions do occur at all stages of the medium- and long-term business
cycles. Whether they will tend to occur rather more frequently
during depressions cannot be determined by purely theoretical
arguments about the balance of risks and the empirical evidence,
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although still inadequate, does not convincingly support the Mensch-
Kleinknecht hypothesis.

There is however one further piece of relevant empirical evidence
which does have a bearing on the controversy. Although we do not
have comprehensive statistics of innovations, we do have more
satisfactory statistics of inventions (patent statistics) and of R and D
activities in industry. These are only indirectly related to innovation
since the time lags between invention and innovation are variable
and often long, and whilst the D (or development) part of R and D
is directly concerned with innovation, the incidence of basic innova-
tions (or evéen of minor innovations and technical improvements)
cannot be deduced from fluctuations in development expenditures,
However, variations in R and D activities and inventive activities
may provide clues about the way in which firms respond to de-

pressed business conditions. If there were evidence that firms re-

sponded to depression by stepping up their R and D activities,
and increasing their applications for patent protection, then this
would provide rather strong support for the Kleinknecht view of
firm behaviour, even though these activities could not be directly
related to the ‘output’ of basic innovations. :

If, on the other hand, the empirical evidence suggests that firms
respond to depression by cutting back on their research, inventive
and technical development activities generally, then this must cast
further doubt on the hypothesis of depression-induced accelera-
tion of basic innovation, even though no direct and immediate
relationships can be demonstrated and both basic inventions and
basic innovations might still fluctuate independently and increase
during depressions. What then is the evidence on the long-term
trends in R and D activity and patenting?

During the post-war period it was often assumed that scientific
and inventive activities were less vulnerable to the downswings of
short- and medium-term business cycles than investment outlays.
Generally speaking R and D expenditures for the OECD countries
showed a strong and steady upward trend in the 1950s and 1960s,
apparently little affected by short-term fluctuations. Whilst
in the late 1960s there was a slowing-down of the previously very
high rate of growth of these indicators, they still appeared to be
little affected by business cyclical patterns. This was usually ex-
plained in terms of a recognition by firms of the essentially long-
term nature of R and D and the need for stability in this sort of
programmed activity. Whereas outlays for new machinery, vehicles
and plant could be and were postponed or brought forward in
response to changing business expectations, it was believed to be

-
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less sensible and less necessary to expand or contract R and D in
response to the same pressures. Consequently, whereas investment
pehaviour occupies a central place in almost all theories of the
business cycle, and indeed is the principal determinant of the cycle
itself in many such theories, R and D behaviour is usually ignored.
This must be qualified by the observation that R and D statistics
only recently became generally available and that even now they
are not always annual. The relative stability of R and D outlays
during the ‘recessions’ of the 1950s and 1960s, moreover, does
not mean that they are unaffected by deeper disturbances. Indeed,
although we do not have comparable annual series for the pre-
war period, there is very strong evidence that company outlays for
R and D were significantly reduced during the depth of the de-
pression from 1931 to 1934 in the leading industrial countries.
Terleckyj (1963) reports a fall of more than 10 per cent in R and D
in industry in the USA over this period. Furthermore, there is now
additional evidence that in the more serious recent recessions of
the 1970s and early 1980s R and D behaviour has been more
affected than in the minor fluctuations of the previous twenty
years. How about patents?

Figure 3.4 shows the total number of patents applied for and
granted in the USA for the period from 1840 (year of the Patent
Law) to 1979. The diagram suggests that variations in the number
of patent applications have tended to coincide with overall long-
term economic fluctuations. With an average of a four-year time
lag (up to the 1960s, the average time needed for the Patent Office
to examine and issue a patent was about four years) the evolution
of the number of patents granted shows the same kind of behaviour.
The steep fall in the early 1930s in patent applications coincides
most clearly with the Great Depression. The levelling off in the
1970s in patent applications is also noteworthy.* The graph shows
the effects of both World War 1 (1918) and World War II (1941-2).
Overall, and despite the relatively weaker evidence for the 1875-84
depression (which was in any case relatively insignificant in the USA
compared with Europe), Figure 3.4 tends to support the view that
deep depressions lead to a serious reduction in inventive activity.
It does not of course provide an answer to the question of the
possible fluctuations in radical or fundamental inventions.

*The sudden decline in 1979 in the number of patents granted does not signal any
dramatic fall-off in technological activity, but merely a shortage of resources for printing
in the USA Patent Office. The general trend in the number of patents applied for and
granted in the USA is, however, somewhat inflated for the most recent period, in particular

from 1960 onwards, because of the very rapid growth of foreign patenting in the USA,
primarily as a result of the increased international diffusion of technology.
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The advantage of patent statistics is that they provide readily
available information over a rather long period which can be easily
classified by year and is not affected by changes in relative prices.
A more important advantage is however that they have been col-
lected and examined over all these years by the same official agency,
generally speaking a Patent Office. Moreover, from 1734 onwards
all patents issued in the UK have a specification describing the
invention in full. It is on the basis of these specifications that an
attempt was made by Baker (1976) of the British Library to select
‘significant’ inventions. Baker’s method consisted of identifying
first ‘significant’ subjects, for which the most important inventions,
in terms of the major patents, could then be identified. These ranged
from the Addressograph to zip fasteners, and constitute, in our view,
a rather coherent and comprehensive sample of the major inventions
of the last two centuries. For a number of subjects, Baker also
identified some specific subclasses; for example, in the case of radio
valves and microwave tubes, the diode, triode, pentode, variable mu,
klystron, cavity magnetron, and travelling wave tube subclasses were
also considered. Including these subclasses, some 400 different
major subjects were identified for which information, including the
exact year, concerning the first patent on the subject, and what we
would call the master and the key patents, was given. The master
patent is defined as ‘the first to be economically viable’ (Baker 1976,
p. 15), while key patents refer to the most important patents in
relation to each specific subject. The total number of patents covered
by Baker’s analysis was about 1000 and covered the period from
1691 to 1971.

On the basis of this information, ten-year moving averages of the
master patent data and the key patent data for the period from 1775
to 1965 are plotted in Figure 3.5. The evolution of the number of
first patents was practically identical to the master patent evolution
(r = 99.7 per cent) and has not been drawn here.

A number of points emerge from Figure 3.5. First, the evolution
of the number of key patents is very similar to the evolution of the
number of master patents (» = 97.7 per cent). The major difference
relates to the most recent period, understandably a period for which
it is rather difficult to judge what will become ‘master’ patents.
‘The close correlation between the three patent concepts suggests
however that the criteria for selecting key patents as used by Baker
is relatively reliable. Secondly, despite the steady increase in the
number of inventions over time, the data support the view that
‘clustering’ of basic inventions takes place, and that the evolution
over time of such inventions as measured by numbers of key or
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master patents, is not characterized by a linear trend. Thirdly, it

seems possible to identify a ‘clustering’ of major inventions in
various phases of the long wave, including depressions (clusters
2 in periods 1874-89 and 1928-36), prosperity phases (clusters in
® periods 1897-1903 and 1956-61), and war (1806-15). There does
not therefore appear to be clear prima facie evidence that the
observed clustering is unambiguously related to particular economic
circumstances, whether favourable or adverse.

While these data are highly imperfect, they probably are among
the best available and the trends they suggest are grosso modo
inconsistent with the overall patent evolution as illustrated in
Figure 3.4. This confirms the importance of examining data on
‘significant’ inventions and innovations rather than merely aggre-
gate data.

Summing up a rather complicated discussion we conclude the
following:

S eoo----o--MASTER
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(i) Basic inventions do show a tendency to cluster at certain periods,
including a big cluster in the early 1930s, but these clusters are
apparently not systematically related to depressions.

(ii) Neither does the available evidence consistently support the
Mensch-Kleinknecht theory of heavy clustering of basic innova-
tions in periods of deep depression, although there is some evidence
of a cluster in the late 1930s.

(iif) Nor does it support the acceleration hypothesis of reduced
lead-times for innovations launched in deep depressions.

(iv) There is however evidence of a falling off in basic innovations
at the tail-end of long booms.

(v) Firms tend to reduce both their R and D activities and their
patenting during the more severe depressions.

But in rejecting the Mensch theory have we not cut the ground from
under our own feet and destroyed also the argument in favour of
Schumpeterian discontinuities in the innovation process? We do not
think so but hope rather that we can now put the whole argument
on a more secure foundation, which we attempt to develop in the
following chapters.

Fig. 3.5 Significant patents, 1764-1969 (ten-year moving averages)
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4 ‘NEW TECHNOLOGY SYSTEMS’: AN ALTERNATIVE
APPROACH TO THE CLUSTERING OF INNOVATIONS
AND THE GROWTH OF INDUSTRIES

In Chapter 3 we criticized Mensch’s theory of clustering of innova-
tions through depression-induced acceleration of the gestation
period between basic inventions and basic innovations. In this
chapter we shall attempt to develop an alternative theory which
places greater emphasis on the role of scientific discoveries, on
the technical and social inter-relatedness of ‘families’ of innova-
tions and on the many follow-up innovations made during the
diffusion period. We call these clusters ‘new technology systems’,
because although they are associated with the rapid growth of
one or more new industries, they often also have wider effects
on other industries and services.

4.1 Clusters of innovations and the diffusion of innovations

We would expect to find a considerable variety of clustering pro-
cesses and the phase of the long wave would in our view be only
one of the influences on this clustering, Others would be new de-
velopments in fundamental science, particular breakthroughs in
technology, wars and preparation for wars, marketing and organ-
izational developments within the system of production and dis-
tribution, and finally the ‘natural trajectory of technologies’,
discussed by Rosenberg (1976), Nelson and Winter (1977) and
Dosi (1982). This does not mean abandoning the Schumpeterian
notion of a reciprocal association between innovation and long-
term economic fluctuations, but the nature of this relationship
is more complex and untidy than a clustering of a large number
of ‘basic innovations’ in particular decades every half century or so.
In enumerating and studying clusters of innovations it is essential
to take on board Keirstead’s (1948) point about innovations of
‘limited adaptability’ and innovations of ‘wide adaptability’ and
his point that for the latter group the links between related innova-
tions are scientific, technical and economic. We are interested in
‘constellations’ of innovations which have a relationship to each
other and not just in the more or less accidental statistical grouping
of the innovations of a particular year or decade. The important

NEW TECHNOLOGY SYSTEMS 65
henomenon to elucidate if we are to make progress in understand-
ing the linkages between innovations and long waves is the birth,
growth, maturity and decline of industries and technologies. The
introduction of a major new technology into the economic system
can take a matter of decades and affect many industries but the
process has cyclical aspects which can give rise to long wave phe-
nomena. In Chapter 5 we shall try to illustrate these points with
respect to macro-molecular chemistry and the plastics industry,
and in Chapter 6 we shall illustrate them with respect to electronics
and its many applications. .
In - concentrating attention on the statistical aspects of enumer-
ating ‘basic’ innovations and relating them to big depressions, Mensch
has actually missed the main point of Schumpeter’s theory on the
reciprocal effects of innovation and the state of the economy. The
macro-economic effects of any basic innovation are scarcely per-
ceptible in the first few years and often for much longer. What
matters in terms of major economic effects is not the date of the
basic innovation (important though this may be for other purposes);
what matters is the diffusion of this innovation — what Schumpeter
vividly described as the ‘swarming’ process when imitators begin
to realise the profitable potential of the new product or process
and start to invest heavily. This swarming may not necessarily
occur immediately after a basic innovation although it may do so
if other conditions are favourable. In fact, it may often be delayed
for a decade or more until profitability is clearly demonstrated or
other facilitating basic and organisational innovations are made,
or related social changes occur. Once swarming does start it has
powerful multiplier effects in generating additional demands on
the economy for capital goods (of new and old types), for materials,
components, distribution facilities, and of course labour. This,
in turn, induces a further wave of process and applications innova-
tions. It is this combination of related and induced innovations
which gives rise to expansionary effects in the economy as a whole.
We agree wholeheartedly with Rosenberg’s point (1976, Chapter
11) that the diffusion process cannot be viewed as one of simple
replication and carbon-copy imitation, but frequently involves a
string of further innovations — small and large — as an increasing
number of firms get involved and begin to learn new technology
and strive to gain an edge over their competitors. None the less it
is this diffusion, with or without further innovations and improve-
ments, which alone can give rise to significant economy-wide effects
on the pattern of investment and employment. Consequently, it
will sometimes be the case that the basic innovations which have
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a major impact in a particular long upswing will actually first have
been made in a different Kondratiev cycle altogether. This will apply
a fortiori to the international diffusion of technology. Everyone
who has studied detailed case histories of innovations is familiar
with the long gestation periods and false starts which often occur,
The controversy illustrated in Table 3.1 in the previous chapter
clearly demonstrates this point.

From this standpoint the date of a particular basic innovation
(or series of basic innovations) is less important than the interaction
of a cluster of innovations or a social change which permits a market
to grow rapidly or large amounts of capital to be raised and invested.
Historians may argue for a long time about when to date ‘railways’
as a ‘basic innovation’ — whether it was 1829, 1825, 1817 or even
earlier because of the railways in the mines. But the important
phenomenon was the railway building boom in the second half
of the century (although there were important national variations)
and the construction of national railway networks, with their enorm-
ous demands on the iron and steel and engineering industries, on
available investment resources, on construction labour, on engineer-
ing skills and the many additional innovations made in the course
of this expansion.

Thus the set of innovations which are diffused and exploited
during a Kondratiev upswing will not only be those of the immedi-
ately preceding depression, but will comprise some made earlier,
some made during the depression and some during the recovery
and upswing itself. This explains why we would attach rather less
importance to the statistical clustering of basic innovations and
much more to their linking together in new technological systems.
However, depressions may help to bring about big changes in the
social and political climate (as opposed to business behaviour in
firms) and these in turn may generate conditions that are more
favourable in the recovery phase, both for new basic innovations
and for the swarming process around older basic innovations that
may have been introduced at various times but are only able to
flourish when the necessary social environment favours their rapid
adoption. This may be occurring now in relation to the social and
political conditions affecting telecommunications and information
technology.

Mensch has been looking at the wrong ‘swarms’. Surprisingly,
when he speaks of the ‘bandwagon’ effect in relation to a cluster
of basic innovations (1975, p. 193), he is apparently not talking
about Schumpeter’s ‘one-sided rushes’ of firms anxious to jump
in and get above-average profits in a rapidly growing new branch
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of industry, he is talking about a disparate set of basic innovations.
It is very hard to see in what sense the originally quite separate
Jaunch of helicopters, television, tetra-ethyl lead, titanium, etc.
in the mid-1930s could constitute a ‘bandwagon’ in any normal
meaning of the term. The swarms which matter in terms of their
expansionary effects are the diffusion swarms after the basic innova-
fions and the swarming effects associated with a set of inter-related
basic innovations, some social and some technical, and concentrated
very unevenly in specific sectors. '
The bandwagon effect /s extraordinarily important — in our view
it is the main explanation of the upswings in the long waves. It is
the steep part of the ‘S-curves’ characteristic of many diffusion
rocesses, not the relatively 'flat piece of the curve which often
follows the basic innovation for a few years. The bandwagon effect
is a vivid metaphor and it relates to a rapid diffusion process which
occurs when it becomes evident that the basic innovations can
generate super-profits and may destroy older products and pro-
cesses. The big-boom phase of the post-war Kondratiev could be
described as the roughly simultaneous rolling of several new tech-
nology bandwagons; for example, the computer bandwagon, the
television bandwagon, the transistor bandwagon, the drugs band-
wagon and the plastics bandwagon were all rolling fast in the 1950s
as well as some other bandwagons like consumer durables. These
tend to harmonize partly because profit expectations and market
expectations more generally will all tend to favour the expansion
of new industries.

It follows from this that the discontinuities that most interest
us are something more than statistical fluctuations in numbers of
discrete basic innovations and more, too, than variations in the rate
of diffusion of such innovations — although we think that these
are certainly important. Even if it is granted that the S-curve pattern
. is characteristic of many innovation diffusion patterns, in principle

there is no reason why these should be synchronized to generate
major fluctuations in the economy as a whole. If the S-curves were
randomly distributed for a fairly large number of discrete basic
innovations, and if, too, the shape of the curves varied quite a lot,
then there might be a series of ripple effects in the larger economy
but there would not have to be big waves.

Big wave effects could arise either if some of these innovations
were very large and with a long time span in their own right (e.g.,
railways) and/or if some of them were interdependent and inter-
connected for technological and social reasons or if general economic
conditions favoured their simultaneous growth. Thus we are interested
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in what we shall call ‘new technology systems’ rather than hap-
hazard bunches of discrete ‘basic innovations’. From this standpoint,
which we belicve was essentially that of Schumpeter, the ‘clusters’
of innovations are associated with a technological web, with the
growth of new industries and services involving distinct new group-
ings of firms with their own ‘subculture’ and distinct technology,
and with new patterns of consumer behaviour. Schumpeter spoke
of the first Kondratiev as based on a cluster of textile innovations
and the widespread applications of steam power in manufacturing,
the second as the railway and steel Kondratiev, and the third as
based on electricity, the internal combustion engine and the chemical/
industry. In later chapters we shall describe some of the main tech-
nological systems associated with the fourth (post-war) Kondratiev. -

4.2 Diffusion theory

Here, it is important to note an important development in ‘diffusion’
theory. During the 1960s a ‘standard model’ of diffusion of innova-
tions was developed by Mansfield (1961) and others, emphasising
the role of profitability for potential adopters, the scale of invest-
ment required for adoption and the learning process within the
population of potential adopters as the key determinants of the
diffusion or adoption process. This model, although very useful for
many purposes, neglects changes in the environment during the
process of diffusion and changes in the innovation itself during
that process. In the twenty years since the development of this
model a good deal of empirical work on diffusion of innovations
has provided a better basis for generalization in this previously
neglected area.

In a seminal paper Metcalfe (1981) has pointed out that the role
of profitability for suppliers (as opposed to adopters) is ignored
in the ‘standard’ model, and so, too, is the influence of secondary
innovations affecting profitability both for suppliers and adopters.

Gold (1981) and Pavies (1979) . . . have argued that observed diffusion paths
primarily reflect changes in the innovation and adoption environment rather
than a process of learning within a static situation. As Gold observes, the stand-
ard diffusion model rests on the implicit static assumption that the diffusion
levels reached in later years also represent active adoption prospects during
carlier years. . ..

The demonstration of profitability for suppliers is just as import-
ant as the demonstration of profitability for adopters, as only this
will normally induce the expansion of new capacity and skills neces-
sary to sustain a rapid adoption process. Emphasis on the role of
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‘change agents’ is in this respect more realistic than the predomin-
antly demand-oriented standard economic model.

In Schumpeter’s model the profits realised by innovators are
the decisive impulse to surges of growth, acting as a signal to the
gswarms of imitators. The fact that one or a few innovators have
made exceptionally large profits does not mean, of course, that all
the imitators will do so. It is enough that they hope to, or even
that they hope to make a fraction of them. Nobody else made
such profits from nylon as Du Pont or such profits from computers
as IBM. Indeed some would-be imitators made losses. This is an
essential part of the Schumpeterian analysis. As the bandwagon
begins to roll profits are competed away and some people fall off
the wagon. Schumpeter himself stressed that changing profit ex-
pectations during the growth of an industry are a major determinant
for the sigmoid pattern of growth. As new capacity is expanded,
at some point (varying with the product in question), growth will
begin to slow down. Market saturation and the tendency for tech-
nical advance to approach limits, as well as the competitive effects
of swarming and changing costs of inputs, may all tend to reduce
the level of profitability and with it the attractions of further in-
vestment. Exceptionally, this process of maturation may take only
a few years, but more typically it will take several decades and
sometimes longer still. The effects of saturation of consumer de-
mand are discussed further in Chapter 7; here we pursue the argu-
ment mainly in relation to supply.

In his own new model of the diffusion process, Metcalfe is con-
cerned to redress the balance between the demand side and the
supply side. He incorporates into his model the profitability of
the innovation for suppliers (as well as for adopters), and the growth
of capacity on the supply side, which are ignored in the earlier
standard adoption models. In this, and other, ways he is forging a
link between modern diffusion research and the earlier work of
Kuznets (1930), Burns (1934) and Schumpeter (1939) on the
patterns of industrial growth. The emphasis shifts from the model
of the isolated diffusion path of each discrete unchanging innova-
tion to a succession of related innovations associated with the
emergence, growth, maturity and (sometimes) decline of an in-
dustry. This carlier research now being re-discovered had also
stressed the role of profitability for suppliers and had pointed to
a combination of factors which would ultimately tend to retard
growth and erode profit margins, thus giving rise to cyclical patterns
extending over decades rather than years. Among these factors
were market saturation, the extent to which the Innovation was
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competitive with existing product lines (or complementary to
them), inelasticities in the supply of inputs — some of which might
be prolonged and tend to raise costs — and the pattern of induced

secondary innovation. The impact of incremental technical im-

provements would tend to diminish gradually in accordance with
Wolff’s Law.*

4.3 Diffusion, process innovation and social change

From what has been said it is evident that we would expect radical
or basic innovations to be spread rather more at random over various
phases of the long wave (Figure 3.1) than either Mensch or van Duijn.

Nevertheless, so far as a particular industry is concerned we would -

accept the general point made by them — and more systematically
by Abernathy and Utterback (1978 and 1979) and Sahal (1980)
— that there is a tendency for the pattern of innovation to shift
over time through a life cycle from products to processes (strongly
associated with economies of scale as an industry matures) and
ultimately to process and product improvements of a relatively
minor variety.

So far we have tried to insist that what matters from the stand-
point of large-scale economic fluctuations is not so much the date
of a particular basic innovation as a constellation of circumstances
favourable to the exceptionally rapid growth of one or more new
industries, each involving the combination of a number of related
inventions, innovations and economic and social changes. We would
now insist furthermore on the vital importance of Schumpeter’s
point about managerial and organizational innovations. These may
often be just as important as the technical changes for the growth
of an industry or technology. Thus, for example, many applications
of the steam engine required the reorganisation of production on
a factory basis, which was an extremely painful and difficult social
change at the time. Some of the applications of robotics and micro-
electronics, both in manufacturing and service industries, may
similarly require extensive social changes. These are likely to be
spread over decades rather than years.

The adoption of many new electronic information systems, such
as tele-shopping and tele-banking, will depend on institutional and

*Wolff’s Law: Wolff was a German economist who in 1912 published four laws of
retardation of progress’. Essentially he argued that the scope for improvement in any
technology is limited, and that the cost of incremental improvement increases as the tech-
nology approaches its long.run performance level. Widely referred to in the retardation

literature of the 1930s (see, e.g., S. Kuznets, Secular Movements in Production and Prices,
Houghton Miflin, 1930, Chapter 2).
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legal changes, standards and other major government decisions in
regional telecommunications investment. The social and political
climate in particular countries at particular times may or may not
be especially hospitable to these types of social and organizational
change. The capacity for social innovation is very variable and in
addition to the capacity to generate and launch a particular group
of technical innovations this must surely be one of the main reasons
for the changing locus of technological leadership in the various long
waves, to which Ray (1980) has so rightly drawn attention and
which we take up in Chapter 9.

The capacity for social change and innovation was rather high
in England. in the eighteenth and nineteenth centuries (although
bought at a price in working class suffering whose aftermath is
still with us). The development of the first major railway network
in the world involved not just the invention and innovation of the
railway locomotive (which had occurred long before) but a whole
series of other inventions and innovations affecting the mechanical
engineering industries and the iron and steel industries, as well
as necessitating changes in the capital market, in legislation and in
the training of a skilled labour force. It seems that the capacity of
the Japanese to introduce applications innovations and the related
social and organizational changes is (for very different reasons)
rather high in relation to micro-electronics, robotics and biotech-
nologies. This might give them a leading role in any new upswing
of the world economy even if they have not made the majority
of basic innovations which may be associated with that upsurge.

A good example of the points we are trying to make is the auto-
mobile industry and Klein (1977) has a nice chapter in his book
on Dynamic Economics which illustrates most of them. The USA
did not lead Europe in the earlier stages of the innovation of the
internal combustion engine or the passenger car — rather the reverse,
in fact. Indeed it was by no means clear that the internal combustion
engine would be preferred to the steam engine or electric engines.
The basic innovation for all three had been made well before the
turn of the century although the actual dates are still a matter of
controversy. Klein points out that in 1900 steam and electric vehicles
accounted for ‘about three fourths of the four thousand automobiles
estimated to have been produced by fifty-seven American firms’
(1977, p. 91). The decisive step which the US firms made (as a
result of the competitive pressures within the industry) was to
reduce the cost of manufacture of the gasoline engine car by more
than 50 per cent within a few years. The price of a Model T fell
from $850in 1908 to $360 in 1916, sales increased by a factor of 50,
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market share increased from 10 per cent in 1909 to 60 per cent in
1921, profits on net worth were sometimes as high as 300 per cent

per annum and the US attained a dominant position in world export

markets. This was indeed ‘fast history’ analogous to the tempestuous
growth of the semi-conductor industry half a century later — with
its similar drastic price reductions, rapid changes in market shares,
sudden profits for innovating firms and world export hegemony
for the leading country until imitators caught up.

The ‘basic innovation’ which enabled Ford to achieve these
dramatic results was, of course, assembly line production. The
date of this innovation was right in the middle of the long-wave
upswing, not in the earlier depression. In one sense it was a purely

organizational innovation, but it both entailed and stimulated a -

great deal of technical innovation:

. once the organisational change was made, the automobile firms found
many opportunities for developing more efficient machines by making them
more automatic. For example, replacement of the vertical turret lathe by a
morc automatic horizontal lathe doubled output per worker. Or to take a more
spectacular example, an automatic machine for making cam-shafts increased

output per worker by a factor of ten, and literally dozens of cases can be found '

in which better machines permitted output per worker to increase by a factor
of between two and ten.

Incidentally, although strongly Schumpeterian in the main thrust
of his argument, Klein casts some doubt on the ‘heroic’ entrepreneur

idea so far as it applied to Ford, quoting the comment of Nevins and
Hill (1954):

It is clear that the impression given in My Life and Work that the key ideas of
mass production percolated from the top of the factory downwards is erroneous:
rather seminal ideas moved from the bottom upwards. To be sure, Ford took
a special interest in the magneto assembly. But elsewhere able employees like
Gregory, Klann and Purdy made important suggestions, Sorensen and others
helped them work out, while Ford gave encouragement and counsel. The largest
single role in developing the new system, however, was played by the university-
trained thinker [Avery] so recently brought in from his school-room.

As we shall see in Chapters 5 and 6, the linkages with university
research were very much stronger in most of the technologies associ-
ated with the fourth Kondratiev, but once the industrial application
of a new technology begins to develop, to a considerable extent it
has its own momentum.
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4.4 ‘Natural trajectories’ of technologies

The expression ‘natural trajectory’ has been coined to describe this
process of cumulative exploitation of new ideas. In their paper
‘In search of useful theory of innovation’ Nelson and Winter (1977)
distinguish various types of natural trajectory, including some which
are specific to a particular industry or product and some which are
of very great general importance such as mechanization. To the
best of our knowledge these authors have not attempted directly
to relate these ideas to ‘long waves’ in the economy as a whole but
they do point out that:

. . . there is no reason to believe (and many reasons to doubt) that the powerful
general trajectories of one era are the powerful ones of the next. For example,
it seems apparent that in the 20th century two widely used natural trajectories
opened up (and later variegated) that were not available earlier: the exploitation
of understanding of electricity and the resulting creation and improvement
of electrical and later electronic components, and similar developments re-
garding chemical technologies . . . it is apparent that industries differ signifi-
cantly in the extent to which they can exploit the prevailing general natural
trajectories, and these differences influence the rise and fall of different in-
dustries and technologies.

Such general processes of technical change as mechanization,
electrification or automation obviously continue over a century or
more, but as Coombs (1981) has suggested the main thrust of their
application may be changing, for example, from transfer applications
to control applications. Nelson and Winter point out that these
very general trajectories of technology are associated strongly with
the exploitation of economies of scale. One could therefore expect
that, as an industry enters upon a period of rapid expansion, fairly
intense efforts will be made to promote innovations which facilitate
the attainment of these economies — as was found in the study of
chemical process plant in the 1960s (Freeman et al. 1968) and in
the semi-conductor industry in the 1950s and 1960s (Chapters
5 and 6). The example of the automobile industry in the USA also
illustrates the point rather nicely. The history of these ‘process
trajectory’ innovations is likely to be imperfectly documented by
comparison with product innovations that are better publicized
and are, in any case, easily accessible to the general public. This is
an important source of bias in innovation statistics. The computer
may appear only once in a list of dates of innovation but its on-
line application in a great variety of process control systems may
not appear at all.

Secondly, although the search for factor-saving technical change
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is a constant feature of the innovative efforts of many industries,
it is likely to be particularly intense in certain circumstances. One

obvious case is the contemporary emphasis on energy-saving tech-

nical innovations, apparently increasingly effective in the case of oil,
although with a time lag which is directly relevant to the discussion.
Another case is the desire to save on imported natural materials
in the event of war or threat of war. In the case of labour costs it
seems possible that the pressure for labour-saving technical change
will be at its most intense during periods of labour shortages and
a steep relative rise in labour costs (ie., at peak periods of pros-
perity). However, becausc of the time lags involved in any such
change of emphasis and the independent application of such innova-
tions, the actual shedding of labour may occur somewhat later.

Thus, although the empirical evidence is still inadequate, major
general natural trajectories, such as mechanization, electrification
or automation may relate to long waves along the following lines.
First, a basic innovation — the steam engine, the electric motor or
the computer — and a small cluster of related basic innovations
create possibilities of revolutionary changes in the methods of

production in a wide variety of industries and services. Firms which"

are producing and designing the new types of capital goods ex-
perience a surge of extremely rapid growth and many new firms
enter these industries (Coombs 1981). Secondly, the other fast-
growing industries of the upswing of the long wave, which are in
a position to do so, make use of these natural trajectories to exploit
economies of scale and to achieve very high rates of productivity
incrcase. The scale of their investment permits large-scale intro-
duction of new technology. Here, we could expect further clusters
of process innovations and instrument innovations, some specific
to particular industries and others of more general importance.
Thirdly, as the sustained expansion generates labour shortages and
inflationary pressures on labour costs, profitability tends to decline
and there is an increasing induced demand for labour-saving tech-
nical innovation throughout the economy, exploiting the potenti-
ality of the most recent general natural trajectories. Applications
here, however, may often be small scale and piece meal because of
existing structures and traditions, and the lack of resources and
skills. Some old-established but declining industries may succeed
in achieving big productivity increases through rationalization and
structural adaptation, accompanied by more investment, but the
full exploitation of the potentiality of major new technologies in

these sectors may often have to await another major expansionary
phase.
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In Chapters 6, 7 and 8 we attempt to show that such a hypqthesis
is supported — not only by the evidence of developme.nts in ‘the
electronics industry, but also by the evidence of changing capital
intensity and differential productivity increases in manufacturing
more generally during the 1960s and 1970s — as we.ll as .by .the
shift from capacity extension type investment to rationalization.
On these lines of argument we could expect further clusters of
process innovation to occur all through the prosperity and stagna-
tion phases of the long wave, although many of them WQulq be
hard to identify since they would constitute special applications
of computers and a variety of instruments.

4.5 New technology, employment and long waves

We now attempt to draw together this rather extended discussion
and relate it to the question of employment (Table 4.1). In the
major boom periods new industries and technological systems
tend to generate a great deal of new employment, as the form that
expansion takes is the installation of completely new capacity
and the building up of associated capital goods industries. Since
the technology is still in a relatively fluid state and standardiz.ed
special plant and machinery is not yet available, the new factories
and plants are often fairly labour-intensive. New small firms may
also play an important role among the new entrants and they tend
to have a lower than average capital intensity.

However, as a new industry or technology matures, several factors
are interacting to reduce the employment generated per unit of
investment. Economies of scale become increasingly important
and these work in combination with technical changes and organiza-
tional changes associated with increasing standardization. The profits
of innovation are diminished both by competition and by the pres-
sures on input costs, especially labour costs. A process of concentra-
tion tends to occur and competition forces increasing attention to
the problem of cost-reducing technical change. This tendency plgys
an important part in the cyclical movement from boom to recession
(or stagflation) and from stagflation to depression.

Hicks (1974), Scitovsky (1978) and others have suggested a
plausible mechanism by which inflationary labour cost pressures
could be generated and transmitted during the boom and stagﬂatllon
phases of a long wave. There will be persistent skill shortages dur.mg
the rapid growth of new technological systems as the generation
and spread of a new technology by definition calls for the dep.loy—
ment of skills which have not hitherto existed or only partially
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existed. Lags in the education and training system are often pro-
longed, and salaries of groups such as electronic engineers, computer
programmers and systems analysts and their equivalents in other

new technological systems will tend to increase more rapidly than

average. Firms in the most rapidly expanding sectors will also tend
to pay above average for ‘conventional’ skills in order to attract
good-quality labour for their new plants. It is not difficult to see
how, in a period of full employment and with the assistance of
‘comparability’ transmission mechanisms and strong union bargaining
power (or without it), inflationary labour cost pressures could be

generated (and sustained because of lag factors) throughout a period

of stagflation.

Here the Marxist tradition in economics and particularly Mandel-

(1972) have made an important contribution to the debate in their
emphasis on the significance of the general rate of profit and the
tendencies which may lead this rate to fall. However, Mandel (and
Kuznets) were incorrect in asserting that Schumpeter’s theory of
the long waves was dependent on a deus ex machina of waves of
entrepreneurial energy and ignored the importance of profit. The
role of profit was built into Schumpeter’s theoretical system by
definition and he saw innovation as the source of a new range of
profit opportunities. However, the ‘competing away’ of profits
during the diffusion of new technologies may well be complemented
by the process which Mandel emphasizes — the tendency for the rate
of profit to fall throughout the system for reasons associated with
the growth of capital intensity and because of greater bargaining
strength of labour following long periods of full employment, and
related inflationary pressures and social changes.

In the fourth Kondratiev, in particular, it may be that the firms
involved in promoting the new wave of technological systems reflect
the more oligopolistic nature of capitalism generally and have been
better able to delay the ‘competing away’ of innovation profits.
Schumpeter already commented on this tendency in the 1920s,
and the strong inflationary pressures during the recession of the
fourth Kondratiev may be explained to some extent by a combina-
tion of this tendency and the stronger pressures on production costs,
including energy and material costs. This point is taken up in relation
to oligopoly and prices in Chapter 7: the extent to which the com-
peting away of profits may be delayed varies from industry to
industry. In the drug industry the strength of patents was one
factor which led to much greater success in maintaining higher prices
and profits, than for example in the electronics industry.

As a result of oligopolistic structures and many other rigidities
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in the system, the period of ‘stagflation’ is likely to combine many
paradoxical features (Kristensen 1981). In particular, surplus capacity
in older declining industries (and even some new ones) is likely to
persist side by side with acute shortages in other branches. Similarly
higher rates of unemployment will exist side by side with acute skill
shortages in some of the newer technological systems. There are
other types of shortage in periods of boom and stagflation that
can fuel inflationary pressures, but what interests us here is prim-
arily the effect of such shortages and the associated cost pressures
on the direction of technical change.

The combined effect of these cost pressures and the concentration,
scale and standardization effects already mentioned will be to focus
technical effort increasingly on cost-reducing process innovations
rather than new products. The patterns of investment and R and D
during a stagflation period will both tend to shift accordingly — the
proportions of rationalization and replacement investment will
tend to rise and new capacity investment to diminish; more invest-
ment will go into machinery and less into new buildings. In this
period, too, there may be increasing pressure for “improvement
innovations’ and ‘product differentiation’. We would not expect basic
innovations to stop but they may tend to slow down (Figure 3.1)
and there will be greater pressures favouring basic process and other
cost-saving innovations. Walsh et al. (1979) has shown that process
patents rose much more rapidly than product patents in the plastics
industry in the 1950s and 1960s (see Chapter 5).

Finally, the descent from stagnation to depression may be ex-
plained by ‘overshoot’ arising from efforts to combat inflationary
pressures but also by the successive weakening of the expansionary
clements within the long wave. In particular, the shift in the main
thrust of investment and technical development will mean that
the investment required to generate further increments of new
employment will be rising, so that even when investment is expanded
during the successive Juglar cycle upswings as a result of Keynesian
or other stimuli, it has less effect in expanding employment, unless
it is directed to areas of very low capital intensity such as various

- government and administrative services.

At the same time, some of the ‘S-curves’ of rapid expansion of
new products and technologies will have begun to level off for
a variety of other reasons, for example, saturation of economic
demand which is discussed in Chapter 7. The shape of these
logistic curves will, in any case, vary a great deal and for some
the rapid wave of expansion will be sustained for much longer than
others. It is clear, for example, that in the case of synthetic materials
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much of the expansionary impetus was already lost in the 1970s
as substitution effects were lessening (see Chapter 5). The rapid
expansion of entirely new technological systems to compensate
for these effects (even if the basic innovations have already been
made), may be delayed by a variety of factors — rigidities, labour
shortages, capital shortages, etc., as well as by the general business
climate in a period of stagflation. A depression should not be neces-
sary to generate a revival of growth and the task of intelligent eco-
nomic and social policy is to find the way to stimulate a new flow of
desirable combinations of technical innovations and social changes

to prevent prolonged depression. This is the subject of our final \

chapter.

4.6 Conclusions

To draw together a rather extended and tentative set of arguments
we must first note that the upswing of the long waves involves a
simultaneous or near-simultaneous explosive burst of growth of
one or several major new industries and technologies. Such a take-
off becomes possible on the basis of a favourable combination of
circumstances. These include the previous successful realization
(at whatever dates) of some earlier basic innovations, such as the
car and various electrical innovations in the 1880s or the computer,
television and a family of synthetic materials in the 1930s and
1940s. This demonstration effect has to be on a sufficient scale to
trigger Schumpeter’s swarming process, with Rosenberg’s caveat
that diffusion is not simple replication but involves a further set
of related innovations. As the new industries grow they generate
a further set of process innovations associated especially with the
exploitation of economies of scale and drawing upon the ‘natural
trajectories’ of technology available at the time (mechanization,
automation, computerization etc.). The very success of the long-
wave boom and its initially rather labour-intensive character (par-
ticularly obvious in the early days of railways, cars and electronics
respectively) generates strong demand for labour.

This is reinforced by all the secondary and multiplier effects of
the expansion on the economy as a whole. It may well be, as
Forrester (1981), Tinbergen (1981) and Mandel (1972) all suggest,
that there are additional long-wave-generating factors involved in
the delayed response of the capital goods sector to the rapid ex-
pansion of demand and the need to divert part of the increased
output to the expansion of the capital goods sector itself.

In any event, at the peak of the boom the demand for labour

.
.
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becomes so strong (both in the period before World War I and in the
1950s and 1960s) as to stimulate big flows of immigration into the
leading industrial countries and to facilitate the entry of new groups
into the labour force. This big change in the labour market, (with
or without the pressures of trade unions) increasingly generates
cost inflationary pressures, however. These are reinforced by Hicks-
Scitovsky mechanisms of comparability claims with the wage and
salary increases attained in the leading (technologically advanced)
industries. The effect of these, and other, shortages is the erosion
of profit margins as well as a shift in the emphasis of investment
away from simple capacity expansion to rationalization and cost-
saving innovation.

Both the Marxists and the neo-classicals are probably right in
believing that the change in general levels of profitability is an
important factor in the behaviour of the system, both at the upper
and lower turning points of the long wave. At the upper turning
point it stimulates a search for labour-saving technical change and
improvement @ la Mensch. Although this may lead to intense efforts
at productivity improvement, such efforts are likely nevertheless
to be actually less effective than during the expansionary phase of
the long wave. Whereas economies of scale in the newly expanding
industries were a major source of productivity gain in the upswing,
the opposite effect is engendered through below-capacity working
in the downswing.> Moreover, job insecurity and the rising level of
unemployment now conspire to reduce the co-operation of the
labour force in the implementation of the technical innovations,
which may depend for their success on wholesale reorganization
and structural change with many plant closures.

Some basic innovations may continue to occur during stagnation
and depression, but the swarming process will be inhibited by the
low general levels of profitability and business expectations. Unlike

"Mensch, we would expect the depth of the depression to inhibit

or delay basic innovations to some extent. Because of the diminish-
ing flexibility of market economies generally, and the important
role of the public sector in R and D and innovation policies, the role
of public policy is crucial. But some exogenous stimulus to the
system, which helps to restore the general level of profitability and
improve economic expectations generally, may also be necessary.
It would be a social disaster if either the prolongation of mass un-
employment or repressive measures were used (as in the 1930s) as
means of attempting to restore a higher level of profit expectations.
We return to this point in Chapter 10.




5 DEMAND AND TECHNICAL INNOVATION
IN THE GROWTH CYCLE OF THE SYNTHETIC
MATERIALS INDUSTRY

It has been argued in Chapter 4 that the swarming process around
an initial cluster of technically inter-related basic innovations gives
an impetus to expansionary waves in the economy as a whole, even,
though these basic innovations may not necessarily occur during an
immediately preceding deep depression. Once the swarming process
is under way then a large number of secondary and induced inven-
tions and innovations will follow, giving rise to the kind of pattern
which Schmookler analysed. In this chapter we discuss the trend of
basic and secondary invention and innovation in relation to the
plastics industry and other sectors of the chemical industry.

5.1 The trend of basic inventions and secondary inventions
and the growth of the synthetic material industry

As we have seen in Chapter 2, the notion that demand alone might
largely determine the rate and direction of inventive activity and
of innovation has been given some credence through Schmookler’s
work, and we have contrasted his ‘demand-led’ theory of invention
with that of Schumpeter. In this chapter we shall draw on the work
of Walsh et al. (1979), who attempted to test Schmookler’s theory
in four sectors of the chemical industry. We shall also draw on two
earlier research projects carried out at the National Institute of
Economic and Social Research and at SPRU (Freeman et al. 1963,
Freeman et al. 1968) on invention and innovation in the plastics
industry and chemical process plant respectively. We differ from
Schmookler in not accepting that aggregate trends in patent numbers
are a satisfactory substitute for a more specific investigation of the
relative significance and qualitative importance of various discoveries,
inventions and innovations. However hard it may be to measure,
there is a real and important distinction between ‘basic’ and incre-
mental innovations and inventions. To take a specific example:
in the drug industry the category of ‘new chemical entities’ is an
important one and the fact that this indicator declined in the 1960s
whilst aggregate patent numbers continued to rise was of major
significance for the industry’s development.

-
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Schmookler (1966) was aware of the strength of this counter-
argument and was at pains to justify his view that the trend of
aggregate patent numbers was the really significant indicator because
technical change was a continuum in which ‘important’ inventions
were not really so important as they sometimes seemed. Neverthe-
less, his own evidence on ‘important inventions’ compared with
aggregated patent numbers showed that in all the four major in-
dustries which he investigated the ‘important invention’ cluster led
the aggregate patent indicator at the outset (p. 81), as indeed
common-sense would suggest. His technique of using the time
trend of aggregate patent statistics is also of course very useful,
although (as he recognized), there are some important qualifications
to be kept in mind in using any patent statistics as a measure of
inventions, especially the distinction between patentable and non-
patentable technical advances and variations in the propensity
to patent. But once a new industry or technology has begun to
take off on the basis-of a cluster of related basic inventions and
innovations, then aggregate patent numbers can provide very useful
indicators of the strength and direction of secondary and induced
inventive activity over time. Even if new basic inventions might
be counted in the totals, their numbers would be so small relatively
that they would barely affect the aggregate trend.

In Figure 5.1 we have plotted the ten-year moving averages of the
number of major discoveries, inventions and innovations in the
plastics industry over the period 1825 to 1963 as identified by
J. H. Dubois from the SPE Journal and Plastics World staffs (1967).
To complete the picture we also added data in relation to the number
of patents and total US production of plastics (in volume) as given
by Walsh et al. (1979). Despite the difficulties of uniquely cate-
gorizing the advances listed by Dubois into inventions and innova-
tions, it appears that these data do show a clustering or bunching
of key inventions and innovations and, with a clear time lag, its
impact on overall plastics patenting and actual production.

This supports the notion of bunches of basic inventions and
innovations leading to the take-off of new industries and a further
set of basic and secondary inventions and innovations, especially
in the process field as the industries grow rapidly. It does not,
however, demonstrate any diré¢t connection between this process
and the ‘trigger’ of depression. Independent corroboration of this
analysis comes from Hufbauer (1966), who carefully documented
the dates of all the major product innovations in each country.
The list below summarises his analysis of the numbers of product
innovations in each decade:
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Before 1900 4
1900-1909 4
1910-1919 3
1920-1929 5
1930-1959 18
1940-1949 15
1950-1959 10
After 1959% 1

The SPRU project on the chemical industry (Walsh et al. 1979)
also used long time series on patents, investment and production
to investigate four subsectors of the chemical industry — plastics
(Figure 5.2), dyestuffs, drugs and petro-chemical intermediates
— and made use of an additional series — scientific papers — not
used by Schmookler. The intention was to test Schmookler’s
hypothesis in an industry more closely related to basic science
than the four which he studied (railways, paper, oil refining and
agriculture) and for a more recent period.

Of particular interest was the evidence that, in some cases, an
upsurge of inventive activity actually preceded a later upsurge of
investment and sales. This was apparently the case with drugs in
the 1930s and with both dyestuffs and plastics in the period
1925-35, although there are great difficulties in getting satisfactory
German production and investment statistics for the plastics industry
in the 1920s.

One-explanation of these partly ‘counter-Schmookler’ develop-

‘ments of the 1920s and 1930s is in terms of the German drive for

national self-sufficiency which, prior to World War I and World
War II, was designed to overcome dependence on imported natural
materials of all kinds. This was to some extent independent of the
short-term state of demand. However, this implies a considerable
modification of the Schmookler model. This model attempted to
explain the trend of invention as an activity which followed directly
on the expansion or contraction of the market, rather than an
activity which attempted to anticipate future changes in the market,
or to create entirely new markets on the basis of scientific discoveries.

This weaker and more acceptable version of the Schmookler
theory is less deterministic since the anticipated future developments
are necessarily more uncertain and the interplay of new science, new
technology and conjectured future markets becomes far more the
realm of imaginative entrepreneurship. We have already argued in
Chapter 2 that Schumpeter’s models seem to have more to offer

*Hufbauer’s work did not cover the 1960s.
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Fig. 5.2 Plastics patents, papers and USA production (1907-80).

Source: Walsh et al. (1979) and our updating.
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here, but before we turn to them we first briefly consider what we
shall designate as the ‘Hessen’ model, which is an even stronger form
of the Schmookler model, extending its domain from inventions
to basic scientific theories.

5.2 Basic science, invention and innovation

When Hessen (1931) and his Soviet colleagues first put forward their
bold ideas at the International Congress on the History of Science
in 1931, they caused something of a sensation, and ever since then
their papers have continued to arouse controversy. Hessen was
mainly concerned to demonstrate the profound influence of eco-
nomic developments on even the most basic scientific ideas, and
chose as his example the birth of Newtonian physics. Although he
did not attempt to use the type of quantitative indicators which
Schmookler used, if he was right in his main contention then we
might expect the trend of publication of scientific papers to follow
behind indicators of invention, since he was essentially expounding
the view that technology leads and science follows.

At first glance the results of Walsh et al. (see Figure 5.2) appear
to justify a Hessen model; there does seem to be some evidence
in the case of plastics, dyestuffs and intermediate chemicals for
‘a derived secondary demand for further scientific work following
several years behind the original invention and inpovation of new
products or processes. Very large numbers of papers were published
in the whole plastics field in the 1960s. It is difficult to resist the
conclusion that the explosion of scientific papers concerned, for
example, with acrylonitrile and caprolactam in the 1950s and 1960s
were the consequence of the large-scale industrial use of these
products for the plastics industry and the attempts to make new
major and minor process innovations.

However, as in the analogous case of aggregate patent statistics,
we have to consider the whole question of secondary publication in
relation to the more seminal scientific papers and of original break-
throughs in scientific discoveries, which open up new fields for
‘normal’ science in Kuhn’s (1962) sense and for ‘gap-filling’ (gener-
ating much larger numbers of derivative secondary publication
chains) and for related inventive work. The qualitative analysis
points strongly to the importance of these more fundamental de-
velopments as the starting points for later surges of publications,
as well as inventions. There is an important parallel betweeen new
scientific paradigms and new technological paradigms (Dosi 1982).

One of the earliest truly synthetic materials — bakelite — was
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invented and innovated by a Belgian chemistry professor (Baekeland)
in 1909, but the surge of innovations in the 1930s was based on the
fundamental research work of Staudinger in the early 1920s. This

research was on long chain molecules and it led directly to the:

innovation of polystyrene and styrene rubber by 1. G. Farben and
indirectly to many other inventions and discoveries. It also provided
a basis for the development of a new scientific discipline bordering
on technology — polymer science.

It is important to note the peculiarly close relationship between
‘science’ and ‘technology’ in the plastics industry. An ‘invention’
is often virtually the same thing as a ‘scientific advance’ and may
be the subject both of scientific papers and of patent applications.

Price (1965), the historian of science who has emphasized most .

strongly the ‘separateness’ of science and technology, and who
maintains that technologists generally do not seek recognition
through publications but through artefacts and inventions, never-
theless makes an exception for chemistry and electronics. We shall
discuss the case of electronics in Chapter 6, but here it is enough
to note that there is substantial publication of papers by plastics
‘technologists’. ‘

As swarming began and the industry entered a period of rapid
growth, work on new applications, on process improvement, on
co-polymerization and on the modification of materials to meet
the needs of specific users, entailed a great deal more scientific
work on the properties and behaviour of many different long-
chain molecules, as well as on emulsifiers, plasticizers, catalysts
and other chemicals involved in their production. The chemical
industry was also often keen to sponsor this research, whether
In universities or in its own R and D laboratories. Taking into
account the immense range of new applications which were de-
veloped in the war and post-war periods it is not surprising that
the aggregate number of patents and publications soared upwards
in the 1950s and 1960s, reaching a peak of over 10000 papers
annually in the early 1970s (Figure 5.2). The underlying scientific
and technical links in synthetic material innovations were strongly
emphasized by Hufbauer (1966), in his careful study of about
sixty new materials and their international diffusion:

The similarity of nomenclature between various plastics, rubbers and man-
made fibres indicates another important feature of the industry: materials
with diverse economic uses are sometimes related chemically. It is this char-
acteristic which justifies the designation of a synthetic materials ‘industry’. . . .
investigation of one high polymer often borders very closely on another. W. H.
Carothers’ discovery of nylon (both a plastic and a fibre) laid the groundwork
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for the discovery of polyester fibre by J. R. Winfield and J. R. Dickson in
Britain. Likewise the I. G. Farben discovery of polystyrene plastic led naturally
to the invention of styrene rubber and I. G. Farben’s research on polymethyl
methacrylate plastic opened the way to nitrile rubber which in turn led to
acrylic fibre. . . . The technical bonds joining plastics, synthetic rubbers and
man-made fibres are to some extent reflected in the concentration of innova-
tion found among synthetic materials. Due to the chemical similarities of syn-
thetics, one innovation by a given firm almost certainly increases the likelihood
of the next. Aside from generating a pertinent body of high polymer research
findings, a tradition of innovation attracts the brains and produces the financial
successes requisite for its own propagation.

These comments illustrate very well the emergence of polymer
science as a common ‘sub-culture’ for the industry, linking it closely
with fundamental science in universities.

The German chemical industry was particularly remarkable for
its close links with academic research. Ever since the German dye-
stuffs firms began to promote product and process innovation on
a systematic basis in the 1870s, they have deliberately cultivated
close links between their own in-house R and D teams and univer-
sities — by consultancies, research grants and regular awards to uni-
versity chemists. Staudinger was himself a consultant to I. G. Farben
and so too was Ziegler, whose fundamental work on catalysis led to
the major process innovation of the 1950s — the low pressure process
for polyethylene — and indirectly to the major product innovation of
the 1950s, polypropylene. The SPRU study showed in detail how the
collaboration between Montecatini and Professor Natta of the Milan
Polytechnic led to the innovation of polypropylene in 1958, preceded
by a surge of both publications and patents by Natta’s group and by
Montecatini’s own researchers (Figure 5.3). A second (and much
bigger) upsurge of papers and patents followed later when many
licensees and swarming imitators moved in to expand world produc-
tion at an extremely rapid rate in the 1960s. This example shows the
importance of detailed case studies of particular innovations to
complement the aggregate analysis of papers and patents, since of
course the aggregate growth of plastics secondary inventions and
derivative scientific papers in the 1950s (Figure 5.2) completely
swamped the small ‘explosion’ of publication and patenting associated
with the innovation of polypropylene itself, shown in Figure 5.3.

However, even using the device of counting aggregate numbers of
scientific papers as recorded in Chemical Abstracts there were
instances in the chemical industry in which this indicator led both
the indicators of inventive work and those of sales and production,
the most notable being that of drugs in the 1930s (Walsh et al. 1979,
Section 6).
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Independent evidence confirming the tendency for the indicators
of basic research and of inventive activity sometimes to lead the
upward surge in production in the early stages of the growth of
an industry also comes from the work of Yamada on the Japanese
plastics industry (1982). He has calculated ‘life cycles’ for research
papers and patents based on the ratio of plastics papers and patented
inventions to the total numbers of scientific publications and patents.
Comparing these with a similar ratio for the Japanese plastics pro-
duction life cycle, he shows that the various life cycle indicators for
research and invention peak several years before the production
cycle peak (Figure 5.4). His work is also of interest for several
other reasons. It shows the ‘institutional lag’ in the formation of
departments of polymer chemistry in Japanese universities and also
shows that the life cycle of the Japanese plastics industry, although
obviously differing in some respects from the European or American
industries, followed a similar course in the post-war period.

The strength of Japanese research was such that PVC was actually
produced on a small scale in the same year that it was launched in
Germany (1931) and nylon too was produced in small quantities
soon after the USA. Japanese researchers were contributing to the
international literature in the field before the war and on a significant
scale in the early post-war period (curve 1 in Figure 5.4). This is an
important corrective to the commonly held view of a purely imita-
tive response based entirely on the import of foreign technology.
Yamada’s work shows that independent research and invention
were critical also in the Japanese case and that their life cycle peaks

preceded the enormous expansion of Japanese production in the
1960s and 1970s.

5.3 Schumpeter’s mark II model and the rise of the
plastics industry

As we have seen in Chapter 2, the Schumpeter mark II model postu-
lated that ‘endogenous’ science and technology, mainly within the
R and D laboratories of the large firms, had increasingly substituted
for the mechanism of the ‘exogenous’ inventor setting up in business.
He did not, however, rule out the possibility of the mark I mechanism
continuing to operate within a climate increasingly dominated by
large-scale corporate R and D. The transition from mark I to mark II
describes rather well what happened in the chemical industry.
Originally in the nineteenth and early twentieth centuries, men like
Perkin, Linde, Dow and Baekeland, coming often from an academic
background, were able to make a fortune from their own discoveries
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by establishing their own firms. (The same sort of thing occurred
much later in the case of the scientific instrument industry.) Some-

year

times these chemist-inventors worked with partners who had greater
commercial experience, sometimes they acquired this knowledge
themselves, but they laid the foundations for the modern chemical
industry.

As, however, the new chemical firms grew up and consolidated
their new markets, some of them (especially the German dyestuffs
firms) made an extraordinarily important social innovation — the
captive industrial R and D laboratory. This meant that they were
no longer so vulnerable to the ‘creative destruction’ brought about
by exogenous science and technology through new entrepreneurs.
They themselves learnt the trick of institutionalizing this process.
By earning exceptional profits on their major innovations they
were able to finance scientific and technical activities on such a
scale as to retain the ability to generate successive new waves of
invention and innovation, or at least to keep fairly close behind
the leaders (Figure 2.4).

Nylon accounted for more than half the corporate profits of ‘
Du Pont for many years, and such products as polyethylene and ‘
PVC made a similar contribution to ICI and the German chemical
firms. The original growth and strength of the German chemical |
industry was based on the profits from synthetic dyestuffs; its 1‘
later growth on those from drugs and plastics. The evidence of our
studies on dyestuffs, plastics and organic intermediates confirms
the view of those who have argued that in these sectors the largest ‘
chemical and oil firms have dominated the inventive and innovative |
process over the past fifty years whilst strengthening their own
market leadership. Not only did the German chemical firms BASF,
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tE Bayer and Hoechst rise to their pre-eminent position in the world \
Z & through their dyestuffs inventions in the nineteenth century, but ‘
‘Eg«g it was also I. G. Farben and ICI who were responsible for most

3 é E S of the major dyestuffs inventions since tbe 1_9205.' .

N In the case of plastics and synthetic fibres it was the leading

chemical firms in each country (I. G. Farben in Germany, Du Pont
] in USA, ICI in Britain, and Montecatini in Italy) who were able to
| dominate the technical developments leading to the introduction
of most of the major new materials and their application in a great
variety of novel end uses. They were also usually the first to imitate
or license each others’ major innovations (nylon 66, nylon 6, poly-
ethylene, PVC, acrylics etc., see table 5.1). The extraordinary

For note on method of computation use Appendix A. Source: Yamada (1982).

‘bunching’ of I. G. Farben inventions and innovations in the period
from 1925 to 1945 is particularly notable.

Fig. 5.4 Life cycle of polymer chemistry and the number of polymer chemistry departments in the Japanese universities.
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Table 5.1 Patents and innovations in synthetic materials (percentage world total)

Patents and innovations Total Percentage world total
I G Du Icr
Farben* Pont

All plastics patents taken out by firms 6777 20 6 2

1791-1945

All plastics patents taken out by firms 4341 20 8 2

1931-45

‘Major technical advances’ in patent 117 26 10 6

literature

1791-1945

Innovations in synthetic materials 56 32 9 2

1870-1945

‘Major innovations’ 20 45 10 b

1870-1945

Innovations 36 44 11 3

1925-45

First ‘imitations’ 14 4 8

1870-1945

*Including predecessors and successors.
Source: Freeman (1974), p. 93.

We have suggested two main mechanisms to explain this bunching.
One of these was the advance in fundamental science in the 1920s
associated with the work of Staudinger on the structure of long-
chain molecules and the establishment of a recognizable ‘polymer
science’ during that period. The ‘demand’ for synthetic rubbers,
fibres and other materials was already strong during World War I
but it could not be met then because of the lack of this essential
pre-condition. Once this condition was satisfied, however, then
the other mechanism could exert its strong influence. The autarchic
pressures from the demand side associated with German re-armament

and the German war economy affected the synthetic rubbers
especially.

5.4 The growth cycle of a new technological system

Finally, we shall attempt to relate this discussion of science, tech-
nology and demand in the plastics industry to the cyclical develop-

ment of the industry more generally, and specifically to the issue
of employment: ,
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(i) On the basis of the two mechanisms described above (the estab-
lishment of polymer science and autarchic pressures) there was a
take-off in German plastics innovation and production in the late
1920s and 1930s. This was followed by other leading industrial
countries (USA, UK, Japan etc.) with a lag of a few years but the
world-wide diffusion process took place mainly in the post-war
period.

(i) Re-armament and war provided a forcing house for technical
development and the rapid scaling up of production, especially for
synthetic rubber in both Germany and USA, but also for fibres
and other materials, especially polyethylene (radar and cables)
and PVC (many applications in Germany). Many new basic innova-
tions took place both in products and processes and there was also
a surge of secondary invention and discovery. Recorded patent
applications declined temporarily in the 1940s, however, because
of war-time security practices and other effects of the war (Figures
5.1 and 5.2).

(i) There was a temporary slow down in the tempestuous growth
of the industry immediately after the war in Germany and Japan,
where bomb damage, occupation measures and the dissolution of
the I. G. Farben trust caused delay. Especially in the USA, however,
new civil applications were very rapidly developed and the ‘swarming’
process set in strongly in the 1950s.

(iv) Arrangements and understandings between some of the leading
chemical firms had led to some restrictions on the licensing and
transfer of the new technology. For example, ICI had licensed
Du Pont to produce polyethylene during the war and these firms
had also gained some access to German technology during the
occupation and reorganisation of I. G. Farben. However, the high
profits being made from polyethylene by Du Pont and ICI led to
considerable pressures from would-be swarming imitators to acquire
licenses. After a long legal battle the Supreme Court finally required
ICI and Du Pont to license a number of other American chemical
and oil firms.

(v) The swarming process now gathered force for this and other
synthetic materials. New plants were being built all over Europe,
USA and Japan and their size increased rapidly. The shift from coal
to oil as the main feedstock for the industry — in which the USA
led the way — greatly facilitated the introduction of flow processes,
the scaling up of plant and further basic process innovations. More-
over, the use of oil as feedstock meant that ‘building block’ chemicals
such as ethylene and styrene could now be easily supplied in large
quantities from oil refineries and adjacent petro-chemical plants. In
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addition to the attraction of the very high profits being made by the
innovators, the oil companies now had an additional motive for
entering the plastics industry and many of them did so. Because
of the large amounts of capital required to build new capacity,
they and the large chemical companies constituted most of the
‘swarm’. This also meant that total numbers of producers remained
relatively small. However, their entry was sufficient to erode the
profit margins of the industry. Some of the oil companies made
hardly any profits from plastics, even in the 1950s and 1960s, but
stayed in the business because of their desire for long-term diversi-
fication. The chemical companies began to complain of their falling
margins.

(vi) With the swarming process and the continuing intensive R and D
by the original innovators, there was an immense surge of patenting
and publishing activity (Figure 5.2). As we have seen these were
closely inter-related and both stimulated and followed the innumer-
able new applications that were opened up by the applications
research, marketing activities and technical service departments
of the producers. Strong ‘virtuous circle’ mechanisms were now
in operation with demand and technology mutually stimulating
each other. Growth rates were commonly between 15 and 20 per
cent per annum for output in the leading industrial countries, and
even in countries such as Sweden, with little or no production,
consumption increased at a similar rate. The machinery industries
also contributed to the speed of technical advance but the large
chemical companies continued to account for the greater part of
it. A rather more significant contribution came from the plastics
fabricating industry, in which the swarming of small firms (Schum-
peter mark I) was much more important, together with new de-
partments of large engineering firms and other big users of plastic
components. ‘

(vii) The new technology gave rise to the growth not just of the
synthetic materials industry, but a fabricating industry which em-
ployed about three times as many people, and a smaller machine-
building industry. As the technology became more standardized
and more widely diffused, the design and construction of new
plants was taken over increasingly by a new group of firms — the
f:hemical engineering contractors. Originally this industry came
Into existence mainly to serve the oil companies in the design and
construction of refineries and related facilities, but they now in-
creasingly moved into organic chemicals, fertilizers and plastics.
They specialised in. the provision of ‘turn-key’ packaged plants
world-wide and insofar as they conducted new R and D work,

SismmnaiaiiinandibviddsidiiS i sl R R T e

\

\

GROWTH CYCLE OF THE SYNTHETIC MATERIALS INDUSTRY 97

this was mainly related to scaling up and modification of the designs
that they acquired under license from the large chemical companies.
Sometimes they were actually subsidiaries of the large chemical
firms (e.g., Uhde is a subsidiary of Hoechst), but more commonly
they were independent firms. The emergence of this industry and
its role in new plant construction was one indication of the world-
wide tendency to standardization of a mature technology. A few
of the exceptionally innovative contracting companies did make
some original basic process innovations as well as many improve-
ments, but the share of the large chemical companies in patents
and innovations continued to be dominant (Freeman: et al. 1968).
The emphasis of R and D however shifted increasingly to process
technology rather than the materials themselves and this was re-
flected both in the numbers of scientific papers and of patents
(see figure 5.5).

(viii) Finally, however, the ‘retardation’ factors which have been
discussed in Chapter 4 came increasingly into play during the 1970s.
Surplus capacity began to emerge on a serious scale, especially in
synthetic fibres, and a more general situation of low profitability
became widespread. Growth rates slowed down markedly and the
indicators of patenting and publication also decelerated or declined
(Figure 5.2). Among the retardation factors affecting the growth cycle
of the industry, the following were probably the most important:

(a) Market saturation. During the 1970s the total volume of
plastics production was greater than that of all non-ferrous metals
combined and equal to a significant fraction of total steel pro-
duction. Synthetic rubber accounted for about three quarters of
the combined consumption of natural and synthetic rubbers.
Synthetic fibres accounted for about half of all fibres consump-
tion. Whilst the new properties of synthetic materials did stimulate
many completely new applications, a large part of their growth
was at the expense of older natural materials (paper, cotton,
rubber, metals, jute, etc.) which had much more sluggish growth
rates. It was inevitable that after an initial period of very rapid
market penetration based on technical and price competition,
the growth rate of synthetics should asymptote towards the over-
all growth rate of materials.

(b) Tendency of input prices to increase with the expansion of
the industry. Labour costs in many countries were rising rapidly
in the 1960s but in this industry it was the cost of capital, of
energy, of new plant and of feedstock which were probably
the most important elements in the squeeze on profit margins
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apparent already in the late 1960s, but more obviously since
1973. In the fabricating industry labour costs were much more
important.
(c) Slow down of technical advance. Although we have stressed
that basic innovations continued to occur in the 1950s and 1960s,
and that the rate of secondary and induced invention continued
at a very high rate, there were indications of diminishing returns
to further investment in R and D and other technical activities
and of a marked shift to process inventions. Scaling-up of plant
appeared to reach some technical and economic limits in the 1970s
and this had been one of the main sources of productivity advance,
because of the operation of Chilton’s Law. The limits of new
applications research also began to be apparent. Technical advance
has certainly not stopped and the possibility of further basic in-
novations remains, but some retardation is evident from most of
the available indicators.

(ix) So far as employment is concerned the new industry generated
a rapid growth of employment, especially on the fabrication side
from the 1930s to the 1960s. Even though production of the materials
themselves was capital intensive from an early stage, the high rate of
introduction of new plants and the supporting scientific, technical
and marketing services gave rise to many new jobs, making this
(together with drugs) the main source of new employment in the
chemical industry. Over 1 million people were employed in the
fabricating industry, the materials industry and the associated
machine-building industries in the USA, and rather more in the
EEC by the late 1960s. However, because of technical advance
associated with economies of scale (Chilton’s Law) the employ-
ment generated for each new wave of investment tended to de-
cline. Labour productivity grew very rapidly in the 1950s and
1960s, and by the 1970s the effects of the retardation factors
which have been discussed led to stagnation or even decline in
employment.

(x) The growth cycle of this new technological system appears
to exemplify fairly well the concept of a half-century cycle af-
fecting the economies of the OECD countries more generally, al-
though of course with national variations. How far in combination
with other industries it was the cause of such a cycle, or simply
the result of it, and how typical it was, will be discussed in later
chapters. This does not mean, of course, that no further growth
of plastics production will occur. There are still possibilities of con-
siderable further growth and of further inventions and innovations.
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But the exceptional impetus that the industrialized economies

derived from this new technological system in the past half century
can no longer be sustained.

SR e

6 ELECTRONICS

We have stressed the importance of clusters of inter-related inventions
and innovations in the growth cycles of new industries. We have
called these inter-related clusters and their diffusion through the
economy ‘new technological systems’. The phenomenon in which
we are interested is something more than the life cycle of a par-
ticular industry, although it certainly includes this. Nor is it just
the emergence of a new scientific discipline or sub-discipline, al-
though it may partly derive from this. The concept implies an
embodied technology and not just a set of new scientific ideas.
We have used this expression to capture the fact that major new
technologies affect many industries to varying degrees and we are
interested especially in those that have the widest effects on the
economy — the ‘general natural trajectories’ of Nelson and Winter,
and Kierstead’s innovations of ‘wide adaptability’. The economic
system cannot digest a major new technology overnight or over
a decade — the responses required are too many, too varied and
often have very long time lags.

In this chapter we shall be discussing a new technology system
with even more pervasive effects throughout the economy than
synthetic materials — electronics. From the outset we can see that
this is a very different case from synthetic materials and some
people would maintain that it has now reached its period of most
rapid development and shows no sign of maturity after eighty
years of sustained growth of output at a rate often exceeding
15 per cent per annum. Others would say that it exhibits elements
of all four of van Duijn’s ‘variations’ in cyclical behaviour (as illu-
strated in Figure 6.1) and this is true so far as particular products
or sub-sectors are concerned (e.g., colour television substituted for
monochrome television during the 1960s rather on the lines of
Figure 6.1(c)).

Nevertheless, we shall endeavour to show that several key sectors
of the electronics industry have experienced a post-war growth
cycle not altogether dissimilar from the general pattern we have
described. In particular, as the industry has become more capital
intensive, the rate of growth of employment has diminished and
the absolute level of employment has actually declined or stagnated
in some sectors even where sales and investment continue to expand.
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(a) Substitution (b) Extensions of life-cycle

(c)Change in technology (d) Extended maturity phase

Fig. 6.1 Variations to the simple life cycle pattern. Source: van Duijn (1981).

At the same time there are new growth points for example in micro-
computers, where employment is growing very rapidly.

6.1 The electronics industry

As it is usually defined, the electronics industry ‘proper’ involves
the production of components and their assembly in a variety of
end products including consumer goods (e.g. radio, television and
tape recorders) and capital goods (e.g., radar, computers or scientific
instruments and military equipment). However, in practice it has
proved difficult to follow any classification consistently and no
country has succeeded in keeping statistics that follow close behind
the extremely rapid rate of technical change. One problem is the
re-classification of products, formerly classified to other industries,
which now embody electronic circuits replacing to varying degrees
electro-mechanical systems. Major examples are computers, calcula-
tors and telephone equipment, which are now usually (but not
always) classified with electronics. Many products include mechanical,
electrical and electronic components or subsystems. Machine tools
were once entirely mechanical, later became largely electro-mechanical

g
§

A

. ELECTRONICS 103

and now increasingly incorporate electronic control systems. Radio
and. television, which have always been classified with electronics,
have of course always included the assembly of many purely mech-
anical or electrical components — and it is partly an arbitrary de-
cision or a matter of convenience as to which products are reclassified,
as electronic systems increasingly penetrate a wider range of end-
products. Electronic component firms are now major manufacturers
of watches and toys and the scientific instrument industry is now
largely an electronic one. More than half the cost of some military
aircraft is in the electronics. The important point is that the in-
fluence of electronic technology in the economic system is more
widespread than might appear simply from some of the avaiable
statistics, and this is one of the main reasons for our use of the
concept of ‘new technological systems’. The industry thus narrowly
defined now ‘employs well over 1 million people in the USA and
similar numbers in the EEC; much greater numbers of jobs were
generated in the post-war period in service applications, repair and
maintenance work, computer installations and bureaux and so
forth.

The critical components in electronic circuits are the so-called
‘active’ components — valves and transistors — which direct, control,
amplify or otherwise influence the flow of electricity through the
circuit. It was technical innovation in valves in the early part of
this century, and in transistors and solid state technology in the
second half of the century, which formed the basis for the remark-
able rate of technical change throughout the industry. Successive
‘generations’ of components gave rise to a rapid succession of re-
designed electronic products in some sectors rather on the lines
of Figure 6.1(b). The so-called passive components continue to
account for a high proportion of total components output and
technical change has been important here too, but the key innova-
tions have been in the active components and in the integration
of entire circuits. In this chapter we shall first of all discuss the
‘older’ parts of the industry — radio and television — then the
electronic computer and finally the revolutionary developments
in solid state technology, culminating in micro-electronics.

6.2 Radio and television

The first branch of the industry was radio and in the period before
World War II the two were almost synonymous. The radio industry
took off about 1901 with Marconi’s early demonstrations of the
feasibility of transmitting signals over long distances and from ship
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to shore. His achievements as an innovative technologist, who some-
times defied received scientific opinions, should on no account be
under-rated. Nevertheless, radio was based on fundamental advances
in physics in the latter part of the nineteenth century (Maxwell,
Hertz, Branly, Popov) and a cluster of basic inventions at that
time — including both radio itself and several key components,
especially the diode valve (invented by Fleming 1904) and the
triode valve (De Forest 1907). Sturmey (1958) maintains that
commercial demand played no part in these early valve inventions.
Early applications of radio were in long-distance communications
and had the effect of drastically reducing cable rates and generally
Improving communication with ships. However, it was with broad-
casting in the 1920s that large-scale swarming began, with many
new entrants to the industry followed by the typical Schumpeterian
pattern of declining profit margins, bankruptcies and concentration
in the 19%0s. The strongest surviving firms, such as RCA, Philips,
Telefunken, Marconi and EMI were characterized by strong R and D,
especially in valve technology.

Thus the radio industry followed a long-term cycle of growth
and maturity extending over about forty years, but the basic innova-
tions on which it was built up were introduced in the ‘prosperity’
phase of the third Kondratiev and the main swarming took place
late in the cycle. However, a second and more important cycle of
growth for electronics began with several revolutionary product
innovations in the 1930s and 1940s (especially television, radar
and the electronic computer) and a whole series of revolutionary
mnovations in active components and circuits starting with the
transistor which also gave a renewed impetus to radio itself.

The growth cycles of the television and radar industries fit fairly
well into the fourth Kondratiev long-wave pattern of very rapid growth
in the 1940s and 1950s, moving into a mature phase of high capital
Intensity, market saturation and stagnant or declining employment in
the 1970s. Radar was always deeply affected by military demand and
for this reason it took off much more rapidly during World War II
and the Cold War, and is still affected strongly by the vagaries of this
demand — whereas the growth of television was delayed until civil
broadcasting could be resumed after the war. Once this occurred
(with the licensing of the original technology of RCA, EMI and
Telefunken) the saturation of domestic markets in the leading in-
dustrial countries took little more than a decade and, as with radio,
the transition to a replacement market led rapidly to the erosion of
profit margins and a concentration process. The number of producers
was never large and it was falling in the 1960s and 1970s.
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The pattern of the industry’s development corresponded to
Schumpeter’s mark II model since both the original innovators
and the imitators were large established producers of radio and
other electrical goods with strong R and D facilities. Colour tele-
vision (in which RCA and Telefunken were again the leading innova-
tors) followed a similar product cycle in the 1960s-1970s (see
Figure 6.2), but by this time the international diffusi(?n of the
technology meant that the swarming process was dominated by
Japanese firms whose competition proved devastating for the older
American and European industries. Japanese firms were not among
the original innovators but by 1977 Japan accounted for over half
of world production in colour television and three quarters of wo'rld
exports. They were exporting about 5 million sets, compared w1.th
about 1 million from Germany and 250000 from the UK, despite
the fact that Japan was still limited in many markéts in Europe
by the PAL patents and other restrictions. Later in the 1970s
Japanese direct exports declined, especially to the USA, because
of Japanese investment overseas and because of agreements between
Japanese and American producers. . . .

As in the case of the introduction of transistors into the radio
industry, this extraordinary Japanese success was not.based on
simple carbon copy imitation, but involved a whole series f)f pro-
duct improvements and process innovations. After comparing jche
performance of the American, European and Japanese industries,
Sciberras (1980) concluded:

Japanese firms have been the most successful innovators [innthe 1970s}. By
applying advanced automation in assembly, testing and handh'ng to large pro-
duction volumes, the Japanese have achieved drastically superior performance
in terms both of productivity and of quality.

Although he found that the main advantage of the new automated
techniques was in improving product reliability, Sciberras .calculate.d
that Japanese man-hours per set were 1.9 compared with 3.9 n
Germany and 6.1 in the UK. He attributed the opening up of this
remarkable productivity gap mainly to the integrated approach to
automation technology and to the intensive training of personr}el
at all levels in Japanese firms. Peck and Wilson (1982) a.lso point
out that the Japanese manufacturers were the first. to 1n.troduce
integrated circuit technology into the colour television md'ust.ry
(with the important economies in assembly labour _t}:lat this in-
volved). The success of this innovation was based on a joint research
effort starting in 1966 and involving five television manufacturers,
seven semi-conductor manufacturers, four universities and two
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research institutes and the overall backing of MITI (the ministry for
trade and industry). This example illustrates the capacity of the
Japanese social system to achieve a flexible mobilization of resources
to make and diffuse decisive innovations quickly.

We shall return later to this Japanese success in discussing the
changing international leadership in successive waves of new tech-
nology in Chapter 9, but for the moment we note that their ex-
tremely effective world-wide competition led to a more rapid decline
of profits and employment in some of the older producing countries
in the 1970s. Radio and television were already mature industries
in the 1970s and would in any case have experienced slower growth
or even some decline in their labour force. The product cycles of
television and colour television fit fairly well into the general post-
war long wave, but product innovations such as video tape recorders ‘
(Figure 6.2), Prestel sets etc. may permit a pattern of development )
for parts of the industry on the lines of curves (b) or (d) in Figure
6.1. The existing capacity and employment of the industry appears,
however, quite capable of handling this demand.
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It was the innovation of the electronic computer, in combination
with a whole cluster of innovations associated with solid state tech-
nology, which vastly extended the range of applications of electronics
in control systems, information systems and telecommunication
systems. The convergence of these associated technologies was the
most important development of the fourth Kondratiev and may
provide one of the elements for a fifth expansionary wave. The |
‘sun’ at the centre of this whole constellation of associated inven- |
tions and innovations was the electronic computer.

Attempts to build mechanical or electro-mechanical computers
had been made ever since Babbage’s prototype in the 1830s and
these efforts greatly increased during World War II. Both radar
and code cracking made use of early computing devices. It was
the German inventor, Zuse, who (after he had already designed
several electro-mechanical machines at the Charlottenburg Tech-
nical High School) first succeeded in designing a fully fledged elec-
tronic model in 1943. The much larger ENIAC computer, designed
and constructed at the University of Pennsylvania under a contract
from the Army Ballistics Laboratory, began to work in 1945. Several
other machines were designed and operated at various British and
American universities and government laboratories in the late
1940s. In these early days the work was sustained by the enthusiasm
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of the groups of scientists and engineers who were most closely
involved and the long-term sponsorship of a variety of government
agencies.

Katz and Phillips (1982) have recently published a thorough
account of the early history of the US computer industry and
make particularly interesting comments on the reasons why private

funds were not committed to the commercialization of the electronic
computer:

. the general view prior to 1950 was that there was no commercial demand
for computers. Thomas J. Watson Senior, with experience dating from at least
1928, was perhaps as acquainted with both business needs and the capabilities
of advanced computation devices as any business leader. He felt that the one
SSEC machine which was on display at IBM’s New York offices ‘could solve
all the scientific problems in the world involving scientific calculations’. He
saw no commercial possibilities. This view, moreover, persisted even though
some private firms that were potential users of computers — the major life
insurance companies, telecommunications providers, aircraft manufacturers
and others were reasonably informed about the emerging technology. A broad
business need was not apparent.

Again, theréfore, we have to qualify the theory of demand-
led invention with important reservations about the importance
of basic research and technology push in relation to revolutionary
innovations. At the same time, as in the case of plastics, we should
note the role of military interest in promoting developments during
and after World War I1. Katz and Phillips sum up this peculiar con-
fluence of scientific interest and potential applications:

In a real sense the technologist users (in government) and the technologist
suppliers (in private firms) had coincident interests and were members of a
cognisable ‘fraternity’. They attempted to prevail on their respective host
organisations to supply funds to meet their technological and scientific objec-
tives. The demand, that is, was more in the form of budget requests by this
group for funds for investment in R and D — without regard to immediate
economic returns on investment — than it was a demand for marketable com-
puter hardware (p. 15).

At this time, Eckert and Mauchly were among the few believers
in a wider commercial market and they made intensive efforts to
interest private companies and financiers after their dismissal from
the University of Pennsylvania in 1946 because of their financial
interests. They met with very great difficulties and disappointments
and were destined for bankruptcy when Remington Rand acquired
their corporation in 1950. However, after this acquisition the pros-
pects were still thought to be so dublous that Remington Rand
attempted to cancel all outstanding contracts for their computers.
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Only a few government organisations refused to cancel, such as
the Bureau of the Census.

Whilst these great difficulties were being experienced in the
early commercialization of the electronic computer, enormous
progress was being made with technical improvements, resultmg
in many clusters of basic and secondary inventions affecting especi-
ally the development of stored programmes, memory devices, and
programming languages. The early days of the technology were
characterized by very free interchange of technical and scientific
information, including many joint seminars involving most of the
interested scientists and representatives of government and industry.
‘Software’ and some other inventions could not be patented, but
a surge of patents and publications began both in the USA and the
UK which has continued to this day. Again, this upsurge preceded
the growth of the commercial market and in Britain the NRDCGC
organised a patent pool.

The Korean War further stimulated US government interest and
led to IBM’s full involvement. Although IBM was by no means
the first innovator, once the company had to meet contracts for
a small number of machines for military orders it began to take a
serious interest in entering the civil market. Even so, when the
Applied Science group at IBM later proposed launching the 650
computer forecasting a sale of about 200 machines, the Product
Planning and Sales Department forecast no sales at all. Thomas
Watson Junior took the side of the scientists and in the end 1800
machines were sold, mainly for business applications.

Katz and Phillips describe the 650 as the ‘Model T’ of the com-
puter industry and in many senses it was, although the transistorized
1401 launched in 1958 might have stronger claims. It marked the
first big exploitation of economies of scale, and it was relatively
cheap and easy to maintain. It also demonstrated to IBM (and
its competitors) that the industry could be extremely profitable.
IBM was already a highly successful company in the field of tabula-
tors and other office equipment and it was probably this unrivalled
knowledge of the market and strong sales and service organization
that gave the company the edge over all its competitors. However,
it also had great technical strength and a very strong commitment
to both R and D and education. The combination of these char-
acteristics enabled the company to become, for a long period, one
of the most profitable and fastest growing companies in the world.
Gross income grew from $116 million in 1946 to $8273 million
in 1971. Estimates vary slightly, but most of them agree that in the
1950s, 1960s and 1970s IBM accounted for about 60-70 per cent
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of the value of all computer sales throughout the world. In terms
of numbers of computers installed the IBM share would be a little
less, as other smaller companies (such as DEC), were more success-
ful with mini-computers. IBM employment world-wide grew from
22 000 in 1946 to about 165000 in 1965 and 300 000 in 1974;
it has since tended to level off (the 1980 figure was 340 000). Al-
though ‘swarming’ did take place in the 1950s and 1960s and a
number of large electronic companies, such as RCA, General
Electric, AEI, Siemens, English Electric, EMI, and Raytheon,
entered the industry, few of them had much success and none
made anything like the profits of IBM. Only in ‘niche’ areas,
such as special applications and mini-computers, was IBM’s pre-
dominance seriously challenged. Efforts to sustain competitive
national firms in several European countries (especially Britain,
France and Germany) also met with great difficulties; many firms
including some of those mentioned above fell off the bandwagon
and withdrew from the industry in the 1960s, having failed to
make any profits both in the USA and in Europe. The computer
industry over this period was thus an extreme example of Schum-
peter’s mark II model. The situation has now changed as a result
of the developments in the semiconductor industry and the in-
novation of the micro-computer and micro-processor in the 1970s.
A new wave of small firms has now entered the industry such as
Sinclair with the ZX81; these developments are further discussed
in Chapter 7. »

However, IBM is already one of the world’s biggest chip manu-
facturers and whether its predominance can be seriously challenged
remains to be seen. We now turn to developments in the component
industry.

6.4 Solid state technology

The need to have large numbers of valves in some types of electronic
equipment was already creating serious problems in the 1930s and
their miniaturization was faced with inherent physical limitations.
Large numbers of valves involved very high power consumption
and generated a great deal of heat, as well as occupying an enormous
space. The problem of heat in turn led to problems of reliability.
Hence the first generation of computers in the 1950s, although
successful (even with valve technology) appear today to be extremely
cumbersome, expensive and environmentally awkward. In fact,
the limitations of valve technology were realised from the start,
and Lukoff (1979) noted that ‘In 1953 Univac realised that the days
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of the vacuum tube were numbered. About 90 per cent of all com-
puter maintenance problems were due to the vacuum tube and it
simply had to be replaced’.

It was also these well-known limitations of valve technology in
relation to telecommunications that led Bell Laboratories to sponsor
a research programme in solid state physics in the 1940s, which
ultimately led to the transistor. This programme was able to draw
on much earlier academic research as well as on wartime experience
with crystal diodes and high purity germanium and silicon. A solid
state division of the American Physical Society had been set up by
1947, and the links between transistor technology and fundamental
scientific advances in physics have remained extremely strong.
This has been shown particularly clearly in a study entitled Science-
Technology Coupling in Electronics by Lieberman (1978). He
found that for industry authors publishing in the Transactions of
the Institute of Electrical and Electronic Engineers, references to
the basic science literature from Physical Review were actually
slightly more recent than those of university authors in basic science.
He concluded that the science-technology coupling had remained
strong in electronics over more than two decades as a result of the
continued birth of new science-related technologies in the solid
state field. Bell Laboratories was in an almost unique position to
make these strong connections with basic physics research, because
although an industrial laboratory, it conducted fundamental research
programmes on a long-term basis and operated almost like a uni-
versity for industry.

The need for smaller, more compact and reliable active components
was a general one and was not confined (as is sometimes believed)
to military or space applications. Indeed the success of the first
transistor was concealed from the military until shortly before
publication in order to prevent them from trying to put a security
blanket over the new technology. Possibly because of its position
as the research arm of a major government-regulated utility (Ameri-
can Telephone and Telegraph), Bell followed a very open policy in
communicating its results and licensing all comers and, following
the first innovation, progress in miniaturization has been extra-
ordinarily rapid (Figure 6.3). A decisive stage was the invention
of the integrated circuit in the late 1950s, enabling a number of
active and passive components to be produced together on one
‘chip’. Although G. W. Dummer of the Royal Radar Establishment
was one of the first to envisage this possibility and a model was
demonstrated at Malvern in 1957, the first patent was taken out
by J. Kilby of Texas Instruments in 1959. The first commercial
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Fig. 6.3 Electronics miniaturization 1940-75. Source: Braun and MacDonald
(1978).

innovation based on the much more effective planar production
process was launched by Fairchild in 1962. The average price of
integrated circuits fell from $50 in 1962 to $1 in 1971 and the
displacement of valves as active components during this period
is shown in Figure 6.4. Since then a series of further product and
process innovations (Tables 6.1, 6.2 and 6.3) have made it possible
to increase the number of components on a chip so rapidly that it
is now approaching a million (VLSI: ‘very large scale integration).

By the early 1970s this meant that it was possible to assemble
all the components needed for a powerful central processing unit
of a computer on a single chip — the microprocessor. The ‘hardware’
costs of computing fell by more than two orders of magnitude.
The- marginal cost of additional chips is so low that additional
standard units are available at a fraction of the cost of the older
computers and can be distributed by ingenious design throughout
automation and control systems for all types of industrial and
office process. These remarkable technical advances which in com-
bination permitted great reductions in costs and improvements
in technical performance, were achieved partly by the large well-
established firms in the electronics industry and partly by new
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Table 6.3 Major process innovations in semiconductor industry

ELECTRONICS

Innovation Firm Date of
Development
Single crystal growing Western Electric 1950
Zone refining Western Electric 1950
Alloy process General Electric 1952
3-5 Compounds Siemens 1952
Jet etching Philco 1953
Oxide masking and diffusion Western Electric 1955
Planar process Fairchild 1960
Epitaxial process Western Electric 1960
Plastic encapsulation General Electric 1963
Beam lead Western Electric 1964
Dielectric isolation Motorola 1965
Collector diffusion insolation Western Electric 1969
Ion implantation Mostek 1970
Self-aligned silicon gate Intel 1972
Integrated injection logic Philips 1973
Vertically oriented transistor AMI 1975
Double polysilicon process Mostek 1976
E-beam mask projection 1976
Plasma nitride processing 1976
Automatic bonding on ‘exotic’ Sharp (Japan) 1977
(35 mm film) substrate
Vertical injection logic Mitsybishi 1978

Source: Dosi (1981).

RCA, Phillips, and of course Bell with its manufacturing arm, Western
Electric). They were responsible for more than half of all the patented
inventions (Dosi 1981) and process innovations (Table 6.3). Table 6.1
shows that in Europe (as compared with the USA) both the early imita-
tors and first innovators were almost entirely the large electronics
firms. Table 6.2 covering the innovations since the integrated circuit
does not show first imitators in other countries, but the same point
is still valid.

Secondly, some peculiar features of the swarming process should
be taken into account. Many of the original ‘spin-off’ companies
which have been such a feature of this industry were formed by
individuals or groups of .scientists and engineers who left Bell
Laboratories and other large companies (Figure 6.5). As a regulated
telephone utility the Bell (ATT) system was not entirely free to
develop in a normal way as a component manufacturer and, as
we have seen, followed a policy of giving very free access to tech-
nical information to other firms in the electronics industry.

Thirdly, there was quite a marked difference between the pat-
tern of swarming in the USA and that in Europe and Japan. In
Europe very few new small firms or spin-off firms entered the
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semiconductor industry, so that the international diffusion of the
new technology was handled almost entirely either by subsidiaries
of firms in the USA or by the large established electronic companies
(such as Siemens, AEI, GEC, CSF, Phillips and its subsidiaries, etc.).
Even in this industry Schumpeter’s mark II model is relevant. New
entrants such as Texas Instruments and Fairchild were able to make
large profits from their innovations, but for rather short periods by
rapidly increasing their market share through a combination of
innovations, economies of scale and price reductions. Perhaps the
biggest single difference between the USA and European industries
was the way in which large orders for new circuits from the military
and space agencies enabled both new and older firms to exploit
economies of scale and the associated process innovations (Golding
1972). Whereas innovators in other industries (such as drugs) have
often initially attempted to follow a high price and high profit
strategy during the period of patent protection, the semiconductor
industry was remarkable for its price falls. Nevertheless, Sciberras
(1977) maintains in his study of the pricing behaviour of the most
dynamic new firms that they were following a strategy of profit
maximization. In his view the motive for big price reductions was
to deter new potential entrants by creating scale barriers of entry
in addition to technological entry barriers. In this, they have been
partly successful but the ‘competing away’ of profits has never-
theless pushed the average rate of profit down to the general level
for manufacturing in the USA. Dosi (1981) concludes that the
world semiconductor industry has in fact now become a mature
international oligopoly.

Employment in some mature sections of the electronics industry,
such as television, has levelled off or declined and although growth
continues in some of the most dynamic sectors, such as computers
and components (Table 6.4), the growth of employment in the
industry as a whole has levelled off or slowed down in the 1970s
— despite the continuing high rate of technical advance, the still
rapid growth of sales and investment and the enormous future
potential for applications of micro-electronics throughout the
economy. Even in some sectors where demand is so strong that it
has been little affected by medium and short-term business reces-
sions in the 1970s, employment has tended to stagnate or even
to fall, as in the case of the manufacture of telephone equipment.
These tendencies have given rise to a widespread debate about the
future implications for employment of micro-electronic technology.
In the final section of this chapter we discuss these wider applica-
tions of the technology.
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6.5 Micro-electronics

Almost every industrial and service activity is already affected to
some extent by the microelectronic revolution, since all require in-
formation and in some of them, such as banking and publishing,
information processing is the main function. The speed, scale and
reliability of microelectronics mean that the automation and con-
trol of industrial processes in real time can be vastly extended.
1t is indeed difficult to think of an industry or occupation which
will not be affected by microelectronics. The former Conservative
Party spokesman on technology, Ian Lloyd, could think of only
a few; among them were the makers of top hats, handloom weavers
in the Outer Hebrides and psychoanalysts. He may well have been
wrong about at least two of these.

Although ‘automation’ was by no means a new conceptin the 1950s
(since the thermostat is certainly a form of automation and was in-
vented in 1625) it was the electronic computer which made it poss-
ible to realise in practice an enormous range of applications of the
principle, which had been dreamt about before, but could not be
successfully developed because of the limitations and costs of electro-
mechanical technology. Thus, it is by no means unreasonable to link
together the electronic computer, semiconductor technology, auto-
mation and information technology and to describe them collectively
as a new industrial revolution or an ‘information revolution’.

In fact, this group of inter-related technologies had already begun
to revolutionize many industrial processes, office systems and
weapon systems before the advent of the micro-processor. The
significance of the micro-processor was that it drastically reduced
the hardware cost of a technical revolution that was already well
under way in the 1950s and 1960s. At the same time it both en-
hanced the performance of many existing electronic products and
systems, and made it possible to introduce a great many new ones.

However, the fact that a new technology has many potential
applications does not mean that all of these will occur simultan-
eously or even over a short time period. On the contrary we have
argued that the assimilation of a new technology is a matter of
decades rather than years, and in the case of the most important
technologies may extend over a century, since a variety of enabling
and facilitating social, managerial and educational changes may be
necessary before the potential applications in many sectors can be
realised in practice. This applies a fortiori to the international dif-
fusion of new technological systems. We have already referred to
the example of the railways and the automobile to make this point.
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Table 6.4 Employment in the electronics industry (USA, UK, Germany (F.R.))*

1958 1963 1967 1968

1970 1972 1974 1975  1976- 1977 1978 1979 1980

%
|
-
|
i
.
USA (SIC) |
3573 Electronic computing equipment n.a. n.a. 98.9 108.7 § 145.7 1446 177 163 166 193 231 267 306
3651 Radio and TV receiving sets 66.5 81.3 116.7 1125 ? 90.0 86.5 88 69 72 75 91 - 87 84
3661 Telephone and telegraph appliances 80.1 89.5 115.4 117.0 ; 155.6 1344 145 119 105 124 130 135 141
3662 Radio and TV communication 154.4 387.4 409.9 424.3 g 389.7 319.2 318 316 316 335 372 406 415
equipment 5
3671 Electron tubes, receiving type 37 25.9 21 18.7 : 14.3 11.4
3672  Cathode ray TV picture tubes 8.6 109 27.6 27.2 } 19.2  15.2
3673  Electron tubes, transmitting 20.1 18.7 18.2 18.7 . 16.8 20.5
3674  Semiconductors 23.4 56.3 85.4 87.4 87.6 97.6
3675-9 Electronic components, n.e.c. 108.9 176.7 251.3 235.8 ; 217.0 190.9
367 . Electronic components total 198.0 288.5 403.4 387.8 ! 354.9 3356 382 302 325 374 415 492 520
?
UK (MLH) i
366 Electronic computers n.a. 10.4 n.a. 19.1 2929 255 28.3 27.5 26.7 26.5 23.8 26.0
365 Broadcast receiving and sound
reproducing equipment n.a. 53.6 n.a. 41.6 52,0  48.5  54.1 50.5 45.1 433  38.9 36.7
363 Telegraph and telephone appliances 77.5 87.1 n.a. 87.9 93.2 96.6 103.8 98.3 81.5 71.1 67.6 59.8
364 Radio and electronic components n.a. 84.7 n.a. 108.6 126.2 1254 13%5.0 116.8 109.7 111.7 109.9 107.4
367 Radio, radar and electronic n.a. 75.3 n.a. 78.9 83.1 76.2 92.4 96.5 96.3 102.4 103.7 105.0
capital goods
Germany (F.R.) (IC)
3651 Telephone and telegraph apparatus n.a. 98.2 92.0 84.0 84.1 88.1 96.5
3653 and equipment
3661 Radio and TV receiving apparatus and n.a. 84.2 77.3 79.7 81.1 78.3 71.7
equipment
3663  Sound reproducing apparatus n.a. 334 31.1 28.8 27.0 26.95 25.6
3665 Electron tubes and semiconductors n.a. 26.95 19.3 19.4 19.3% 17.8 15.8
3667 Electronic components n.a. 53.9 52.2 50.0 46.9 51.8 49.4
5050  Data processing apparatus and equipment n.a. 41.2 39.6  36.1 37.3 419 46.2

*In thousands.

Sources: USA: Annual Survey of Manufacturers, various issues, and US Industrial
Outlook, various issues; UK: Census of Production, various issues; Germany F. R.: ZVEI
Statistische Mitteilugen Produktionsbericht, various issues.
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In the case of electronics, visionary scientists and engineers, 5
such as Wiener (1949) and Diebold (1952), were essentially right §
thirty years ago when they foresaw the many potential applications 8 Yy gé gy 3§
of electronic computers throughout the economic system in both 3 E8889, 28 @E'ﬁ ”
factories and offices. Where they went badly wrong was in their X @ 3 §'§§§ §§ g’)ﬁﬁ 2 §§
estimation of the time scale. Wiener failed to take account of the & ; N 22 8388 22 E34 5
long time lags in building up a capital goods supply industry and } | - <
a component industry on a sufficient scale to provide all the com- t 8 = w2 & 93k 2
puter power, peripherals and instrumentation for this vast trans- E £ls -.5?5.3 w8 8528 &
formation. Even more, perhaps, he underestimated the time scale ? ¥ § § Eégégg §§§§ E
needed to educate and train millions of people in the design, re- | o mERSSE = 2
design, operation and maintenance of a huge variety of processes § o = g
incorporating the new technology. Finally, he took insufficient i & g o " §
account of the relative costs of the new technology which was g g g 5 55%’ E
still unattractive in purely economic terms for many potential ; = 2 28 2o 2 e o 858 ¢ g
applications. i = SRR '§ %E‘E § T@@%ﬁ 8% =

As we have seen, during the 1950s, 1960s and 1970s there was i < &8 |34 SER< ®23%4 5 I
indeed a massive expansion of the supply potential of the electronic 3 E i
capital goods and component industries and an enormous improve- % S " [ - B
ment in their relative costs and reliability compared with older E o4 qg) - £ Py 2 B B £
electro-mechanical systems. But this still does not mean that there | v g £ § e £833 7 § ‘3 5 £ B 8
can be a sudden introduction of the new technologies throughout L 8 ‘2 S 2% g gf E c%%‘é EF'“;E E é‘j«"} £3 SE B
the economy, for several very important reasons. First of all, there 'Eo.g SI55%88 53E2ufEids ééé’%g e )
is still a skill shortage especially in those sectors which have never E Y S| OPHEC OsdRJseses HEELLS 8
had any wide experience of electronics technology. Secondly, the 55 « o = % =
software costs in designing entirely new applications can be ex- Bol| — 2 §m 9 §§ £ % EEq2 i’;;;
tremely high even though the hardware costs have been drastically 2E| ¢ 8 9uEp wEogEEge < g i%ﬁé £8
reduced. Thirdly, full-scale automation may only be possible in % v §"‘§ é%é EES E%EEE e ER EES %‘g’é g ?5’5
association with other heavy re-equipment investment. Finally, 8 § f’;& S é%ﬁ §§ g §—§ g i ggg% 2% géfg—EEE, E.g.
in some important service sectors it may only be possible as a result £ 3 RSIT | EPEOSs 2SBERANA RECFOSESA E%
of legislative, organisational, managerial and social changes which o 2.3
take a long time to bring about. [ T8 o 3?§

We have already suggested that the ‘natural trajectory’ of major Tg-g — 'g‘ 5 §§ = %u‘é"s §§'
all-pervasive new technologies, such as electronics, steam power 58 § g 8 5@ b9, g ‘c"g i%”? 5 S8
or electricity, takes the form first of all of applications in the fastest CIN ﬁ; E .5 EE £ é g & E §§ g53 EwE f—lvs—:‘%
growing newer industries where a lot of expansionary investment 3 § §1§ S .§§§§§§ §§T§ §§§§§§§§§§ §<’§ &
is in any case taking place, and where there is greater acceptance g & w= | HeXiac eva PREREETEEA 3§§
of innovations and greater availability of skills capable of using EEL RS gg%
the new technologies. Thus the main beneficiary so far has been B2 ED 2§ gL g
the electronics industry itself, which makes extensive use of com- i “lE £ ws2. . 58.u% § w t%.:?
puter aided design for both chips and end-products, of computer © S E 5%3 589 2 g =L EPE-E §§ s
controlled production and stock control systems and of electronic 2 § s -%’ﬁ—é"g %E £t g°§§ ggi g Ve
office systems (Table 6.5). & & 9|8T23%s £394% EESH)
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The second group of firms to make early and extensive use of the
new technology were those where electronic subsystems represented
a large part of total product cost and where the necessary skills were
either already available (as sometimes in the case of scientific instru-
ments and cash registers) or could be injected by aggressive strategies
on the part of component suppliers (as in the case of calculators).

A third group of firms to use electronic technology rather quickly
were those already operating large-scale flow production systems,
especially those with innovative management facing expanding
markets, as in the case of the chemical industry and the electric
power industry in the 1950s and 1960s. Flow processes were al-
ready partly automated using older techniques. All of these three
types of firm were able to achieve very big and sustained increases
in labour productivity in the post-war period through the combined
advantages of the new technology and the exploitation of scale
economies (Chapter 7).

When, however, we come to consider the older and slower growing
(or declining) sectors of the economy, especially those with a low
endowment of qualified engineers, then the problems of diffusion
are very different. Empirical diffusion studies suggest that thirty
years is by no means uncommon for the time period over which
revolutionary innovations are diffused through the majority of
a potential adopter population and it can be much longer. These
big variations in the responsiveness of different sectors of the eco-
nomy to the diffusion of new technology are illustrated in Table 6.5.
They account for much of the controversy about the impact of
micro-electronics where those involved are often talking at cross
purposes because they are referring to different sectors of the eco-
nomy, where different time scales apply.

6.6 Summary

As in the case of plastics in Chapter 5, we shall now attempt to
draw together this discussion of the introduction and widespread
application of electronics technology and relate it to the more
general issue of long cycles in the economy.

(i) Following the original growth of the radio industry in the early
part of the century a series of inter-related revolutionary product
and process innovations were introduced in the 1930s, 1940s, 1950s
and 1960s. Clustering of innovations in the 1930s and 1940s was
less clearly marked than in the case of plastics; innovations in solid
state technology only started in the 1950s and continued for thirty

i
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years. Some important innovations (lasers, communication satellites,
optical fibres, word processors, etc.) occurred only relatively re-
cently. However, three of the most important of all innovations —
television, radar and the computer — did occur just before, during
and after World War Il and were the main source of post-war growth
of the electronics industry.

(i) Again as in the case of plastics, all of these innovations and the
revolutionary series of innovations in semiconductor technology
owed a great deal to advances in fundamental science, in this case
solid state physics. The development of both radar and computers
depended on a very close and continuing interchange between the
basic science community and industrial and military users. The
wartime mobilization of physicists in the UK, USA and Germany
greatly facilitated this interchange and the war generally acted as
a forcing house for many new technical developments.

(iii) Although military demand was certainly important, normal
commercial demand was much more sluggish and it was only after
a fairly long period of science and technology ‘push’ that some
of the most important commercial innovations got off the ground.
A combination of government-sponsored, university and industrial
R and D was important throughout, even after the swarming process
was well under way in the 1940s and 1950s.

(iv) Once commercial applications did develop, the exceptionally
large profits made by some of the innovating enterprises (especially
IBM, RCA, Texas Instruments) did attract the Schumpeterian
‘swarming’ of imitators and an extraordinarily rapid growth pro-
cess set in, associated with many further clusters of invention and
innovation. While Schumpeter’s mark II model represented much
of this subsequent innovation fairly well, with established electronic
firms playing an important role in using their in-house R and D
facilities to keep pace with the technology and to advance it in
some areas, there was also an important contribution from new
innovative enterprises. This was especially important in the USA
and in the components and instrument industries (see also Chapter 7).
It was much less important in Europe and Japan.

(v) Even in areas where established oligopolies predominated,
competition was sufficiently severe to erode profit margins fairly
severely in the 1970s. An important feature was the severity of
the international competition. At the same time economies of
scale exerted an increasingly powerful influence and capital in-
tensity increased rapidly. In the early phase of its growth in the
1940s and 1950s the industry had been extremely labour-intensive
and took advantage of low labour costs in Asia and elsewhere, but
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this was changing by the 1970s. Consequently, although rapid
growth of sales and investment continued throughout the 1970s
the employment generating effects of the new technology diminished
significantly.

(vi) There is still enormous potential for further growth and applica-
tions of micro-electronic technology throughout the economy
but the time-scale for many of these applications will be a matter
of decades and one of the main thrusts of new investment in the
immediate future seems likely to be designed to exploit the labour-
saving potential of the technology in other industries and services.

3
!
|

7 THE PATTERN OF POST-WAR
STRUCTURAL CHANGE

The synthetic materials and electronics case studies of the two
previous chapters illustrate well the big-boom phase of the post-war
Kondratiev. The crucial new technology band wagons (drugs, plastics,
television, transistors and computers, which were identified earlier
on with the fourth Kondratiev upswing) all relate directly to both
the chemicals and electronics industries. In Chapter 4, we argued
that the impact of these new technology bandwagons was so im-
portant that they represented what we called ‘new technology
systems’ rather than a set of haphazard bunches of discrete basic
innovations and were, as such, directly responsible for elevating
the whole economic system on to a higher level of economic growth.

In this chapter we will broaden the analysis to the more general
issue of differences between the various sectors of the economy
in their productivity growth, indicating the possible inter-sectoral
differences in the rate of technical progress and differences between
these various sectors in output growth, which reflect both technical
change and changes in demand. In a first brief empirical section
we discuss some of the most striking differences in economic growth
between industrial sectors for a number of European countries
over the post-war Kondratiev boom. In the second and third sections
of this chapter we discuss, in more detail, the implications of the
differential effect of technical progress on the various sectors of
the economy: in other words the implications in terms of changes
in industry structure, as well as changes in demand. In the final
section we conclude our brief ‘excursion’ into dynamic demand
issues, by relating it to both Schumpeter’s mark I and mark II
analysis.

7.1 A brief statistical exploration

From what has been said so far it is obvious that economic growth
is far from a smooth, homogeneous process. Underlying overall
macro-economic growth, one finds industrial sectors that are virtu-
ally disappearing and totally new sectors that are just emerging.

Following World War II many FEuropean countries achieved
rapid economic growth in the first instance because of the initial
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massive capital destruction and the ensuing phenomenon of catching
up. Yet, despite this generalized process of exceptionally rapid
growth, which affected most sectors of the economy, growth rates
differed substantially between the various industrial sectors. As
illustrated in Tables 7.1 and 7.2 the fastest growth sectors (1960-73;
were relatively ‘technology-intensive’ (e.g., chemicals, plastics,
electrical and electronic equipment, instruments and communica- §
tions) and industries meeting the changing pattern of consumer
demand for goods with high income elasticities (e.g., cars, consumer
durables, drugs, etc.). These sectors contributed significantly to
overall economic growth in the various EEC countries, their output
growth rate being nearly twice as high as the output growth rate
for the whole economy. Interestingly, however, only in the case
of the UK, the Netherlands and Belgium was the average growth
rate of labour productivity in these sectors also nearly twice as high
as the overall growth rate in labour productivity. As a consequence,
the annual increase in job creation in these sectors was significantly
higher than in the economy as a whole In most countries. Never-
theless, because of the greater gains in labour productivity and
because of stronger pressures from international competition, the
increase in prices in these sectors was markedly less than in the
manufacturing sector generally or in the overall economy. The data
shown in Table 7.2 are at a relatively high level of aggregation.
More disaggregated statistics (e.g., for electronics within the electrical
equipment industry and for plastics within the chemical industry)
show even faster rates of productivity and output growth and still
lower price increases for these subsectors.

By contrast and also illustrated in Tables 7.1 and 7.2 the de-
clining sectors (agricultural products, textiles, clothing, shoes, solid
fuels) had low output growth rates, well below the average for the
economy as a whole. Yet while the growth in capital stock was also
significantly below the overall growth rate, the growth in labour
productivity was practically identical to the rate for the overall
economy, resulting in considerable employment losses — excluding
agriculture, the jobs lost in these sectors roughly equalled the jobs
created in the growth sectors.

A similar picture to Table 7.1 and 7.2 could undoubtedly be
drawn with respect to the USA, Japan and most other developed
countries. Yet it must be stressed that the process of structural
change can only be fully analysed at relatively high levels of dis-
aggregation; this change can be at least as important within industrial
sectors (e.g., from individual components to integrated circuits),
as across the broad industrial sectors mentioned in Table 7.1. In
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Table 7.1 Fast and slow growing sectors in the EEC, including UK: 1960-73

L The fast growth sectors™
Crude and refined oil,
Precision instruments,
Communications (82)
Banking, finance and

I The slow growth sectors™
Agricultural

Metal products (41)
Agricultural and

Germany



Belgium
105

Netherlands
32.6
143
83
n.a.

33.1
126
64

UK

n.a.
n.a.

23.3
n.a.

Tialy

France
29.7
9.0
2.3
125
102
56

Germany

33.8
130
123
70

Fast growth sector
Overall economy

Slow growth sector
Fast growth sector
Slow growth sector

Total industry

Table 7.2 Characteristics of fast and slow growth industries (EEC: 1960-73)

Contribution of the fast growth

sectors (in %) to total growth
Average annual labour productivity

(in volume) of market economy
growth (in %)

Average annual growth of
stock (total economy = 100)

value added (in %)
Relative growth of capital

Characteristic
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8.6
4.3
5.2

6.5
5.4
6.0

5.1
4.6
4.7

Fast growth sector
Overall economy

114
123
—260

96
368
—297

278
199
—-1088
2.6
4.3

322
—1620
—3152

648
1267
—1877
2.5
4.6

1087
—931
—2015
2.9
3.4

Source: EEC, Maldague Report I (1978).

Slow growth sector
Fast growth sector
QOverall economy

Slow growth sector
Fast growth sector
Slow growth sector

Overall economy

Employment growth (in thousands)

Annual growth in prices (in %)
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any case the process of differential output growth on the one hand
and differential productivity growth on the other hand raises a
number of important questions with respect to changes in the
composition of demand, structural change and overall employment.

7.2 Structural change and technical progress \! g

One of the main reasons why classical and neo-classical macro-
economic growth theory (even when formally introducing technical
progress) is of so little relevance to our long wave discussion,
lies. in the implicit assumption that technical progress (just like
population growth) can be expressed in terms of an overall rate.
This implies that not only is the rate of technical progress iden-
tical in all sectors of the economy, but also that demand growth
is uniform across sectors. In such a world, ‘full employment’ is
actually difficult to ‘avoid’ and even the attainment of a perfect
‘natural’ dynamic equilibrium growth path is pretty straightforward.*
If this were true, economists would indeed be quite justified in
spending most of their time on more important ‘short-run’ static
problems.

As discussed earlier, in Chapter 4 _technical change is not only
unevenly spread over time, with swarms of innovations sweepmg“
throughout the economic system in certain periods but not in
others, it .also h.:ls oulte .distinct mfluences on the various sectors
of the economy — giving rise to fast product1v1ty growth in some
se_ctors and low prod”ﬂctwlty growth in otners whlle ‘at-thesame

heart of economic change to the extent that.it leads to.a continuous
process of structural change within a wide range of fast and slow
growing industries.

The crucial importance of technical progress in generating such
a process of differential productivity growth was most clearly recog-
nized by Salter (1960) who made it the centre piece of his analysis.
While more attention is paid to the investment mechanism through
which technical progress is transmitted to industrial practices in
Chapter 8, here we will focus on Salter’s description of the process
of an initial uneven spread of technical progress as between industries
leading directly to a process of differential productivity growth,
which will be compensated in price adjustments to which demand
in the form of output growth is assumed to respond directly. Salter’s

*Fach single sector and, by definition, the economic system as a whole expands at a rate
equal to the rate of technical progress plus population growth.
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view of the world was primarily supply oriented and stands in many

d models

' determined — with rapid output growth generatmg dynamlc and
static-economies of scale and resulting directly in rapid productivity
growth. While both theories each describe a different facet of the
real world, for our present purposes we are more inclined to follow
Salter’s description to the extent that it puts the emphasis clearly
on the rate of technical progress without ignoring economies of
scale but rather assuming that they are secondary or in many ways
dependent .upon_ technical progresws‘lOf course both views result
fin_an identical ‘hypothesis’, namely that differential rates of pro-
iductivity growth are closely and positively correlated to inter-

11ndustry output growth rates. The causality from one to the other

is, of course, the opposite in the Salter case as compared to the
.Kalddq}’ case.

Salter’s empirical evidence for his ‘model’ was not only based
on a close correlation between output and productivity growth,
but also on the two crucial subresults implicit in his argument,

namely that:

(a) inter-industry productivity growth rates were closely and
negatively correlated to inter-industry price growth rates; and

(b) the latter were negatively correlated with output growth. In
other words, in Salter’s model productivity growth was associated
with output growth via the influence of relative prices.

In updating Salter’s analysis, which related to the period 1924
to 1950, Wragg and Robertson (1978) noticed that while the re-
lationship between output and productivity growth was also clear
for the post-war period, the relationship seemed to weaken for the
period 1954-63, but strengthened somewhat for the more recent
period 1963-73 — something for which we found confirmation in
our own updating for the rather short period 1978-9% (see Table 7.3).

However, there remains for the post-war period a considerable

*An identical sample of eighty-two industries {as in the case of Wragg and Robertson)
was used for the period 1973-9. Overall (i.e., in terms of the mean of all industries) there
was a drop in average annual output growth over the period 1973-9 of 0.75 per cent, a fall
in average annual employment growth of 2.12 per cent and an increase in average annual
productivity growth of 1.38 per cent (all compound growth rates). This compares with
average annual output growth rates of 2.5 per cent in 1954-63 and 3.2 per cent in 1963-73,
average annual employment growth rates of —0.4 per cent in 1954-63 and of —1.2 per

cent in 1963-73, and average annual productivity growth rates of 2.8 per cent in 1954-63

and of 4.2 per cent in 1963-73.
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Table 7.3 Relationship between output per head (Y) and gross output (X)
(UK: 1924-79)

1924-50 Y =113.3 + 0.23X* R®*=10.64
1954-63 Y= 91.0 +0.31X* R*=1039
1963-73 Y= 84.2 +0.51X* R*=0592

Y= 115 + 0.64X* R?2=10.50

1973-79

*Significant at the 1 per cent level.
Source: Wragg and Robertson (1978) for 1924-73; 1973-79 calculated from Census
of Production.

amount of unexplained inter-industry variance in productivity
and output growth.JMore specifically, more than a third of the
industries analysed Had either above-average output growth and
below-average productivity growth or below-average output growth
and above-average productivity growth|Wragg and Robertson them-
selves advanced the Reddaway ‘structural reorganization’ hypothesis,
which focuses specifically on the structural reorganization of de-
clining industries (where the most inefficient plants or vintages
are closed, leading directly to at least a measured Increase in pro-
ductivity of the remaining firms), as the most probable explanation.
Indeed, a large number of industries with above-average, or rela-
tively high, productivity growth but below-average, or sometimes
negative, output growth were related to the textile and clothing
industries, *_jAn additional factor that might well explam the rapid
/productivity growth in these ‘declining’ industries is, of course,
élnternatlonal competition, which (following Vernons product-
+ life cycle model) can be assumed to increase dramatically in the
1 ‘mature’ phase of the mdustry \

i

fluence of productlvit;} ) growth on relative prices,T is of course
1ncompat1b1e with the sort of simple supply-model described above.
It-is in relation to these industries, where the possibility of expand-

ing demand is limited, that _rapid techme:ﬂ progress w1ll lead most

directly to technologmal unemoloyment In many ways one could

*With negative output growth rates but positive productivity growth rates: railway
vehicles, coal-mining, hats, motor cycles, weaving, rope, spinning and doubling, jute, gloves,
canvas, leather, woollen and worsted, textile furnishing, nuts and bolts (1954-73). It is
interesting to note how in the more ‘depressive’ period 1973-9, this list nearly doubles to
twenty-four industries (out of a total of eighty-two), including now (with above-average
productivity growth, but below-average negative output growth), some of the major fourth
Kondratiev growth industries such as office machinery, telegraph and telephone and man-
made fibres as well.

fWith price elasticities of demand well below 1.

As already illustrated in Section 7.1 the existence of declining
industries, in which demand does not pick up whatever the in-
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1dent1fy ‘depressions’ as those periods in WhICh the industrial struc-
ture is fundamentally unbalanced by an increasing number of in-
dustrial sectors entering their declining phase, and a decreasing
number of expandmg industries. The depressmn will last until suffi-
clent capital is scrapped and redirected in the expanding sectors
of the economy. It is best described as a prolonged period of
creative capital destruction. Here, we are taking capital in its
broadest sense; one of the most painstaking ‘adjustments’ probably
relates to the ‘scrapping of human capital’ and the difficulties in
generating quickly new skills. The fact that in some sectors in the
economy (to some extent irrespective of the rate of te]mcal‘pro-

gress itself, productivity growth or even pricing behaviour) dutput.

growth or demand flattens out after some time, points towards
the crucial demand aspects.of technical change and income growth.

7.3 Technical progress and changes in demand and
industry structure

TThe overall employment effects of differential productivity growth
' depend in Salter’s model on two crucial sets of elasticities — the
fprice elasticity of output (or demand), and what could be called
| the product1v1ty elasticity of prices’ (i.e., the degree to which an
increase in productivity growth leads to a proportional decline

. In prices). It should be stressed that productivity gains may not

necessarily result in lower prlces but rﬁlght be dlstrlbuted in_their

totahty to Iabour in " the form of hlgher earmngs and/or to the

through relative prices, where it is, in the flrst _instance, the con-
sumers who are the beneficiaries of the product1v1ty gains. There-
fore, it can be said that with suff1c1ently large price and productivity
elastlcmcs productivity growth should raise the growthﬁgf output
enough to increase, or at least maintain, the level of employrrfént

As Wragg and Robertson noticed, while the evidence for the
period analysed by Salter (1924-50) does indeed point towards
such an effect, there is no longer any evidence for a close correlation
between differential productivity growth and employment growth
in the manufacturing sector for the post-war period. Confirmation
of Wragg and Robertson’s result is also found for the most recent
period (1973-9) for which the sign of the relationship has actually
turned negative (see Table 7.4).

Underlying this change, there is evidence of a further weakening
in the relationship between output and employment growth, which
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Table 7.4 Relationship between employment (Y) and output per head (X)
(UK = 1924-79)

1924-50 Y=17.6+ 0.61X* R%*=10.38
1954-63 Y=171.7+0.19X R*=0.02
1963-73 Y =759+ 0.08X R*=0.01
1973-79 Y =10.1—0.07X R?=0.01

*Significant at the 1 per cent level.
Source: as in Table 7.3.

had already been noticed by Cripps and Tarling and has been further
confirmed by Wragg and Robertson’s findings and our updating
(see Table 7.5).

Table 7.5 Relationship between employment (Y) and output (X) (UK =

1924-79)
1924-50 Y= 61.2+ 0.28%* R?=0.86
1954-63 Y= 33.8+ 0.50X* R2=0.73
1963-73 Y= 42.6+ 0.33X* R2=058
1973-79 Y =—10.0 + 0.42X* R%>=10.89

*Significant at the 1 per cent level.
Source: as in Table 7.3.

In other words, as_compared to the inter-war period, employment -
creation has been less and less associated with the fast growing -
(or rapid productivity growth) sectors.-This tendency was already
noticed in both Chapters 5 and 6, where the employment generation
of both the plastics industry and parts of the electronics industry
fell quite substantially over the post-war period, particularly during
the 1970s.

The change in the relationship between employment growth and

\ both productivity and output growth over the post-war period seems
to suggest that, as compared to the inter-war period, the price
elasticity of demand and/or the productivity elasticity of prices
have fallen. This is something that we would argue is directly related
“to the changing nature of industry structure, as well as to demand
behaviour, over the various phases of the long wave. We will discuss
changes in industry structure and relative prices first.

The process of rapid technical progress which accompanies the
birth of new industries in the early phases of a long wave, gives
rise both to the emergence of new firms (growing at phenomenally

%high rates and leading after a number of years to rather important
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~  With respect to post-war economic growth one has only to refer
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changes in the overall industrial structure and the concentration of
the economy as in Schumpeter mark I), and to the rapid growth
of those branches of large firms which promote the new technology
(as in Schumpeter mark II).

to the phenomenal growth rates of such firms as IBM (mark II),
Xerox and Polaroid (mark I) in the 1950s and 1960s. This has not
only lead to crucial changes in the overall structure of the economy
of the USA, as a glance at the 1950 and 1970 Fortune 500 list will
reveal, but it has also, and perhaps paradoxically, been accompanied
by a significant increase in overall industrial concentration. Table 7.6
contains some information on overall concentration for the USA
and the UK based on census data. While the increase in overall
concentration is particularly striking in the case of the UK, the
14 per cent increase in the share of total output accounted for
by the 200 largest US companies over the period 1947-76 is also
impressive.

~.The tendency towards increased industrial concentration is in
;our view a typical characteristic of the ‘prosperity-maturity’ phase

_ of the long wave. In the early phases, or in the final phases of the

previous Kondratiev, the structure of the new industries (which
will eventually become the major ‘Kondratiev-carriers’), is highly
unstable; the innovating firm(s) may be forced to take substantial
risks, with very little scope* for preventing imitators from entering
and taking over, thereby causing the innovator to fail.

| Over time, however with the maturing of the 1ndustry, entry is

“not only becommg more and more difficult, it is also becoming

less and less attractive for potential entrants as the process of the
‘competing away’ of profits gains momentum. With the need for
turther cost reductions, the’pressure for standardization (needed
to realise the crucial economies of scale) increases, and the industry
| becomes gradually more concentrated with entry becoming effec-
tlvely deterred. In addition, the devotion of large resources to
R and D should at least allow the firm to play the role of the fast
imitator without having to incur most of the risks, whenever a
radically new innovation is brought on the market by a new firm.
When the latter becomes successful against all the odds there re-
mains even the relatively costly option for the established firm
to acquire the new firm.
é{ In the course of the gradual change in the structure of an industry
*Legal protection under the form of patents will always be sought, yet it will not always

be a sufficient guarantee for preventing imitation. This could well explain the difference in
the propensity to patent between large and small firms (Soete 1979b).
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Table 7.6 Industrial concentration in the USA and the UK (in percentages)

USA

1954 1963 1967 1972 1976

1947

Share of total value added by

<
o~

25

25

17
23
27

The largest 50 companies

<t
<«

33
39
43

33
38

42

33
37

30
34
37

The largest 100 companies
The largest 150 companies
The largest 200 companies

40

44

41

30

UK

1953 1963 1968 1972 1978

1949

Share of total net output by

27 37 41 39 39

22

The largest 100 companies

Source: USA: US Department of Commerce (1980); UK: Prais (1976) and Census of Production (1972, 1978).
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.from its birth to its decline, it seems possible to identify a shift in
*the industry’s pricing behav1our from a high unstable initial mono-
poly one — in the very early phases where one might well assume
' that most of the productwlty gains will accrue to the capital owners,
;under the form of ‘pure’ monopoly profits — to a more competitive
' one in the still early phases of the industry’s life cycle, with some-
| times a dramatic fall in prices. Later a more ‘oligopolistic’ pricing
| behaviour develops in the more mature phases of the industry’s life
| cycle when there is either price-setting by the leading firm cr a more
| elaborate price cartel agreement.
~ The gradual shift in the early phase from the innovator’s initial
monopoly to a more (and sometimes extremely) competitive situa-
tion depends, of course, to a crucial extent on whether the innova-
ting firm fails in solely ‘appropriating’ its own innovation. Established
innovators (mark II) might often be more successful in preventing
imitation than the new innovating firms (mark I). In addition, in
some industries (e.g., the drug industry with librium and valium),
innovators might be able to use patent protection as a sufficient
technological entry barrier and continue to enjoy ‘pure’ monopoly
profits over a relatively long period.
In most other industries, however, it is the entry of imitators over
~ the fast-growing phase of the industry or product life cycle that leads
to the ‘competing away’ of these profits, a fall in prices, and a shift

| of the gains from productivity away from the capital owners to the
| consumers in the form of lower prices. This shift, while reducing the

attraction of entry to other firms, is important for the future growth
of the industry, to the extent that it provides a direct and essential
‘impulse’ to the industry’s output growth. Once that growth is clearly
identified, firms will try to use static and dynamic economies of scale
to the best of their advantage.| There will be a gradual shift from a
;reldtlvely open price competition structure to a more ohgopohstlc
‘closed’ pricing behaviour. To the extent that oligopolistic pricing
deters potential new entrants sufflmently, firms might become more_
geady to distribute the productivity. galns to their employees, havmg
faccounted for a sufficient profit-margin. From a single firm’s point
of view the distribution of the productivity gains amongst its own
‘workers is actually more advantageous than the ‘impersonal’ spreading

of these gains over all consumers. Not only does it allow firms to -

/‘buy’ social peace from its workers and trade unions, it also as
b 3

/ Pasinetti (1981) observes, creates a ‘labour aristocracy’, with relatlvely

weak loyalties to the trade unions. It also establishes stronger links
between workers and ‘management’, where the workers’ interests can
be directly identified with the firm’s interests.

-

THE PATTERN OF POST-WAR STRUCTURAL CHANGE 139

What mlght upset this relatively  stable ‘oligopolistic’ industry —

J
i

most dlrectlyjls foreign competition, { based on some absolute cost
advantage. Again the productivity gains, here primarily trade gains,

will accrue primarily to consumers through lower prices. Downward /
wage inflexibility will normally lead to exchange rate adjustments
or increased pressure for protectionism, leading to possible further!

reprisals, etc. In the long run the most probable outcome is, however,
some ‘new’ form of international oligopoly structure, with agreed
International price setting, ‘voluntary’ export restraint, etc.

In relation to the specific questlon of why the ‘productivity

elast1c1tles of prices’ mlght have fallen in the manufacturing sectorwi

over the post-war period, the previous discussion suggests that over
the fourth Kondratiev long wave, and with the flattening out of
growth — at least with the ‘maturing’ of some of the crucial main

Kondratiev carrier industries — the structure of these_industries.

I
(as well as overall industrial structure) has become more concen-

trated, with firms having become gradually more ready to distribute

sumers_in general under the form of lower prices. It is also worth-
while noting that to the extent that such a pohcy prevailed throughout
most sectors in most Western economies in the 1970s, it might
well explain the phenomenon of widespread creeping inflation in
terms .of an upward adjustment of prices in those sectors with
below average productivity growth.

As Pasinetti observes, if the sectors with rapid productivity growth
do fail to cut prices in any significant way, the only way for the
price system to restore or maintain its allocative eff1c1ency 1s through
a correspondmg rise in the general level of prices, If one fails to
observe this prlce adjustment mechanism, any attempt to limit
the overall price level from increasing based on purely monetary
considerations, will in the long run lead to further distortions in
the price system. While these attempts might prove relative success-
ful in the short run:

they can only succeed to the extent that they make a price distortion perm-
anent, thereby generating inefficiencies, or, even worse, to the extent that,
by discouraging investments, they slow down the whole process of increase
in productivity and therefore of economic growth. (Pasinetti 1981, pp. 221-
222).*

*This is actually directly admitted within present British monetary policy: ‘A constraint
on the growth of money expenditure implies that an increase in investment, whether public
or private, must be accompanied by some reduction in other expenditure’. In other words
any upswing of ‘autonomous’ investment, resulting, for example, from a major product
innovation, will result in government steps to reduce expenditure elsewhere in the eco-
nomy by the same amount. How an economy might ‘recover’ from a severe recession/

the productivity gains to their employees rather than to the con--
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‘The second factor which might explain the further weakening of
the relationship between employment, output and productivity
growth over the post-war period, relates directly to a possible fall
in the price elasticity of demand. Indeed, the possibility of demand
becoming more influenced by income elasticities and less by price
elasticities, as mentioned by Wragg and Robertson (1978) amongst
others, provides an additional incentive for firms to distribute
their productivity gains under the form of higher earnings rather
than lower prlces

The whole issue of the evolution of demand over time (in par-
ticular its composrtlon) has received little attention in economic
theory. The only dynamic demand theory that has been subject

to empirical testing and has received ‘law status’, is the rather old

‘Engel Law’, which states that the proportion of income spent on

food dechnes as income increases. Crude generalizations of this
law have undoubtedly been responsible for a number of general
consumer demand saturation arguments, which though quite valid
for a number of individual durable consumer goods (in particular
the so-called white goods such as refrigerators, cookers and washing
machines) are not directly supported by the overall evidence on
the ‘marginal propensities to consume’ of most Western economies,
as these do not seem to have fallen (or increased) in any significant
way during the 1960s or 1970s.

A more correct general formulation suggested by Pasinetti (1981)_‘

of Engel’s Law pomts, however, to the ‘non-uniform’ and ‘non-

proportional expansion’ of demand with increase in income; more
specifically he states that ‘the. proportlon of income spent on any
type of ‘good changes as per capita income. increases’ (p- 70). T

a large extent these changes will occur independently of the pI‘lCC
elasticity of demand for these goods, but according to some sort
of order of priority of consumer needs. Prices, while of crucial_
importance at any given level of income (i.., within primarily

depression under such a policy where increases in investments and other components of
demand will be matched by comparable reductions elsewhere in the economy, is of course
the crucial question. According to H.M. Treasury:

The answer is that a reduction in the rate of inflation is a pre-condition to the resumption

of economic growth, because as inflation falls the growth of nominal expenditure per-.

mitted by our existing monetary and fiscal policies will increasingly consist of a rise in
real output, and-that is how we will grow (H. C. 348 HMSO 1981, as quoted in Kaletsky
1981)

If, however, as Pasinetti observes, inflation is primarily the response of the economic system
to restore price efficiency (compare, e.g., the price rises in some of the nationalized ‘de-
clining industries’, with overall price rises), the only way the economy can ‘recover’ or
‘resume’ economic growth is through a different economic strategy.
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a static framework) ‘can only postpone or anticipate a time path
which, if real income increases is going tp take place;anyhow’.

In a situation of rapid income per caplta growth such as occurred -

in the 1960s and early 1970s, there is little doubt — from a purely
theoretical perspective — that price elasticities might have fallen,
and that demand itself would become more and more dependent
on income elasticities. Wrth rapid income per capita growth it is

“the development of new products corresponding to new consumer

wants that is the crucial factor in maintaining the balance between

the rate of growth of productivity and the rate of growth of outpuj
and by mphcatlon full employment -

7.4 Technical change, recovery and the identification
of new demand

The emphasis put on the changing nature of ‘demand’ and its relation-
ship with technical progress in the previous section, leads to one
of the major demand explanations for recessions or slumps, directly
related to the differential ‘structural’ effects of technical change on
demand. It can best be described in terms of more or less typical
‘Keynesian’ demand deficiency periods — more precisely, periods
in which the growth rate of effective demand falls short of the rate
of growth of the production potential because of increasing effects
of saturation in a large number of existing mature goods and because
of a failure to identify new consumer wants.

Again, Pasinetti (1981) has provided an interesting elaboration
of this Keynesian interpretation of recessions or slump< In his
view, Keynesian demand-stimulating policies, while useful in terms
of avoiding some of the negative aspects of recessions, will not
alter the ‘structural demand’ problems which are,related,,go_‘the
fundamental difficulty of the economic system in identifying new
consumer wants, and they are therefore unable to cause a resump-

tion of economic growth *

*According to Pasinetti:

‘When per capita incomes are increasing, consumers are pushed inte new and previously
unexperienced fields of consumption, in which they are compelled to make their choices;
and it may from time to time become very difficult for the investors to detect clearly which
are the directions in which consumers’ choices are going to expand {or may be induced to
expand). When this happens, and some uncertainty falls over the future direction of expan-
sion, the simple attitude of waiting or of postponing the actual undertaking of investment,
will cause the weighted sum of the investment coefficients to fall . . . . Unemployment
will inevitably appear, and it will be unemployment both of productive capacity and of
labour force.” (Pasinetti 1981, pp. 233-4).

‘Had this been correctly understood many recent disillusionments with Keynesian theories
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According to Pasinetti, the latter can only be overcome l?y speed-
ing up the rate of learning,* something which th(: multi-product
large firms might be particularly good at, ‘by keeping backlogs of
ideas to be used when needed’ (p. 235). Pasinetti’s definiton of the
‘rate of learning’ is unfortunately neither clear nor useful when
describing how the system eventually moves out of its self-imposed
‘pause’.

The most crucial factor affecting this rate is, of course, technical
progress itself, which through the development of primarily new
products and through process innovations will enable effective
demand to ‘recover’ — either by allowing new consumer wants to
be satisfied through new or improved products, or by broadening
the scope of consumer satisfaction of existing goods to lower in-
come classes.

In Pasinetti’s system, technical progress, while fully differentiated
between sectors, is still chiefly considered as taking place in a more
or less continuous way,f whereas in our system technical change is
fundamentally discontinuous.

In addition, the question of whether the multi-product large
firm will necessarily be the most ‘helpful’ or efficient in identifying

and policies might have been avoided. We cannot expect from the Keynesian theories and
policies what they cannot give. We have gained from them the avoidance of large scal.e
unemployment and this has been a notable achievement. But the resumption of growth is
another matter. The economic system still has to solve the much deeper problems . . . the
structural problems of learning the appropriate ways to expand.’ (Pasinetti 1981, p. 238).

*The very nature of the process of structural growth —i.e., of consumers’ prefer.ences and
of producers’ organizational requirements — imposes periodically on the economic systcm,
both on the part of consumers and on the part of producers, the necessity of speeding up
the rate of learning, if unemployment is to be avoided. Unfortunately the rate of lear‘nmg
is not something which can be manipulated at will. Here again multi-product large firms
may be of help in increasing the stability of the economic system, by keeping backlogs of
ideas to be used when needed. However, the natural consequence will clearly be that,
periodically, the direction of expansion will indeed become rather uncertain, that new out-
lets will not immediately be at hand and that the rate of investment will inevitably flatten
down . . .. Some unemployment will begin to appear and the economic system will at
least enter a period so to speak, ‘of pause’, until new types of products for expansion or
new interests in old products are found (which is a learning process that may take quite
some time). Only then will expansion be started all over again.’ (Pasinetti 1981, p. 235).

+‘Technical progress is a very complex phenomenon . . . it includes all the innumerable
series of expedients and devices, small if considered individually, but of great relevance
if jointly gauged, which are the daily upshot of experience, experiment, research and re-
thinking of the organisation of production. This is indeed a very complicated process
emerging from the learning activity of human beings and the application of this learning
activity to production. By its nature this process is therefore a slow, but persistent, one.’
{Pasinetti 1981, pp. 66-7).
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‘new consumer wants’, thus enabling the system to speed up its
‘state of learning’, depends in the first instance on its technological
commitment, which might well bein a large number of relatively
mature consumer wants.

Pasinetti’s concept of the multi-product large firm is of course
most closely comparable to what we typified as the Schumpeter
mark Il model, with the incorporation in large firms of most scientific
and technological activities. While we have argued earlier on (Chapter
2), that the mark IT model described the inter-war period and most
recent period (the 1970s) well, we also stressed the fact that long-
term cyclical upswings might be more closely associated with a
resurgence of mark I small firm innovators.

The important question is, indeed, whether it will be the small
highly innovative firms, rather than the multi-product large firms,
which will be ready to take the risk and enter the new, uncertain
markets. While the large multi-product firm will no doubt diversify
into new areas, most of its output will be into relatively mature
industries or products. Its commitment to the new areas might,
therefore, not be total and parts of the profits earned within the
new fast-growing sectors might well be used to cover possible losses
in the established maturing or declining sectors, rather than be
reinvested in the new sectors. A clear picture emerges out of the
growth of firms in the USA in the most recent relatively ‘recessive’
period of 1975-80, which is most clearly comparable to Pasinetti’s
‘pause’ period. In Table 7.7, we have listed all US firms which had
average annual growth rates in sales of more than 40 per cent over
the period 1976-80 from a total sample of 750 R and D performing
firms, reported in Business Week (June 6th 1981).

Apart from the fact that, as expected, most of the firms listed in
Table 7.7 are relatively small, the most striking feature of Table 7.7
is that these are all firms within the broad technological area of
information processing and electronics, which has often been
heralded as the new technological cluster around which a major
new upswing might be set in motion. Out of the thirty-six firms,
twenty-eight fall either within information processing (computers
six, office equipment three, and services eleven), electronics (five),
semiconductors (two) or telecommunications (one), with the rest
of the firms in instruments (three), miscellaneous (three) and
machinery (one). The list includes some of the most well-known
new names in ‘home computers’ such as Tandem and Apple Com-
puters, in CAD, such as Computervision and in ‘office equipment’,
such as Wang Laboratories. Overall, their average annual growth in
profits has been as impressive as their output growth and even
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their employment creation appears, from the information available, | %
to have been rather impressive. ‘ ;i

All these firms, with the exception of the machinery firm and R
the few miscellaneou_s firms, are what could be cal.led ‘small highly g £E5 2o snnenRegy
innovative firms, which are ready to take substantial risks to enter s
new markets. It is interesting to compare the performance of these |2 *§’\
firms with the performance of the major established firms in these 3|5 £ ¥ im0 @ne®na@ao
same sectors (see Table 7.8). KBS | Hoiol© G w0806

Of the firms listed in Table 7.8 only five (Control Data, Hewlett- f
Packard, Honeywell, Motorola and Texas Instruments), had annual oS © NP0 0N
growth rates in sales above the average for all the firms in the sample : 31 | SREITRIGRILRT
(i.e., 16.6 per cent). As indicated by the R and D/sales ratio, most | _
of these firms devoted large parts of their sales to R and D; on § 2R
average only slightly less (5.5 per cent) than the fast-growing firms | g1 88 b B e B B e A
listed in the previous Table (6.5 per cent), yet their profit/sales < mE o E
ratio (5.7 per cent) was well below the average profit/sales ratio j g e
(8.3 per cent) of the firms listed in Table 7.7. While there is little L 5 EE ;;E; g § § ki ot Bk
doubt that these firms will also move quickly into uncertain new ! g I mem e
markets, their commitment to the production/servicing of more | 31 8Y | wmamaunoanoon
mature products (large computers, large office equipment, electronics ‘ 3 & | ADXEXNETISNEZY
calculators and watches etc.) might not allow them to expand as 8

2

rapidly into the fast growing new demand areas as the newcomers. |

It is, paradoxically, the dual relationship between innovation and
market structure that is at the core of the slowing down and speed- !
ing up of the identification of ‘new consumer wants’; this is Pasinetti’s
so-called ‘learning’. As described earlier, throughout the growth of ‘
an industry, when effective demand is high and ‘well-defined’,
technical progress itself will slowly ‘mould’ the oligopolistic structure
of the industry; however, this structure, in turn, influences the

Information processing: computers
Information processing: office equipment

Table 7.8 US established firms in the electronics/information industries

industry’s innovation strategy, and might even in some cases prevent g g
- . - . . A
the established firms from identifying new consumer wants. As seslprpeppsss
S e e . o o
Schumpeter says: ; . EESREE8888wcs¢s
| & Begfaiizaafos
However high barriers to entry may appear to be, they offer the firms who i § [j" S" :5" 888 g g g § E
have built them no definite guarantee gainst the type of competition based I CooAna
on innovation which strikes at the foundations of existing industries and of 1
the firms engaged (Schumpeter 1939, see Fels (1964), p. 84). | o
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8 SOME STATISTICAL CHARACTERISTICS
OF THE ‘FOURTH LONG WAVE’

8.1 Introduction

In this chapter some macro-level data on post-war economic growth
are presented. The purpose is to discuss the extent to which they
provide support for the characteristics of different phases of the
‘long wave’ suggested in earlier chapters.

The pattern of economic development since World War II has
In many respects been historically unique. Rates of GDP growth
during the prosperity phase of the fourth Kondratiev (Table 8.1)

Table 8.1 Average annual growth rates of gross domestic product

1870-1913 1913-50 1950-60 1960-70 1970-80 1973-80

France 1.7 1.0 4.7 5.6 3.5 2.8
Germany* 2.8 1.3 8.1 4.8 2.8 2.4
Italy 1.5 14 5.1 5.3 3.1 2.8
Japan 2.5 1.8 8.6 10.3 4.7 3.2
UK 1.9 1.3 2.7 2.7 1.8 1.0
USA 4.1 2.8 3.2 4.2 2.9 2.1

Sources: Maddison (1979); Brown and Sheriff (1979); OECD (1981).

were high, even in comparison with earlier prosperity phases, as
was the growth rate of labour productivity (GDP per manhour,
see Table 8.2). As these tables indicate, there were considerable

Table 8.2 Average annual growth rates of Ilabour productivity (GDP
per man-hour)

1870-1913 1913-50 1950-60 1960-70 1970-80 1973-80
France 1.8 1.7 4.3 5.1 3.8 3.7
Germany* 1.9 1.2 6.6 5.2 3.6 3.2
Ttaly 1.2 1.8 4.3 6.3 2.5 1.7
Japan 1.8 1.4 5,7 9.6 4.3 2.6
UK 1.1 1.5 2.3 3.2 2.4 1.6
USA 2.1 2.5 2.4 2.4 1.5 0.8

*Federal Republic 1950-80
Sources: 1870-1950; Maddison (1979, 1980); 1950-80: OECD for GDP and Employ-
ment, ILO (1980) for working hours.
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discrepancies between countries regarding economic performance
both during the post-war ‘prosperity’ phase and during subsequenfi
recession (and depression) phases. The stronger economies, notably
Japan and West Germany, have (at least to date) suffered relatively
less deterioration in economic performance, growth rates in these
countries having remained high by historical standards, As noted
in Chapter 1, however, these countries have not been entirely free
from pressures tending to increase unemployment,

Tables 8.3 and 8.4 (from Maddison 1979) show long-term trends
in the growth rates of capital stock and the capital-labour ratio,
respectively. While the problems involved in compiling statistics

Table 8.3 Rate of growth of total non-residential fixed capital stock (Annual
average compound growth rate)

1870-1913 1913-50 1950-70 1970-7
Francef n.a. (1.1) 5.4 6.3
Germany (8.1) (1.0) 6.2 4.8
Italy [2.5]* [2.2] [5.1] [5.0]
Japan 2.7 [3.3] 8.8¢4 7.9q %%
UK 14 0.7 3.9 3.7
USA 4.7 2.0 3.8 3.0
Arithmetic average 2.9 1.8 5.5 5.1

Notes: see footnote to Table 8.4.
Source: Maddison (1979).

Table 8.4 Rate of growth of non-residential fixed capital stock per man hour
(Annual average compound growth rate)

1870-1913 1913-50 1950-70 1970-7
France¥ n.a. (1.8) 5.2 8.0
Germany (2.1) (0.9) 5.9 7.1
Italy [2.8]* [2.6] [4.9] [7.8]
Japan 2.0+ [2.9] 6.8 8.4q
UK 0.6 0.8 4.0 4.4
USA 2.6 1.8 2.7 1.8
Arithmetic average 1.9 1.8 4.7 5.7

Notes: The figures in Tables 8.3 and 8.4 are adjusted for geographic change. Except for
the bracketed figures, these data represent an average of gross and net stocks; gross stocks
are calculated on the basis that an asset retains its full value during its working lifetime,
while in calculating net stocks allowance is made for depreciation. Figures in round brackets
refer to net stock only, figures in square brackets to gross stock only.

*1882-1913; +1880-1913; f refers to private stock; § net stock refers only to the private
sector; **1970-6.

Source: Maddison (1979).
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such as these are particularly severe, the impression here also is
of unprecedently high growth rates since 1950, with the exception
of the USA. Overall, there is no evidence of a significant decline
in the growth of fixed capital in the 1970-7 period compared with
the previous two decades, while growth in capital-intensity appears
to have accelerated. Maddison (1979) concludes that ‘the funda-
mental instrument (on the supply side) for faster post-war pro-
ductivity growth has been the acceleration in growth of the capital
stock per hour worked’; and a favoured explanation for the post-
1978 productivity slowdown, particularly in the USA, is in terms
of a reduction in the rate of capital accumulation — although no
wholly satisfactory explanation for this slowdown has been pro-
vided (see e.g., OECD 1980). Trends in investment in fixed capital,
and its relationship to technical change and employment, are dis-
cussed in later sections of this chapter.

In the fourth long wave the recession period has been character-
ized by high and growing rates of inflation (Table 8.5). This feature,
as indicated in Chapter 1, is central to some recent interpretations
on unemployment. While our primary interest here is on variations
in ‘real’ indicators, these are not, in any view, unrelated to inflation.
For example, there seems to be little doubt that uncertainties about
inflation can adversely affect general expectations about the future,
and that attempts to overcome inflation by government policy are
counter-expansionary.

As mentioned in Chapter 7, it is noteworthy that rising prices
may be expected in an environment in which the Schumpeter mark
II model, described in Chapter 2, is applicable. A tendency towards
increasing industrial concentration and oligopoly may be expected
to be accompanied by a reduction in the downward flexibility of
prices. When combined with a readiness of firms to offer high re-
wards for scarce skills, and an ability of strong unions to maintain
differentials, forces leading to a wage-price spiral are present. In-
creases in raw material (particularly oil) prices have certainly exacer-
bated this process, although it is noteworthy that inflation was
becoming significant in most countries well before the OPEC price
increases of 1973.

Two quantities often assumed to remain constant in formal
growth-theory models — the productivity of capital and the shares
of total output accruing to labour and to profits — have under-
gone apparently significant shifts over the last three decades.
Figure 8.1 shows the trend in the productivity of capital (i.e., the
output-capital ratio) for four countries, while Figure 8.2 shows
the (gross) rate of profit, equal by definition to the profit share
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Table 8.5 Consumer prices: Annual percentage increases, in national currencies

1960-73 1974 1976 1978 1980

(average)
West Germany 3.7 7.1 4.5 2.5 5.5
France 4.7 13.2 9.8 8.5 13.6
Italy 4.8 20.9 18.1 12.8 21.2
UK 4.9 17.3 15.4 8.6 18.4
(Total EEC) 4.5 12.7 10.3 7.3 12.0
USA 3.2 11.0 5.8 7.7 18.5

Sources: European Economic Community, Annual Economic Review 1980-1 (Novem-

ber 1980) No. 7, Table 2.1; US Department of Com 1980); i i
Indicators, OECD, Paris, June 1981. merce { ); ORCD Main Economic
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Figure 8.1 Capital productivity (output-capital ratios), 1955-75. Source: Drawn
from the data estimated by Hill (1979).
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Figure 8.2 Rates of return 1955-75. Source: Drawn from data estimated by
Hill (1979).

multiplied by the capital productivity. There seems ‘little doubt
that the rate of profit has declined in most countries since the late
1960s (the USA appears to be an exception); and further, that this
decline derives partly from a reduction in the share of profits and
partly from a decline in capital productivity. These trends are by no
means universal, and measurement problems are severe — see Hill
(1979), from which these graphs are derived, for a discussion of the
methodological difficulties. The overall picture, 1s, however, highly
suggestive of a general decline in rates of return in Western European
economies.

8.2 Employment and output

Some evidence for the implications for employment of post-war trends
in output and productivity, as conditioned by the developments
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referred to above, is provided by Figures 8.3, 8.4 and 8.5. Attention
is drawn at the outset to the different scales used in the axes of these
figures — for present purposes it is the overall trends which are of
interest, rather than absolute values. Figure 8.3 shows industrial
employment plotted against industrial output for the nine EEG
countries and Figures 8.4 and 8.5 show manufacturing output
and’ employment for the USA and Japan respectively, using index
numbers and taking 1962 as equal to 100 in each case. While out-
put growth since 1962 has been broadly similar in the USA and
EEC, having roughly doubled in each case, employment trends show
markedly different behaviour in these regions. For the combined
EEC countries, Figure 8.3 — an updated version of that discussed
in Soete (1978) — suggests that the period can be separated into
three rather clear phases: one in which both industrial output and
industrial employment were expanding fairly steadily (1950-66
approximately); a second (1961-74) in which output continues
to grow rapidly but employment is static; and a third, in which
output growth is very slow and in which employment declines.
Of particular interest is the fact that the growth of labour produc-
tivity (output per man) ‘caught up’ with the growth of output
during the 1960s, giving a period of ‘jobless growth’ despite the
continuation of (and even slight increase in) the high growth rate
of industrial output. This suggests a shift in the relationship be-
tween output and employment; in particular, that there has been
an increase in the rate of growth of output needed to sustain a
given level of employment (or, equivalently, an increase in the
‘underlying’ growth of productivity associated with a given output
growth). Direct attempts to establish the evidence for such a shift
from estimation of employment-output and productivity-output
relationships (e.g., Clark, Freeman and Soete 1981a) suggest that, in
some economies at least, significant shifts have occurred — although
the picture is by no means totally clear cut and problems of inter-
pretation are considerable. What can certainly be claimed is that,
where a significant shift has occurred it is in the direction of ‘rational-
ization’, whereby a given level of output growth is increasingly achieved
by productivity growth rather than by employment growth. This
trend is consistent with standardization and the increasing avail-
ability and exploitation of scale economies. In the following section
this trend towards rationalization is discussed in relation to invest-
ment activity. ‘

The development of output and employment in manufacturing
industry for the USA and Japan respectively clearly show different
patterns of behaviour. There is no obvious change in trend in the
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case of the USA, an observation confirmed by more detailed econo-
metric analysis. For Japan, it appears that the °‘rationalization’
period suggested by the EEC data for the latter 1960s has been
postponed to the latter 1970s, with employment declining some-
what since 1975, although output growth has been exceptionally
high throughout — note the important difference in the horizontal
scale of Figure 8.5 compared with Figures 8.3 and 8.4. For the
USA, a major shift in macro-economic trend over the last decade
is that in productivity growth, while for Japan the ‘postponed’
onset of a reduction in manufacturing employment is of major
interest here. We shall return to discuss technological developments
in both these countries and their relationship to these trends in
Chapter 9.

8.3 Investment, capital intensity and employment

It has been suggested in Chapter 1 and elsewhere that the level
and nature of investment in fixed capital is of great importance
in relation to employment and unemployment, both in its role
as a component of aggregate demand and in extending the pro-
ductive capacity of the economy. The purpose of this section is
to discuss some trends in investment activity over the last two
or three decades and their implications. It is not considered that
precise quantification is possible in this area, but it does appear
that important changes related to the ‘long wave’ have occurred
which carry some implications for ‘investment needs’ in the future.

Table 8.6 presents average annual rates of growth of gross fixed
capital formation in manufacturing industry over five-year periods
for several countries. The figures in brackets show the annual growth
of employment in manufacturing in the corresponding periods.
‘The decades of the 1950s and 1960s are generally recognized as
a period of high investment, as implied by the rapid growth of non-
residential capital stock already shown in Table 8.3; Table 8.6
implies, however, that the growth of employment associated with
given rates of investment growth has varied substantially during the
1960s; of particular interest is the fact that in four of the six‘coun-
tries an acceleration in the growth rate of investment in the period
1965-70 was accompanied by a reduction in the growth rate of
employment compared with the previous five-year period. This
trend is also exemplified by Figure 8.6, which shows incremental
changes in employment in UK manufacturing plotted against invest-
ment (five-year moving averages in both cases). In the years following
the mid-1960s the annual change in labour input is negative and
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Table 8.6 Investment and employment growth rates, manufacturing industry
1960-75 (employment in brackets)

1960-65 1965-70 1970-75
France 6.9 7 9.6 3.5
(1.1) (0.5) (0.4)
West Germany 3.2 5.2 —17.3
(1.4) (0.4) (~1.9)
Italy —-3.3 11.3 —-0.4
(0.4) (1.5) (0.9)
Japan 6.0 21.5 —4.7
(3.9) (3.6) (~0.5)
UK 3.7 4.2 -4.6
(0.3) (—0.5) (—2.1)
USA 8.0 2.4 —2.2
(1.1) (1.7) (—0.7)

Sources: Investment: OECD (1978) Statistical Annex 2; Employment: Brown and
Sheriff (1979) |

towards the end of the decade declines at an accelerating rate,
despite continued high investment. This is in clear contrast to the
1957-62 period, where rather slower rates of investment growth
are accompanied by overall positive and generally increasing incre-
ments in employment. The implication is that the onset of employ-
ment decline was not initiated by a reduction in the rate of growth
of investment; however, the latter has, of course, declined during
the 1970s, with further sustained reductions in the employed labour
force.

Why did the high investment of the second half of the 1960s —
amongst some of the highest growth rates in history for many coun-
tries — not generate large numbers of new jobs? One possibility
1s that changes in the pattern of final demand were such that the
output of relatively ‘capital intensive’ sectors increased much more
rapidly than that of labour-intensive sectors, so that quite inde-
pendently of changes in technology or market structure new fixed
capital was directed primarily towards sectors where little new
employment is traditionally associated with a given increase in
the capital stock. There seems to be no clear indication that such
an effect was significant, however.

A further reason why high investment may not be accompanied
by rapid employment growth is that there may be large-scale

!
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retirements of older capital equipment, which may be relatively
labour-intensive. An increased rate of scrapping increases the invest-
ment rate ‘required’ to maintain or increase employment to an
extent dependent both on the magnitude of the increased scrapping
rate and on the difference between the capital intensities associated
with new and obsolete equipment.

The rapid growth rates in capital intensity indicated by Table 8.4
suggest strongly that there is a considerable difference between
the capital-labour ratios associated with recently installed equip-
ment and that of older equipment on the margin of obsolescence.
It follows that scrapping of the older equipment will in general
necessitate an investment expenditure greater than the replacement
value of the scrapped capital if employment levels are to be main-
tained.,

Unfortunately, official statistics are of little value for testing the
hypothesis of an increased scrapping rate. The ‘perpetual inventory
method’, variations of which are used to derive the published capital
stock estimates in all OECD countries, is based on the assumption
that particular categories of capital equipment have a given fixed
average lifetime; on this assumption, an increased scrapping rate
would be suggested several years after a period of relatively heavy
investment, when the fixed capital concerned has reached ‘retire-
ment age’. It is not inconceivable that a ‘bunching’ of retirements
has been occurring for this reason. However, the ad hoc nature of
the lifetime estimates used (and in particular the assumption that
lifetimes are independent of economic and technological develop-
ments) mean that reference to capital stock statistics for evidence
of changes in scrapping rates is of very limited value.

There are some indirect indications, however, that the rate of
scrapping may have increased. For Germany, surveys carried out
by IFO indicate a trend towards an increasing proportion of in-
vestment expenditures being devoted to ‘replacement’ or ‘rational-
ization’ — both of which imply that the installation of new fixed
capital was accompanied by removal of old — rather than to an
extension of capacity. As cited by McCracken et al. (1977):

IFO surveys of firms showed that in 1960 53 per cent of manufacturing com-
panies cited expansion of capacity as the principal reason for their investment.
By 1970, the proportion, as indicated by various IFO surveys of investment
intensions, was 40 per cent and by 1977 it was 15 per cent.

Other data cited by McCracken et al. show that in several Western
industrialized nations- the share of productive investment devoted to
non-residential construction declined between the early to mid-1960s
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and the mid-1970s, one interpretation of which is that more ex-
penditure went on replacing machinery rather than in the develop-
ment of new factory space.

It would perhaps be expected that, in times of low total (gross)
investment, the ‘replacement’ or ‘rationalization’ component would
be relatively high. Producers may always be interested in cutting
costs and increasing productivity, and the act of replacing and
updating the capital stock is a relatively low-risk decision, being
independent of uncertain expectations of market growth. Thus
this activity may plausibly occur at a roughly constant rate and
hence form a higher (or lower) proportion of total investment
as the latter falls (or rises). This pattern would be expected if the
type of investment activity were determined by general economic
conditions rather than being biased by a significant ‘technology
push’ whereby producers may be induced to spend a ‘dispropor-
tionate’ fraction of their investable resources on rationalization
in the light of a greater or lesser availability of profitable invest-
ment opportunities in that direction.

In so far as investment expenditures required per job created
have increased, the most favoured general explanation (e.g.,
McCracken et al. 1977) would be in terms of a rise in input prices
relative to output prices. Rapid wage increases, other things being
equal, will tend to raise the relative price of labour-intensive pro-
ducts and the pattern of demand would be expected to shift towards
capital-intensive sectors; it will also tend to accelerate scrapping as
‘marginal’ capital becomes unprofitable to operate more quickly;
and it will tend to induce the adoption of capital-intensive tech-
niques within individual sectors. However, our argument is that
the forces of increased competition, greater concentration, eco-
nomies of scale and other factors associated with the ‘maturing’
of the rapidly growing industries of the 1950s and early 1960s
contributed significantly to the onset of ‘rationalization’ which,
as suggested, began before the onset of the 1974-5 recession. Energy-
saving measures following oil price increases, an increase in resources
devoted to environmental protection, and (in some countries) rapidly
rising real wages have doubtless exacerbated the trend, but their
influence has probably been most severe in the mid to late 1970s.

Detailed discussions of the industries which grew around two
of the major fourth-Kondratiev technological ‘carriers’ — electronics
and synthetic materials — have been given earlier. It appears that
both these industries were subject to increasing rationalization
during the 1960s and in some respects their evolution provides
a microcosm of the manufacturing industry-wide trends discussed
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here. However, there is no implication that all sectors of the economy
have behaved in a similar way, or that where common trends do
appear between industries, the reason is always the same. For ex-
ample, rapid growth of capital intensity can occur in old as well
as new (or ‘maturing’} industries. In an analysis of seventeen in-
dustrial sectors in France over the period 1950-70, Sautter (1979)
asserts that ‘growth of capital intensiveness tends to be fastest at
the two extremes of the range of sector growth rates. The slow-
growth sectors (coalmining, agriculture, textiles-clothing-leather,
and iron, steel and ironmining) are, except for coalmining, sectors
with falling employment and higher than average capital/labour
substitution. The very rapid growth sectors (oil, water-gas-electricity,
chemicals) are sectors where capital intensiveness is also increasing
sharply but where employment is rising rapidly too’. Sautter points
out that rapid increases in capital intensity combined with declining
employment is often observed in industries adopting a defensive

position with respect to foreign competition, as discussed in

Chapter 7. In so far as decline would have been faster had these
industries not accumulated capital more rapidly, their increased
capital intensity can be interpreted as having had a job-saving effect,
despite the statistical relationship apparently suggesting the reverse.

8.4 Capacity utilization and ‘investment requirements’

It has been suggested that various factors have, over the course of
the ‘fourth long wave’, reduced the employment generation effects
of a given magnitude of fixed investment. The potential employment
problems associated with this may, in recent years, have been exacer-
bated by the relatively slow growth of total investment itself since
1973 (see Table 8.7). This raises the possibility of severe supply
side constraints to any return to ‘full employment’.

Following the severe 1974-5 recession, a group was set up to
analyse the difficulties facing the OECD economies and to make
policy recommendations. Their report (McCracken et al. 1977)
points out that ‘the shocks of the recent past have led to wide-
spread pessimism about whether sufficient investment will be forth-
coming in future to generate the increase in capacity needed to
provide enough jobs to make possible the progressive return to
full employment’ (para. 225). This group themselves considered
that ‘the evidence available to us concerning its actual significance
and extent is equivocal’ (para. 233).

It is interesting here to compare how capacity utilization with
employment would provide evidence for the extent to which existing
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Table 8.7 Annual percentage growth of gross fixed capital formation (whole
economy-constant prices)

1961-7 1967-73 1973-9 1978 1979 1980

average average average
(1) (2) (3) ) (5 (5

France 7.7 6.4 0.7 1.2 3.2 2.6
West Germany 2.5 5.7 1.3 5.2 8.3 4.2
Italy 2.9 4.3 -0.6 —0.1 4.4 8.0
Japan 114 13.3 2.4 9.6 8.3 0.1
UK 5.4 2.7 —0.6 3.5 -14 4.5
USA- 5.7 3.7 0.7 6.8 1.7 -7.4

Sources: Cols. 1-5: calculated from OECD National Accounts-Main Aggregates (1981,
p. 87); Col. 6: OECD Quarterly National Accounts Bulletin and EEC European Economy
Annual Economic Report 1980-1981.

spare capacity would be sufficient to restore manufacturing em-
ployment to earlier levels. In Figure 8.7 levels of capacity utilization
are compared with manufacturing employment trends in a number of
countries. As different techniques and definitions are used in esti-
mating capacity utilization,* comparisons between countries cannot
be made — only the trends over time within countries are of interest.
As can be seen, utilization rates for the most recent years are com-
parable to those of some years in the early 1970s in all cases shown,
while only in the USA has manufacturing employment not declined.
In all countries shown except the USA, an at least partial recovery in
utilization rates has not been matched by a recovery in employment.

In the case of the UK, the Confederation of British Industry,
commenting on the most recent capacity utilization data, remarked
that ‘Interestingly, given the continuing decline in output, albeit
more moderate than previously, the steadying of the spread of below
capacity working probably implies that capacity itself has been
reduced’. In the longer term, Figure 8.7(d) shows that capacity

*The level of capacity utilization may be estimated by various methods, falling into
two main categories: judgemental’ methods, which involve an industrial survey, and ‘non-
judgemental’ methods, which make use of capital-stock estimates to compare actual produc-
tion with potential production. In the former case the form of the question asked varies
significantly in practice so that comparisons between countries are not possible. It is also
believed that judgemental measures are subject to optimism or pessimisma about what
constitutes ‘normal’ output, depending on the general business climate (McCracken et al.
1977). ‘Non-judgemental’ methods depend, among other things, on assumptions made
in the assembly of capital-stock series (e.g., an assumption of a fixed capital lifetime).
The data presented in Figure 8.7 is taken from various national sources (as compiled by the
OECD) and their reliability thus depends on the particular method used in each case.
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Fig. 8.7 Comparison of capacity utilization and employment trends in manu-
facturing, 1969-~80, various countries. Source: OECD (1981).
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utilization in 1977, for example, was roughly equal to that in the
cyclic troughs of 1962 and 1967, while the number of employees
was over 500000 fewer in 1977 than in the earlier years. Similar
pictures emerge for France, West Germany and Japan. While these
data refer to manufacturing only, they suggest strongly that, given
a revival of demand, employment growth could be constrained by
a shortage of productive capacity. The conclusion is that develop-
ments since the McCracken report was compiled have strengthened
the evidence for an ‘investment problem’ in many OECD countries.
It is not intended here to consider the determinants of investment
and the conditions that may be required for recovery; the prospects
for the future in the context of the ‘long wave’ are discussed in
Chapter 10.

In summary, this chapter has attempted to describe characteristics
of post-war growth which exemplify some of the trends associated
with phases of the ‘long wave’ described in Chapter 4. The 1950s
and early 1960s represented recovery and boom, with rapid output
growth accompanied in general by rapid increases in productivity
and low unemployment. This was followed by the onset of ‘stag-
flation’, marked initially by continued rapid investment growth
but with a slowdown in employment growth, rising prices and a
decline in profit rates. The onset of output stagnation corresponded
to substantial excess capacity, although the persistence of the current
downturn may have led to considerable scrapping of older equip-
ment in addition to a reduction in additions to capacity, leading
to a ‘shortage’ of productive potential in manufacturing. The signifi-
cance of this may be mitigated by a shift in demand from industry
to services, although technological developments suggest considerable
increases in the capital intensity of the service sector in the future,
an issue to which we return later.




9 THE INTERNATIONAL PERSPECTIVE

So far, most of the analysis has centred around more or less ‘closed’

country situations. Even when discussing the electronics and plastics -

case studies in Chapters 5 and 6, only little attention was paid to
the international implications of new innovation, let alone ‘clusters’
of innovations. Yet, if there is one thing economic history, or history
tout court brings out most dramatically, it is the close link between
the possession of ‘knowledge’, with the focus on military technical
superiority, but also social organizational adaptability, and the
growth of countries, empires and even civilizations. Growth poles
(as much as innovation poles) have switched around the world,
from ancient Mesopotamia to Japan’s present technological leadership.

Probably more than any others, the process of long-term economic

growth which was set in motion in the UK in the eighteenth century
with the Industrial Revolution was built around the possession of
knowledge. It spread in ‘waves’ in the first half of the nineteenth
century to the USA, France, Belgium, Switzerland and Germany
and later diffused further to the European countries, Russia and
a number of Latin American countries. The spreading process was
sometimes extremely slow, hampered by structural and political
factors (as in Argentina and Chile), or sometimes extremely rapid,
based on organisational ‘readiness’ and active policy to promote
the import of foreign technology and its internal diffusion (as
in Japan).

The picture of the widely differing degrees of the international
diffusion of new technology looks surprisingly similar to the picture
of the wide variations in the degrees of adoption of new technologies
by industries drawn earlier (see particularly Chapter 6). Similarly,
when discussing the rise and fall of industries over the long wave
in Chapter 7, one question which comes immediately to mind in
this chapter is whether there is also some process of rise and fall
of countries over the long wave and whether that process is in
any sense related to the rise and fall of the main industry Kondratiev-
carriers, in terms of export specialization patterns for example.
Such a picture conforms with the argument of some long-wave
writers (in particular van Duijn), that whereas individual countries
data do not always indicate a clearly identifiable ‘long wave’ pattern,
world data do generally speaking indicate more clearly such a pattern.
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In this chapter we discuss some of the international aspects and
implications of long waves and innovation ‘clusters’. In a first section
we briefly discuss the ‘locus’ of the major innovation clusters over
the various Kondratievs. The change in locus from the UK to the
USA, Germany and more recently Japan, pinpoints towards the
crucial role of the international diffusion of technology, and know-
ledge in general, in the process of ‘catching up’ and what could be
called ‘Kondratiev-jumping’. In the second section we turn to some
of the (unfortunately scarce) data which exist with respect to the
origin of major innovations.

In the third section we discuss, in somewhat more detail, the process
of ‘catching-up’ convergence growth, and put forward a number
of ‘long-wave/catching-up’ arguments, which provide some explana-
tion for the alternative process of divergence/convergence growth
that seems to have characterized the economic development of
most Western economies over the most recent Kondratievs.

9.1 The changing locus of economic growth and innovation

Economic history teaches us that there are substantial advantages
in being the first country to implement new innovations. The reasons
why this is so, are not always obvious. Traditional international
trade theory, for example, points in the first instance to the gains
from trade for the non-innovating trade partner in terms of cheaper
imports. Even when innovation concerns new products, the early
monopoly rents earned on the exports of the new products by
the innovating country should disappear because of the international
diffusion of technology (Krugman 1979). Yet, as the following
brief historical description of the major innovation and growth
loci over the various Kondratievs will make clear, successful ‘appro-
priation’ by the innovating country (by which we mean the degree
to which the technical knowledge can effectively be kept within
the national boundaries of the innovating country), is the crucial
factor for the innovating country to grow fast. This is even more
important when one is talking about the sort of major innovations
Schumpeter had in mind (steam power, railways and electrification),
where the country that is able to quickly adopt and invest in the new
technologies can be expected to grow faster than any other country
that is slower or simply has no access to the new technologies.

In many ways, when it started in the UK the Industrial Revolu-
tion came at a time when there were practically no other countries
that had the political and economic infrastructure for it to be assimi-
lated. France was fighting its Napoleonic wars, the USA was only
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just 'becomi.ng a political entity, and neither Germany, Italy, nor
Belglum existed. It should therefore come as no surprise if the
first Kondratiev was a purely British phenomenon. As Ray notices:

In the first half of the 19th century Britain dominated the, then still narrow
world economy and during the period 1820-1850 she produced two ‘r.hirdsy
of the world’s coal, one half of iron, more than one half of steel, one half
O.f cotton cloth, and forty per cent of all hardware. Britain has no’ competi-
tion . . . Britain, the innovator, was riding high on the Kondratiev wave of

steam power, with more steam engines than the whole of the rest of the world

put together. (Ray 1980, pp. 17-18).

Yet it is interesting to note how, throughout this period, the UK
tI’.IC.d. to limit the diffusion abroad of its technology (e.g., by pro-
h¥b.1t1ng the export of machinery). It was primarily English tech-
nlclanF/entrepreneurs who, having emigrated to Belgium and France
established factories using the new technology in those countries,
and later even created subsidiaries in Germany and Russiag* this’
led to the spread of the new technologies throughout Europe in
the. first half of the nineteenth century, and led to increased inter-
national competition for the UK.t The international spread of
technology during the first Kondratiev downswing (the period
1814-42) was further amplified by the fact that the new techno-
logies were relatively simple. As W. Arthur Lewis notes:

The.new t.eghnology of the industrial revolution — for using steam, making
textiles, mining coal and making iron — was ingenious, but simple. The first

textile innovators made their machine f i i
ry of wood, with metal f
(Lewis 1978, p. 159). ‘ oF moving parts

'In addition, most of the first Kondratiev innovations were in the first
instance .‘process innovations’ (ie., they consisted of making or
transporting ‘existing’ goods, such as iron, textiles, clothes in new
wa%ys). It was consequently extremely difficult for the UK to ‘appro-
priate’ these technologies, rather they spread to:

any country which was already producing iron, textiles or clothes, or growing
cereals — be it Sweden or Russia, Brazil, China, Japan or India. One should
note,for example that India opened its first modern textile mills in the 1850s
[1853], and its first modern ironworks in the 1870s (Lewis 1978, p. 30).

A simi.lar Picture can be drawn with regard to the second Kondra-
tiev. Again, it started in Britain and was based on British innovations

*In 1815 Cockerill (located near Litge, i i
ge, in what was to become Belgium) set
the first ever subsidiary in Prussia (Franko 1976). gium) set up probably
tAn exception was Switzerland. Escher, a textile manufacturer introduced English

ill but then st € -
machiner vy for his mill b h arted to imitate it and initiated theleby the Swiss engineer:
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(the first locomotive and the first railway). During the early phases
of the second Kondratiev upswing, British industrial production
rose more rapidly than anywhere else, yet by 1860 (when the up-
swing started to level off) the UK’s growth rate started to lag behind
that of a number of European countries such as Germany, Italy,
Sweden, Switzerland and Belgium. In Ray’s words:

The railway system had matured — the innovation having spent its initial driving
force — earlier in pioneer Britain than in the countries which were ‘followers’.
However, at the end of this upswing Britain was still in the lead in many respects,
unsurpassed in coal, iron (and the newcomer, steel) and cotton cloth production,
but it was becoming clear that in other areas her leadership was being seriously
challenged (Ray 1980, p. 18).

However, the second Kondratiev downswing sees the UK being
overtaken as the most important growth and innovation world pole.
This was linked both to the successful imitation and catching up
of a number of European countries and the USA (primarily through
import substitution and protectionism based on ‘infant industry’
ideas), and to the decline of some of the major industry carriers
of the first Kondratiev (such as the cotton industry in which the
UK had retained her lead). In the most important growth industries,
primarily steel and metalworking, Britain — while having initiated
some of the most important innovations (the Bessemer converter,
Siemens’ open hearth, in 1866, and the Thomas process, in 1878)
— lost its innovative lead in exploiting these to Germany who over-
took her in the production of iron, coal and steel by the end of
the century.

The third Kondratiev sees the emergence of both the USA and
Germany as major growth and innovation poles. The UK was clearly
lagging behind with respect to the major innovations in relation
to the third Kondratiev (electricity and automobiles). With respect
to electricity it was primarily the USA (Edison’s electric power
steamn central, 1882; Westinghouse’s alternating current distribution
of electric power, 1885) which took the lead; its production of
electricity was about five times that of the UK by 1907, while its
total industrial production was about the same (Ray 1980, p. 19).
With respect to motor cars the lead was both European (Germany:
Daimler, 1887; Krebs, 1892, and France: Panhard and Levassor,
1892-4) and American (Duryea, 1892). By 1910:

the largest car maker in Britain was Henry Ford, producing more cars than the
next two largest firms combined. Thus, British entreprencurs lagged in this
major industry too, and this is likely to have had a considerable impact on
the general development of a number of branches of the engineering industry
in view of the requirements of automobile production in terms of machine
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tools and new machines — as well as some other newer and older industrial
sectors such as rubber and instruments, or even textiles and timber (Ray
1980, p. 20).

The UK’s situation over the third Kondratiev was in many ways
exceptional, to the extent that it actually did not seem to take part
in the third Kondratiev. The rate of growth of industrial production

declined continually from 1873 onwards until World War I (i.e., over.

the greatest part of the third Kondratiev boom). There exists a
large literature as to the reasons why, after 1883, the UK lost both
her economic as well as her innovative lead so quickly and dramatic-
ally. Probably the most plausible explanation relates to the major
causes underlying the present-day British decline (lagging behind
in the provision of technical education and mass higher education,
and the lack of linkages between scientific institutions and industry);
these are all factors which were crucial to the rapid growth of both
the USA and Germany, over the third Kondratiev upswing.

The gloomy picture that emerges from the UK’s economic per-
formance after 1883 is by all standards rather familiar: a low ratio
of domestic investment with, as a consequence, a declining rate
of growth of productivity, slow growth of exports with rapid growth
of imports of manufacturers, and slow adoption of new technologies
relative to competitor countries. This whole pattern is further
exacerbated by the UK’s free trade and ‘self-chosen role as guardian
of the gold standard’ political position, compared with the import
substitution-infant industry industrialization policies followed
elsewhere. Yet it is the fact of the UK lagging behind, first in the
adoption of her own innovations (e.g., in the steel industry referred
to earlier), and later in the development of new innovation itself,
that most obviously needs to be explained. We would agree with
the core of Lewis’s argument that, with the third Kondratiev up-
swing science had become increasingly important in contributing
to new innovations; this was different from the earlier Kondratievs
in which the role of science was extremely limited. Very often,
the scientific principles of the new innovations had not yet actually
been analysed (see, e.g., the steam engine and the lagging behind
of thermodynamics); the UK seemed to be both particularly badly
prepared and organized to cope with this fundamental change.
According to Lewis:

It was not necessary for British entrepreneurs to be scientists; what mattered
was that they should be receptive to science, and understand how to use
scientists. There is no doubt that British ideology was at this time hostile to
science, and even more so to industrial science. This was the great age of the
public school (an offshoot of the railway, without which parents could not
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have moved so many children so many times a year) which, being based on
the proposition that the English were the modern descendents of Periclean
Athens, found little virtue outside the classics and religion. At this time too,
the public service grew enormously, attracting the best brains into Parliament,
the home civil service, the Indian civil service and the diplomatic service. Of
course there were plenty of brains in the classes from which industrialists had
typically been recruited. What gentlemen’s sons thought or did is not relevant
to us since industrialists had never been gentlemen’s sons. What does matter
is that the non-gentlemen’s sons were going (as they always had) through a
school system which held applied science and technology in contempt. This
had not mattered in 1830, but it was crucial to industry in 1900, when in-
dustry was in need of an increasingly scientific base.

Consequently organic chemicals became a German industry; the motor
car was pioneered in France and mass-produced in the United States; Britain
lagged in the use of electricity, depended on foreign firms established there,
and took only a small share of the export market. The telephone, the type-
writer, the cash register and the diesel engine were all exploited by others.
When after 1900 the economy was profitable, capital was exported instead
of being invested at home. (Lewis 1978, p. 130).

By contrast, the USA was well organized and in many ways
initiated the closer link between science and industrial technology
(e.g., Edison’s first research laboratory in Menlo Park, New Jersey,
in 1879). Germany also succeeded in covering the gap between
academic science and industrial progress, and this was to become
crucial in the development of the major chemical innovations in
the 1920s and 1930s (as described in Chapter 5). Yet, at the time
of the third Kondratiev, the link between science and innovation
was still relatively weak. Major innovations did not yet depend
on new scientific discoveries or inventions in a crucial way; they
consisted primarily of seeking ways to exploit technological inven-
tions commercially. The progress of ‘science’ had indeed been
dramatic over the whole nineteenth century, and had caught up
with technological progress. Consequently there were plenty of
technological opportunities that could be derived in a relatively
straightforward manner from existing scientific knowledge. The
major technological problem became how to develop new products
for which the great unknown was the identification of potential
demand.

The third Kondratiev major technologies are indeed different
from the first and second Kondratiev ones in that there was much
greater stress on product innovations (e.g., automobiles, telephones,
gramophones, typewriters, cameras, airplanes, radios, etc.). These
innovations were In many ways more easily ‘appropriable’; they
generated rapid output growth in the innovating countries, and
created new demands all over the world for existing commodities:




172 THE INTERNATIONAL PERSPECTIVE

copper for electric wiring, rubber for bicycle and motor car wheels, oil for
the internal combustion engine, and nitrates for the wheatfields: it also created
new trades in refrigerated meat and bananas. The population explosion coupled
with rising incomes increased the demand for tea, coffee, cocoa, vegetable
oils, raw silk and jute. (Lewis 1978, p. 30)

Consequently the innovations linked with the third Kondratiev
upswing spread less (and more slowly) than any of the innovations
of the two previous Kondratievs, partly because of their closer
link with scientific knowledge and their more complicated nature,

and partly because of their ‘new product’ nature which made it

easier for the innovating countries to ‘appropriate’ the underlying
technologies. While economic growth throughout the world was
rapid during the third Kondratiev upswing, this was less because
of the international diffusion of some of the major third Kondratiev
technologies, but rather either because of increased international
interdependence with rapid growth of raw materials exports and
manufactured imports in the peripheral countries, including the
so-called tropical countries, or because of the further diffusion of
some of the major technologies of the first two Kondratievs in a
number of late-industrializing countries. As a consequence, at the
peak of the third Kondratiev there had been no newcomers to the
very select group of ‘technological leaders’.

With the coming of World War I, and World War II and the third
Kondratiev downswing, the increased international world trade
interdependence — brought about during the years 1883-1913 —
was going to have disastrous effects for those peripheral countries
who had become increasingly dependent on demand in the centre
countries for their exports. First, as a result of World War I, and
the massive capital (and human) destruction in Europe, the terms
of trade moved against' tropical products in the 1920s. Secondly,
with the Great Depression, demand fell even more for peripheral
commodities, and the terms of trade moved even further against
tropical products. Investment came to a stand-still, and a large
number of peripheral countries, primarily the independent Latin
American countries, started a late but relatively successful industrial-
ization import substitution development pattern. More than any
other event, the third Kondratiev downswing, in particular the
depression of the 1930s, brought home the crucial advantages of
‘catching up’, industrialization and the import of technology, and
the dangers of relying excessively on exporting primary products
to those peripheral countries who had neglected the domestic manu-
facturing opportunities over the third Kondratiev upswing.

The fourth Kondratiev saw the USA in the first instance but also
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Germany (with respect to plastics) as the countries from which
the major early Kondratiev innovations emerged. With World War II,
the USA became the absolute technological leader and a huge tech-
nological gap came into existence after World War II. Many major
new technologies characteristic of the post-war Kondratiev boom
(such as televisions and computers) originated in the USA. Even
with respect to scientific discoveries, the USA emerged as absolute
leader, something it had not achieved during its previous Kondratiev
technological leadership.

The massive capital destruction in Europe resulting from World
War II, and the existing technological and scientific skills in most
European countries created the conditions for rapid ‘catching-up
growth’, where the mere existence of the huge technological gap
between the USA and Europe was sufficient to trigger off a process
of economic growth which was impressive by any historical standard.
This process was accompanied by massive transfers of technology,
under the form of licence agreements and the setting up of sub-
sidiaries in Europe of American firms. While the forms of technology
transfers were clearly designed to keep overall American control
over the technology transferred abroad, the level of technological,
educational and scientific skill in Europe led to its diffusion and
successful imitation and innovation in many European firms. Thus,
precisely when increasing concern was being expressed with regard

to the technological gap between the USA and Europe (Servan-

Schreiber 1967, OECD 1968), the gap was being closed at great
speed.

The country that not only succeeded in regaining its position
at the world technological frontier, but entered in great style the
very select group of technological leaders, was of course Japan.
The process of economic growth which took place in Japan during
the fourth Kondratiev boom consisted in the first instance of a
gigantic catching-up process during which most of the technological
innovations of the fourth and third Kondratievs were being assimi-
lated and diffused throughout the economy. It amounted to some-
thing which could be called Kondratiev-jumping or a ‘super’-Kondra-
tiev boom. Japan’s success story has been the subject of much debate,
which cannot be dealt with here. In our view, apart from the specific
cultural Samurai background, what probably comes nearest to
explaining Japan’s success in assimilating and diffusing so rapidly
foreign technology, was its specific concern with the transfer mech-
anism (i.e., its rejection of foreign direct investment as an efficient
way of transferring foreign technology and its insistence on appro-
priating herself the imported technology). War destruction, US aid
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(including military aid which freed it from the need to re-build its
military power), were no doubt crucial factors in enabling Japan to
start a process of rapid catching-up, yet these factors do not provide
any explanation for Japan’s success in assimilating so rapidly foreign
technology, and becoming herself a major technological power.

What brought Japan to such a specific ‘technology-import’ indus-
trialization policy? According to Allen (1981) this seems to be more
the result of historical accident rather than careful economic analysis:

A well-known Japanese economist, who takes a jaundiced view of the use-
fullness of his professional colleagues as advisers on policy, recently asserted
that his country owes much of its postwar economic success to the fact that,
at the end of the Second World War, most of the senior academic economists
were Marxists. The postwar government, being conservative in temper, was
naturally not disposed to turn to Marxists for advice. So it perforce fell back
on bureaucrats and administrators whose economics had been learnt by ex-
perience. Some of these advisers were engineers who had been drawn by the
war into the management of public affairs. A typical example is Saburo Okita,
once of the Economic Planning Agency and recently Foreign Minister. They
were the last people to allow themselves to be guided by the half-light of eco-
nomic theory. Their instinct was to find a solution for Japan’s postwar diffi-
culties on the supply side, in enhanced technical efficiency and innovations
in production. They thought in dynamic terms. Their policies were designed
to furnish the drive and to raise the finance for an economy that might be
created rather than simply to make the best use of the resources it then
possessed.

The issue came to a head soon after the war when the government was
considering how best to use its exiguous resources for industrial rehabilitation.
It was natural that the more orthodox financiers, including the influential
Governor of the Bank of Japan, should advocate policies that seemed consist-
ent with Japan’s factor-endowment of that time — a huge supply of under-
employed labour, an extreme scarcity of capital, and out-of-date technology.
The obvious candidates for development were the labour-intensive industries
textiles, clothing, pottery, metal smallwares. It would be folly, so it was argued
to ignore Japan’s comparative advantages in such trades in the pursuit of goals
only open to countries well supplied with capital and technical expertise. At
first these views had an effect on what was done. The Bank of Japan saw to it
that loans were denied (in 1951) for a project for building a new, up-to-date
steel works. Sony was obliged to postpone its import of transistor technology
because the officials in charge of foreign exchange licensing were doubtful
both about the technology and about Sony’s ability to make use of it. But,
on the whole, the bureaucrats and their advisers at the Ministry of International
Trade and Industry (MITI) prevailed. They repudiated "the view that Japan
should be content with a future as an underdeveloped country with low pro-
ductivity and income per head. She should bend her energies, in their view,
to building up an industrial system based on capital-intensive manufactures.
It was true that she was at that time technically backward and short of capital.
But there was no obstacle to her importing ‘know-how’ from the United States,
and her large company of well-trained technicians would permit her to assimi-
late quickly what the West could provide (Allen 1981, pp. 68-69).
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Whatever the exact reasons as to Japan’s success, Japan has been
the only major new-comer to the select group of technological
leaders during the fourth Kondratiev, to the extent that both
France and Germany took back a position which they had already
acquired during the third Kondratiev upswing.

9.2 A brief statistical exploration

The historical picture sketched above conforms to what various
data about the origin of major innovations, inventions or discoveries,
teach us. In Figure 9.1 we present the ten-year moving average of
the number of major technical inventions and innovations, selected
from a list of 1012 major inventions, innovations and discoveries
compiled by Streit (1949), by country of origin for the period
1755 to 1945.* Compiled shortly after World War II the list is un-
fortunately strongly biased towards the USA, and against Germany.
In addition, its coverage of major innovations and discoveries for
the period 1939-50 is extremely poor, because of the lack of retro-
spective vision in identifying major innovations at the time of com-
piling the list. Nevertheless, the picture which emerges conforms
to what was said earlier. It should also be borne in mind that the
data relate to the technical inventions or innovation years and have
consequently to be lagged sufficiently (* thirty years) if one wants
to take into account the full scale diffusion of the major techno-
logies in terms of Kondratiev upswings.

The overall predominance of the UK with respect to the major
innovations of both the first and second Kondratiev emerges most
clearly. By 1850, however, the UK was overtaken first by the USA
and then by France and Germany, where most of the major innova-
tions that gave rise to the third Kondratiev originated. Unfortunately,
with respect to the fourth Kondratiev, Figure 9.1 provides no in-
formation. By the end of the 1930s, however, the overall dominance
of the USA (while exaggerated, certainly with respect to Germany)
nevertheless conforms to what was said earlier with respect to the
emergence of an ‘abnormal’ technological gap between the USA
and Europe after World War II.

*See Table 9.1 for the number of major technical innovations and inventions, scientific
discoveries and social innovations over the period 17560-1950 by Kondratiev phase. Figure
9.1 only relates to the technical innovations and inventions, and Figure 9.2 to scientific
discoveries. Social innovations, while probably of crucial importance in terms of a country’s
organizational capacity to adapt have not been analysed, because Streit’s list uses the con-

cept of ‘social’ innovation in the broadest possible sense. Not only does the list include -

general and social achievements such as free principles of government, women’s suffrage, and
unemployment insurance, but also other ‘human’ achievements such as mass warfare,
attributed to Napoleon, Mussolini’s nationally applied fascism and Hitler’s nationally
applied national socialism.
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As to the other countries, their innovative activity in terms of
major Kondratiev innovations remained relatively limited with the
partial exception of Switzerland, Sweden and Belgium. They were
less the initiators of some of the major ‘epoch-shaping’ innovations,
than the successful ‘fast’ imitators who succeeded in reaping most
of the benefits from the rapid progress of the world innovation
frontier over the various Kondratiev upswings.

A totally different picture emerges from Figure 9.2, which in-
dicates the ten-year moving averages of the number of major
scientific discoveries by country of origin calculated on the basis
of the figures in Table 9.1. The source is similar to Figure 9.1 and
a similar bias might be expected. Yet, surprisingly enough, Figure 9.2
suggests a relatively weak scientific position for the USA over the
whole of the nineteenth century, with its scientific lead only estab-
lished in the mid-1930s; similarly, with reference to the UK,
Figure 9.2 indicates a relatively weak position with respect to the
first Kondratiev upswing (which seemed to have been dominated
by France), Britain only emerging as the scientific leader by 1808,
a position which she quickly saw challenged by Germany (1860s),
who retained the scientific lead till the 1930s. The pattern emerging
out of Figure 9.2 illustrates the changing role of science with respect
to major innovations quite neatly: from an initial situation of very
little influence (the first Kondratiev), to a situation of crucial im-
portance: the 1930s. It also shows that, certainly in the nineteenth
century, science (contrary to technology) was largely a ‘non-
appropriable’ activity, which could relatively easily be transferred
abroad — more specifically, ‘scientific’ leaders do not necessarily
become ‘technological’ leaders.

With respect to the more recent period, Table 9.2 presents, for
a number of years in the period 1883-1979, the number of patents
granted in the USA to various countries and groups of countries
in the world. As we have argued before (see Chapter 2), overall
patent data do not allow one to separate ‘major’ innovations from
minor improvement innovations. The purpose of Table 9.2 is only
to give some indication of the overall importance of a number
of non-USA countries (in particular Japan) over the most recent
fourth Kondratiev. With the exception of Canada, whose proximity
to the USA clearly overstates its importance, Table 9.2 confirms
the picture of Figure 9.1 for the post-1880 period: the long-term
decline of the UK, only temporarily halted by World Wars I and II;
and the steadily growing importance of Germany as a technological
power, which after World War II returned to its pre-war patenting
level in less than nine years. It also shows the emergence of Italy,
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the Netherlands, Sweden and Switzerland with larger shares in the

twentieth century, and a somewhat increased share of France since .

World War 1L

However, the most striking change in patent share relates to
Japan. Its level of innovative activity, as measured by the number
of US patents granted, remained among the lowest of all OECD

countries until the 1920s; and it was only in the late 1950s and

1960s that, after having returned by 1957 to its pre-war patenting
level, its share of foreign US patents started to grow very rapidly.
In 1979, it was the major foreign country patenting in the USA,
accounting for more than 27 per cent of total US patents of foreign
origin.

As mentioned before, apart from Japan, there have been no
new-comers over the fourth Kondratiev to the very select group
of world innovators. The share of Eastern Europe and the USSR,
while grossly under-estimated, has increased slightly since World
War II. What are now called the newly industrializing countries
have increased their share slightly, but it remains very small.

9.3 Some thoughts about catching up and long-wave
economic development

As illustrated above, the introduction of the international dimension
in our ‘long wave’ discussion highlights the crucial importance of
the phenomenon of catching-up and the technology gap growth
based on the international diffusion of some of the major Kondratiev
technologies. That catching-up process is basically unrelated to
the overall long wave up- and downswings, yet it is obvious that
the possibilities for individual countries to set off on such a rapid
growth process are, in the first instance, a function of their dis-
tance from the overall long-wave productivity or technological
frontier. Thus, when the Kondratiev enters its downswing, apart
from the technological leaders, countries that are near to approach-
ing the technological frontier — particularly those countries that
have greatly benefited over the upswing from a process of rapid
‘catching-up’ growth — will feel the effects of the slowdown in
economic growth most directly. The productivity growth ‘slow-
down’ in the 1970s of some of the major post-war ‘catching-up’
economies in the OECD area (Japan, Germany, France and most
small European countries), fits this picture well. The productivity
slowdown of the technological leader itself, the USA is more closely
related to the overall Kondratiev downswing in this interpretation.
By contrast, other countries (e.g., the so-called newly industrializing

S
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countries, which are still in their early or ‘boomine’ ing-
phase) will start to overtake the ‘technycl)logically m:tgurec’atc(c:)}ﬁ:tgriuez
in terms of both output and productivity growth. From their view-
point, the Kondratiev downswing may be seen as a welcome pause
in the rate of advance of the technological or productivity frontier
opening up possibilities of becoming full members of the selecé
group of economic and technological leaders in the future.

Figures 9.5 and 9.4 illustrate some of these catching-up phe-
nomena. Figure 9.3 illustrates how the USA developed its tech-
nology and productivity lead from around 1890, and how — after
a process of ‘divergence’ from 1913 to 1950 — most of the major
OECD countries started a process of rapid ‘catching-up’ growth,
and came to or near the US productivity frontier in the later 1970s.
The question of why the initial process of divergence came about,
and what prevented the other countries catching up long before
World War II, are undoubtedly linked with the overall long-wave
pattern of the third Kondratiev. According to Maddison:

0.5

0.2

T T 7 T T T
1870 1880 1890 1900 1910 1920 1930 19%0 19%0 19%0 ]950 1§BO

Fig. 9.3 Level and growth of GDP per man hour (1870-1980): USA, UK,
Germany, France and Japan (in 1970 US dollars).
Source: Maddison (1979) and our updating.
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Fig. 9.4 Level and growth of manufactured value added (1960-1980): developed
market economies (DMEs), centrally planned economies (CPEs) and
less developed countries (LDGs) (1960 World total = 100). Source:
Calculated from UNIDO (1981).

The USA developed its productivity lead initially in the period from the 1890s
to 1913 at a time when its prospects were particularly bright because of its
great natural resource advantages, huge internal market and rapid population
growth. This fostered higher rates of investment than in Europe and a faster
growth of capital per employee.” By 1913 the US productivity advantage over
the UK — the old leader — was about a quarter (Maddison 1979, p. 17).

Rapid growth in the USA in the third Kondratiev upswing was, of
course, also a function of its technological lead in the narrow sense
(i.e., the major third Kondratiev innovations originated in the USA).
Vis-a-vis the old technological leader (the UK), this led quite natur-
ally to a process of divergence; vis-a-vis the other European major
countries, the picture is less clear. In these cases, it was (in the first
instance) the period of the third Kondratiev downswing with both
World Wars I and II that accentuated the process of productivity

|
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growth divergence between the USA and the rest of the world.
As a result ‘In 1950, there was an unnatural degree of dispersion
between the USA and most of the other countries’ (Maddison 1979,
p. 17) which ‘triggered’ off the process of rapid catching up growth.

Figure 9.4 illustrates the growth performance of both developed
and developing countries over the period 1960-80. At the end of
the 1960s, both the fourth Kondratiev downswing and the ending
of the rapid catching-up growth phase of a number of developed
countries, led to a marked reduction in the growth rate of industrial
production, and manufactures in particular, of the developed
countries. By contrast, the industralization/catching-up process
set in motion in a number of less developed countries, primarily
the newly industrializing countries, was relatively little affected
by the overall Kondratiev downswing, but continued to grow at
about the same rate — if not even faster — over the period 1969-78.
Whether this amounted to a ‘catching-up’ growth process is at
present difficult to judge. Only a limited number of developing
countries are involved in this process; the gap which they have
to bridge is by any historical standard gigantic and new techno-
logies have reached extreme levels of technical sophistication. The
various factors that prevented them from ‘catching-up’ in the various
previous Kondratievs, in particular the boom phase of the fourth
Kondratiev — rapid population growth (thanks to the free and
rapid diffusion of medical science and technology), integration
in the world international and gradually liberated trade system
(1913-39), difficulty in appropriating new technologies (the growth
of multinational corporations) — are still all there. Nevertheless,
it seems feasible and not too optimistic to imagine a world in the
not too distant future which has a few more countries entering the
group of technological mature societies. ’

The process of ‘catching-up’ growth has, of course, been described
by many authors. The earliest versions (Rostow 1960, Gomulka
1971) focused primarily on the near ‘mechanical’ nature of eco-
nomic growth once ‘take off’ had taken place; in many ways this
was similar to the ‘socio-mechanics’ of the early Kondratiev theories.
Once a country had achieved a certain level of development, growth
was going to take place under any circumstances. This brought
about a long chain of reactions (primarily the Latin American
dependencia school, starting with Prebish, most UN writings on
industrialization and technology transfer and various others). This
line of discussion culminated in A. G. Frank’s notions of the ‘de-
velopment of underdevelopment’ and the ‘accumulation of back-
wardness’.
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This critique was useful in that it pinpointed the' strx}ctural_di-t“fi-
culties most developing countries had to cope w1t_h in aChICV}ng
economic growth, and that it definitely broke with the notion
of a freely available ‘world-technology’ which could be taken fyom
the world shelves and transferred, and was sufficient to set into
motion the process of industrialization. At the same time, however,
and precisely at a time when rapid industrialization was taking place
in a number of developing countries, it failed (in partlf:ular the more
radical dependencia versions a la Frank) to explain the growth
process itself.* _

The ‘catching-up’ growth models accurately describe the process
of convergence that has characterized the post-war growth pattern
of many OECD countries (Cornwall 1977). They fail, hoyvever, to
describe the ‘divergence’ process which lay at the basis of the
initial ‘technology gap’.t More recently Pavitt (1979, 1980a) has
extended Cornwall’s ‘catching-up’ model to include divergence
growth based on ‘product and systems innovations’. .In_ P.ztvittfs
model the departure from a convergence growth pattern is indicated
by the fact that:

Entrepreneurial activity is no longer focused on responding to domc-zst§c demand
by investing in borrowed and adapted foreign technqlogy, nor is it .focused
on competing on the basis of price. It concentrates instead on seeking new
product opportunities in all the industrially advanced markets, in m.arket seg-
ments where quality may take precedence over price and on exporting equip-
ment, technology, and skills to the newly industrialising countries. Its main
competitive advantage is not geographical proximity to a richer expanc-h-ng
market but its ability to respond to multinational threfits and opportunities
emerging from changing tastes, technology, relative prices and competition
(1979, p. 286).

This will eventually lead to a process of economic divergence. While
interesting, Pavitt’s model provides no explanation for the abrupt
change in the process from catching up to divergence.

*For a more detailed critique see Soete (1981b).

tTheir overall predictive power in terms of a convergence of all growth' levels.to pop}lla-
tion growth levels is particularly poor. For example, Gomulka (on the basw' c?f his catching-
up model) made some unfortunate predictions in relation to UK productivity growth for
the mid-1970s and 1980s:

The UK industry is at present under the increasing influence of the technologically and
organisationally more innovative, and apparently already more advanced VY'est'ern Europ,e
and Japan. So, in principle, one ‘may expect a further though temporary rise in the UK’s
productivity growth from about 2.3 per cent in the ’50s 4 per cent in the years 61-74.to
5 per cent or so, characteristic now for Western Europe and Japan, followed by a decline
to the US rate of about 3 per cent per annum (Gomulka 1979, p. 191).

In reality productivity gre’,'w over the period 1975-1980/1 at an annual rate of less than
1 per cent.
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This is, of course, where long-wave considerations become of
crucial importance. While countries converge and draw nearer to
the technological leader during the slowing down and the actual
downswing of the Kondratiev, it is the recovery based on a ‘cluster’
of inter-related innovations originating in the old, or some new
technological leader which will set the process of divergence in
motion. The country at the technological frontier that is best pre-
pared technologically, economically and above all organizationally,
will probably become the new technological leader and a tech-
nological gap might start developing. Now, over the downswing
of the fourth Kondratiev — with more and more countries drawing
nearer the technological frontier — there is a period of intense
technological competition between the major ‘contenders’ for
technological leadership. This is accompanied by a continuing
increase in autonomous research spending (as opposed to the pre-
ponderance of ‘auxiliary-to-technology-import’ research spending
in the early catching-up phase) of the ‘catching-up’ countries, and
more and more duplicative research. At the same time, the inter-
national diffusion of technology increases more rapidly, the various
technological leaders competing against each other in domestic
as well as foreign markets. The result is a decline in the rate of
return to inventive activity and innovation. Even the smaller coun-
tries, seeing their productivity growth more and more restrained
by the rate of advance of the technological frontier, will increase
further their ‘autonomous’ research effort, in order to achieve
technological leadership in those sectors in which they have either
developed some technology or export comparative advantage. To
the extent that the resulting increase in international technological
competition reduces the rate of return to technology, most coun-
tries find themselves now in the paradoxical situation of spending
more on ‘autonomous’ research while the price for the import of
technology has actually slowed down. As each country’s ‘techno-
logical assets’ represent less and less monopoly power, so that the
monopoly rent it can earn on its technology exports starts declining,
it will finally be the degree of technological success, the relative
labour costs, the availability of skills, and the extent to which govern-
ment support is provided that will determine which country(ies)
will eventually emerge as the new technological leader(s) in the
next Kondratiev upswing. This will be accompanied by a process
of ‘divergence-growth’, which will last until the newly created
technological gap is sufficiently large to provide a sufficient in-
centive for the ‘lost-out’ countries to catch up.

The problem of which country is best prepared to emerge as
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the new technological leader in the next Kondratiev‘ upswing is,
of course, a highly speculative question. Yet _all the evidence seems
to point towards either the old technological leader, the USA,
or the major newcomer Japan. Why we believe that the latter might
eventually emerge as the new technological leader is as much re-
lated to Japan’s technological capabilities and general human skill

‘endowments’ as to its capacity for rapid social organizational adapta-

tions, and its success in ‘appropriating’ technology worldwide.

16 CONCLUSIONS

This book has been descriptive and analytical rather than prescrip-
tive, and it is not easy to point to a simple set of specific policy
conclusions. Indeed, fatalistic attitudes characterized some of the
early Kondratiev literature, and paradoxically, could be made to
fit some present-day economic thinking, apparently justifying the
view that governments can do very little about the present recession,
except to follow a policy of monetary constraint and to hope that
investment does indeed prove to be sufficiently interest-elastic.
They might also cling to the hope that depression might stimulate
innovation. The analysis presented in this book does not, however,
provide any support for such a crude technological determinism;
rather the reverse. During such periods as the present recession
there is a more urgent need to push forward the technological
frontier and public policies have an essential role: but these are
unfortunately the times when the (dynamic) allocative efficiency
of markets is at its lowest; and when both industry structure, and
the general state of expectations make ‘entrepreneurs’ risk-averse.
All these call for an active public policy, which has a dimension
largely lacking either in present day monetary constraint or post-
Keynesian demand-stimulating policies. Before discussing the core
of such a policy, let us briefly summarize the main conclusions
from our analysis. »

Throughout this book we have maintained that the emergence
of new technologies and their assimilation in the economies of
industrial countries, which is an extremely important aspect of
long-term economic development, is not a smooth continuous pro-
cess. Specifically, we have argued that technical change is extremely
uneven over time; as between industries and broad sectors of the
economy; and geographically as between regions and countries.
The diffusion of clusters of technical innovations of wide adapt-
ability is capable of imparting a substantial upthrust to the growth
of the economic system, creating many new opportunities for
investment and employment and generating widespread secondary
demands for goods and services. Over time, however, these new
‘technological systems’ mature and their investment and employ-
ment consequences tend to change. The combination of standard-
ization, growing capital intensity and scale economies means that
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the employment generated per unit of investment tends to diminish
whilst profitability is eroded during the diffusion process. The
‘compensation effects’, which might mitigate these tendencies,
operate only imperfectly and often with long delays. It has been
argued (e.g., in Chapter 8) that much of the stock of capital equip-
ment already in existence in manufacturing may be rather inflexible

in terms of its employment potential (i.e., it is ‘clay’ rather than.

‘putty’) and new vintages of equipment may require heavy investment.

If this is correct and the trend of technical change is strongly
capital-using, in the sense that capital/output ratios tend to rise
significantly, and labour per unit of capital decline strongly, the
demand management problem could become more complicated.
Demand would have to grow rapidly to keep up with productivity
growth in manufacturing and a shift from a stable to a rising capital/
output ratio requires that investment be rising as a fraction of GDP
if demand growth is not to lead to ‘capital shortage’. If the mvest-
ment rate is too low, demand growth may be prevented from keeping
employment growing, because employers do not have an adequate
modern capital stock to provide enough jobs. Inflationary pressures
(reflecting capital shortages) could then set in, even when there
may be significant unemployment. Apparent surplus capacity may
partly consist of vintages of equipment that are obsolete in terms
of effective international competition. A ‘capital shortage’ problem
could still hinder demand management, even if technical change
was not particularly capital-using if increased investment was a low
share of increased total demand. ‘Capital shortage’ unemployment
is thus a real possibility in the short and medium-term in any sub-
stantial recovery process, unless a large increase in investment takes
place.

Geographically and between sectors, the problems of unemploy-
ment in the older industrialized countries, especially in Europe
and the North East of the USA, may be more serious than is com-
monly supposed. There are some long-term structural aspects associ-
ated with the decline of older industries and the maturity of several
of the post-war new technological systems, so that in many in-
dustries (even in those where it proves possible to expand demand
and increase investment) this may not necessarily lead to any big
increase in employment, if these industries are to remain inter-
nationally competitive.

The extent to which public and private sector service employment,
requiring relatively little associated investments, could compensate
for these declining opportunities in manufacturing is a central one.
If such employment generation is not associated with productivity

.
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increases and technical change in the tertiary sector as well, then
it risks becoming a source of persistent inflationary pressure.

Millions of new jobs were generated in the USA during the 1970s
and the vast majority of these were in the service sector. In the
early 1970s many were in the public service both at Federal and
State levels; but in the late 1970s (Rothschild 1981) most were
in the private personal service industries, mainly in low wage and
short working week occupations. It is tempting to infer from this
experience that a combination of demand expansion with increased
flexibility in wages and hours could resolve the problems and permit
a rapid return to full employment in Europe as well as in the USA.
As in the 1930s, downward flexibility of wages and the emasculation
of union bargaining power by legislative or economic pressures
are sometimes advocated as the decisive steps towards recovery.

However, before accepting such deceptively simple remedies it
is essential to recognize that, in contrast to previous periods of
recovery from recession, the 1975-9 apparent recovery — although
more vigorous in the USA than in Europe — was not accompanied
there by any significant productivity growth but was accompanied
by a high rate of inflation by USA standards and by a loss of inter-
national competitiveness. These inflationary pressures led to the
abandonment of expansionary policies in 1980 and to a renewed
rise in unemployment. This suggests that simply to pursue a policy.
of demand expansion, even with low wage ‘union-free’ sectors as
in the USA, could be a dangerous path for European countries with
their far greater vulnerability to international trade and exchange
rate pressures, and often higher rates of inflation.

But more crucially, and as argued before, in terms of our long-
term analysis simple demand expansionary or stimulating policies,
while useful in terms of avoiding some of the negative aspects of
recessions such as large-scale unemployment, will actually be unable
to provide the necessary impulse to the economic system in terms
of ‘tilting’ it out of a long-term structural recession on to a higher
path of economic growth. More than in any other period of long-
term economic development, structural recessional/depressional
periods call for a specific technology policy.

10.1 The role of technology policy

We have suggested that the promotion of major new technological
systems and of productivity growth based on technical change may
be an important means to help restore the economic health of the
mature industrialized countries. This conclusion emerges from the
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earlier experiences of recovery from depression as well as from the
more recent Japanese experience. Particularly important would be
innovations of wide adaptability, which could lead to a combination
of high productivity gains and greatly improved profitability.

Three sets of technology policies seem particularly relevant:

(1) Policies which aim directly at encouraging firms to take up
radical inventions/innovations. They seem particularly relevant in
those recessional/depressional phases, when private investment
seems reluctant to go for these radical, but risky, innovations. They
could be described as Schumpeter mark I policies, ranging from
direct financial - support, to various forms of indirect risk-taking
support in order to promote the emergence of radical new innova-
tions. The evidence that we have considered in this book indeed
suggests that such radical innovations are often not immediately
and obviously profitable. Only after a fairly long gestation period
does ‘take-off’ occur. This means that during the gestation period
positive and patient public policies of support, encouragement,
experiment and adaptation can be extremely important. The com-
puter is a particularly notable example. The unaided market mech-
anism is not enough.

Economists and a wider public are often rightly suspicious of
governments putting public money into exotic new technologies
because of disappointing past experiences with supersonic transport
aircraft, and some military and nuclear projects. However, these
were launched in quite different circumstances and often without
much consideration of the economic and social aspects. Good
technology policy requires considerable sophistication and co-
operation between engineers and economists, as well as some good
luck and well-informed public debate. The discussion initiated by
Eads and Nelson (1971) and followed up by Pavitt and Walker
(1976) and Nelson (1980a and b) is extremely important in this
context. They have designated the circumstances in which public
involvement can be useful and effective and emphasized in particular
the extremely important distinction between ‘exploratory develop-
ment’, which is relatively inexpensive and would often merit support
from government sources, and full-scale commercial development,
which is usually far more expensive and more seldom justifies the
commitment of public funds to R and D. The expensive failures
that several countries have experienced have largely stemmed from
disregard of this basic distinction, from the power and prestige of
specialized lobbies to influence government policies and from the
associated absence of adequate public debate. Investment projects
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incorporating new equipment, and procurement of new products
that meet advanced technical specifications and satisfy social require-
ments, may be a much more satisfactory form of public involvement
at this stage than R and D subsidies.

There are many other ways in which public policies can help to

promote the emergence of radical new technologies. Some of them
are described in general terms in the OECD Report on Technical
Change and Economic Policy (1980) and by Rothwell and Zegveld
(1981). Support for fundamental research, for ‘enabling’ or ‘funda-
mental’ technology and policies designed to improve the coupling
between the various parts of the science-technology-industrial
system are all of critical importance.
(i) However, the early stages of radical innovations do not have
big economic effects. Only large-scale diffusion can have such effects
and therefore a second set of policies aimed at improving the dif-
fusion of existing, but still relatively new and radical, innovations
throughout the various sectors is essential. We refer here in particular
to ‘sheltered’ or highly concentrated sectors of the economy —
‘closed’ sectors that are not subject to the pressures of international
competition, such as public utilities, public transport and large
parts of the service sectors; and the typical state or private monopolies
or ‘cartelized’ oligopolies, which may be unable or unwilling for
a variety of reasons to promote the adoption of radical new tech-
nologies. Policies are needed to promote dissemination of informa-
tion and diffusion of innovation throughout the economy. They
range from direct support for small innovative firms* to general
support or information programmes for the introduction of specific
technologies (such as the relatively successful UK Micro-processor
Applications Project MAP) which consisted of a fund available
to firms in any industry to finance education, consultancy and
development costs of products or processes using micro-electronic
technology.

In fact, probably the most effective public policies with the
greatest employment effects would be those involving programmes
of public investment and the accompanying procurement of new
products or use of new technology. For example, it might cost
between $5 billion and $20 billion to ‘wire up’ most urban areas
in a country the size of UK or the German Federal Republic in
such a way that domestic consumers could take full advantage of
the potential applications of information technology, including
two-way communication with distribution networks (‘tele-shopping’)

*For overviews of various policy proposals with respect to small firms see Sweeney
(1980), Rothwell and Zegveld (1981 and 1982).
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financial services (‘tele-banking’) and so forth. Whilst this would
not necessarily involve large-scale commitment of public funds,
active government policies are essential in such areas as standards,
~definition of responsibilities and links with existing telecommunica-
tions networks. Moreover, such ambitious long-term policies should
pay special attention to the needs of the education system, the

health services and other social services in which direct public pro-

curement and investment are essential, and which might otherwise
be the Cinderella areas of social and technical change.

We also would include here policies aimed at eliminating some
of the other bottlenecks with regard to new technologies, particularly
in relation to so-called ‘human capital’.

The skill shortages that inhibit the rapid diffusion of new techno-
logy systems are an obvious and important area of public involvement.
Experience in Germany and Sweden in particular has demonstrated
that imaginative and ambitious public programmes can complement
the efforts of private firms in training and re-training the labour
force, and minimize the adjustment problems of structural change
especially for young people. Experience in Japan suggests that
massive public investment in higher education combined with in-
tensive training and re-training in industry may be even more effec-
tive. A much higher proportion of young Japanese attend higher
education than in any European country now. There is scope for
a variety of strategies tailored to national circumstances but there
can be little doubt that a policy of ‘intangible investment’ in the
expansion of education and training can be a useful aid to adapta-
tion and a valuable ‘counter-cyclical’ investment strategy.

(i) A third set of policies aims at improving the import and the
internal diffusion of foreign technology. It is a policy that in the
first instance has to convince local businessmen and managers,
as well as government officials, that foreign technology in certain
areas and at certain times might be more advanced or simply better
than domestic technology; this seems to be particularly difficult
to achieve in the case of the old technological leaders, such as the
UK and the USA. Yet, .as Japanese post-war experience shows,
a deliberate policy towards the import of foreign technology,
coupled with autonomous efforts to improve it, can be highly

successful. Particularly for industries that are at some distance from.

the world technological frontier, such a policy seems extremely
relevant, but even for technological leaders, active support in seek-
ing and using the best available world technology is common sense.
No country can be a technological leader in all areas, and all can
learn from international experience. Perhaps the most important
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group in MITI is that which monitors world-wide technological
developments and advises on possible future trends and their im-
plications for Japanese industry.

10.2 The limitations of technology policy and of
demand management

It would be a mistake to believe that technology and training policies
alone, however well-conceived and executed, could extricate market
economies from their present difficulties. Technology policy does
not operate in a vacuum but in a very specific economic and political
environment. The co-existence of high inflation with high unemploy-
ment is a major new phenomenon of the present Kondratiev down-
swing. Chesnais (1982) has reminded us that each successive wave
of new technologies is diffusing in a very different social climate;
Schumpeter discussed the new complications arising from the grow-
ing role of the state and of large oligopolies already in the recovery
from the 1930s depression. He returned to these problems particularly
in Capitalism, Socialism and Democracy (1943).

In Chapter 7 we have pointed to the further growth of industrial
concentration since that time and to rigidities in price behaviour
associated with that process. Schumpeter mark I is still important
but Schumpeter mark II predominates. The inflexibility of wages
has been a commonplace of the economic policy debate for more
than half a century. There is much force in Kristensen’s (1981)
argument that almost all markets including commodities and capital
as well as labour have become much less flexible than in the nine-
teenth century or the early part of this century. His analysis of
inflation and unemployment is one of the most original and chal-
lenging in the recent debate and derives added force from his ex-
perience as a Finance Minister and as Secretary General of the
OECD in the 1960s. After discussing the loss of price flexibility
in many types of ‘organized’ market, he concludes:

. expansionary demand management may be able only temporarily to in-
fluence employment in a positive direction, and . . . the chances of lowering
the rate of inflation through restrictive policies are poor. The possibilities of
getting out of the present unhappy combination of inflation and unemployment
must therefore be considered small or non-existent (p. 43).

He goes on to ask whether in these circumstances there is (as
some monetarists suggest) a ‘natural’ and unavoidable rate of un-
employment or of inflation and answers his own question:
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In my view the word ‘natural’ is misleading in both cases. It is not in the nature
of things that there must always be high rates of unemployment or of inflation.
Rather with the present organisation of markets and of the public sector a
strong tendency for both inflation and unemployment to be persistent features
of modern economies seems to be built into the system. This does not prevent
the performance of the system from being better in both respects if these
systems of organisation are improved (p. 43).

In the concluding chapter of his book (in which he discusses

the policy implications of his analysis) he raises the other funda--

mental question which is at the heart of the current debate:

If it is true that the economies have lost much of the self-adjusting capacity
of former times, can we not go back to the old systems of the 19th century,
yvhcn prices, wages and employment moved up and down but never got locked
in an extreme situation for any length of time?

Again he gives an unequivocal answer:

There is no possibility of moving backward in history. Concentration of industry
has been unavoidable because large enterprises are superior in branches where
certain overhead costs, such as research and development, are important. The
larger the market, the lower these costs per unit produced. For the same reasons
multi-national corporations and international banking operations were bound

to expand . . . Similarly it could not be avoided that wage earners united more
and more. . . Finally the public sector has been bound to expand in modern
societies. . . If we cannot go backward we must go forward. We must accept

tha't .markets are organised and increasingly so. And we must accept that the
political authorities of national states have important roles to play, now supple-
mented by a number of international organisations (p. 134).

He concludes that the performance of the OECD economies can
only be improved by the institutionalization of prices and incomes
policies on a semi-permanent basis. Only such radical new departures
could ensure a return to price stability and full employment.

Obviously, not everyone has been convinced by Kristensen’s
analysis and his powerful restatement of the radical Keynesian
alternative to monetarism. But in so far as it relates to the role of
innovation in the concentration process, to the growth of inflex-
ib%lities in markets, and to the role of government in policies for
science and technology, we find his arguments persuasive. Whether
economies which adopted his policy prescriptions could any longer
be reasonably described as ‘market’ economies is an open question,
but in any case we have already made clear that our approach to
the behaviour of the economic system, like that of Schumpeter
and Kristensen, is essentially a historical one which tries to take
account of institutional and social change, as well as the specific
features of successive waves of new technology. The widespread
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exploitation of information and communication technologies in the
tertiary sector, as well as the introduction of new energy techno-
logies, would in our view inevitably involve a substantial role for
public authorities, as well as large and small private firms.

10.3 Technical change, employment and inflation

Whether or not one accepts these Schumpeterian/neo-Keynesian
prescriptions, there remain two very fundamental issues which will
confront the OECD economies in the next twenty years. The first
is the extent to which technical innovation and its diffusion may
alleviate the inflationary pressures which are present everywhere
even during periods of recession. The second is the response of the
work force to technical change, to ‘re-deployment’, ‘re-training’
and possibly temporary or prolonged unemployment. The problems
are in our view closely related, since only a high rate of technical
change can generate the type of productivity increases that can in-
crease real — as opposed to money — incomes and a high rate of tech-
nical change increasingly requires the active participation of the work
force at all levels. We shall return to this last point at the end of the
chapter, but we first consider the question of the rate of technical
change and its bearing on the rate of increase in real wages.

Clearly a zero-growth economy, or still more a declining economy,
cannot satisfy the aspirations of its citizens for a rising standard of
living or can only satisfy the ambitions of a small fraction of them
at the expense of the rest with all the potential for social conflict
which that implies. A rapidly growing economy, on the other hand,
risks generating inflationary pressures which may become unaccept-
able if a ‘free’ labour market operates in conditions of strong demand
for labour and acute skill shortages.

Whether or not the alternative solution of some kind of incomes
policy can be made to ‘stick’ depends, in part, on the social learning
process that we have gone through in the past quarter of a century.
However, it would at least be more likely to stick if part of the deal
were a significant, though small, improvement in the real income
of the majority of the population on a relatively regular basis. Such
an improvement is possible only through a high rate of technical
change. If the responsibility for that technical change and the re-
wards for its effective implementation are more widely diffused
and the whole process is more widely understood and appreciated,
then this can only benefit the implementation of growth-oriented
but anti-inflationary policies. ‘Self management’, ‘worker-participa-
tion’ and co-operative ownership are all important in this context.
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10.4 Lessons from Japan?

One of the factors hindering a high degree of public involvement
and understanding is itself the prevalence of high levels of unemploy-
ment. It is hardly surprising that workers, who may be declared
redundant when opportunities for new employment are rather
scarce, should be lukewarm about labour-displacing innovations.
Not surprisingly too, workers in Japanese corporations who enjoy
a high degree of job security (‘lifetime employment’) and are
thoroughly informed about projected changes in the techniques
in the plant in which they work, are apparently very co-operative
in implementing such changes. It would be surprising if the con-
tinuing high rate of technical change and productivity increases
in Japan were not related to these factors.

Several other features of Japanese economic performance stand
out from the (now numerous) attempts to explain her success.
First, as mentioned earlier, the Japanese government (and particu-
larly MITI) has had a very deliberate and long-term policy towards
the promotion of technical innovation in the Japanese economy,
This was never simply a policy of carbon-copy imitation, but has
always involved a combination of seeking and using the best avail-
able technology in the world with autonomous Japanese efforts
to improve it. (In fact, in the early 1980s, Japan has ceased to be
a net ‘importer’ of technology and has become a net ‘exporter’,
in other words her technological balance of payments has moved
into surplus.) Long-term technical considerations were always
given priority. For example, when traditional economic and financial
theorists argued in the early 1950s that no special measures should
be taken to promote the car industry, as Japan could not compete
successfully in this industry, they were over-ruled. Secondly, Japanese
policy has been eclectic in its choice of means to promote the desired
high rate of technical innovation but has seldom hesitated to use
the power of government and the associated financial weapons to
promote the R and D, investment and structural change on the
scale believed to be necessary. Thirdly, Japanese investment, in
both physical equipment and education and training, has been
extraordinarily high and a close connection has been established
between the introduction of new products and processes and train-
ing programmes at all levels in industry. This appears to involve
very close co-operation with unions at plant level. Finally, it has
recently been Japanese policy to promote the introduction of
entirely new technologies (in global terms) on a small-scale demon-
stration basis in order to acquire experience, diffuse the results in
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industry and sustain economic progress. It is for a combination of
these reasons that we have suggested that Japan may lead the next
expansionary upswing of the world economy.

The Japanese experience confirms that, contrary to superficial
appearances, it is easier to maintain full employment with a high
rate of technical change and vice versa. When productivity growth
is rapid, wage increases can be more easily absorbed without in-
creasing production costs and without diminishing international
competitiveness. Even if the direction of technical change is adverse,
levels of investment as high as that in Japan can still generate further
increases in employment, albeit more slowly. Economies of scale
and the associated productivity gains are more easily attained under
a high growth and high investment regime.

Other countries devoted relatively greater resources to R and D
in the post-war period but in none of them were the links between
economic policy and technology policy so close as in Japan. In the
USA, the USSR and the UK a very large part of the highest quality
scientific and engineering resources were locked into the military/
nuclear/space sectors, which played virtually no part until very
recently in the Japanese system. The tendency in the US and UK
especially was to treat technology policy as a special aspect of
defence with heavy prestige overtones, rather than as an integral
part of economic policy and industrial policy. Some other European
countries have been rather more successful but none of them have
been anything like as successful as the Japanese.

But is the ‘Japanese’ path a practicable or a desirable one for
other OECD countries to follow? Some features of it are obviously
very attractive — in particular the combination of high investment,
high rates of technical change and relatively low levels of unemploy-
ment. Many people would also consider the rather high degree of
job security at least in the large-company sector as another attractive
feature. However, the difficulties must also be taken into account:
Japan has certainly not escaped inflation, although its consequences
have been sufficiently dampened to sustain international competi-
tiveness. Japan’s success has been relative to her international com-
petitors, some of whom had to be losers if trade generally grows
more slowly. The ‘two-tier’ nature of the economy and the social
and environmental strains imposed must also be considered. Japan,
too, has its low-wage service sector in which working conditions
are still poor and security of employment less than in the modern
large firm industrial sector or in government. Social services are
still far from adequate and housing is poor. Clearly it would also
be difficult for other OECD countries to imitate some features of




200 CONCLUSIONS

Japanese society, which depend on very strong cultural traditions
and behaviour patterns. Japan is far from being a Utopia and cer-
tainly cannot offer complete solutions to the most fundamental
problems confronting all industrial economies in the last part of
this century. However, her experience does offer some useful pointers
on how to achieve high rates of growth and high levels of employ-
ment and technical change even in adverse world conditions.

10.5 Concluding remarks

To combat inflationary pressures with deflationary policies and
high unemployment puts many of the social and political achieve-
ments of the entire post-war period at risk.

We find the acceptance of a high level of unemployment as a form
of restraint on wage pressures, whether temporary or permanent,
socially unacceptable and we believe it to be politically impracticable
over any extended period. There has to be a better way to treat
human beings in the twentieth century. We are not suggesting that
technology policies alone can be successful in solving the funda-
mental social, political and economic problems that go far beyond
the scope of this book. However, we do believe that well-conceived
technology policies are a vital ingredient of any strategy designed
to combat the twin crises of unemployment and inflation.

..
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APPENDIX A: GLOSSARY

Invention The first idea, sketch or contrivance of a new product,
process or system, which may or may not be patented.

Innovation The first introduction of a new product, process or
system into the ordinary commercial or social activity of a country.

_ Diffusion The spread of an innovation through a population of

potential users, with or without modification, both nationally and
internationally.

Basic innovation as defined by Mensch (1975) Innovations that

create a new market and a new branch of industry.

Basic inventions The inventions that lead to basic innovations.

Radical inventions and innovations The most important inventions
and innovations, which may typically require a new textbook to
describe them, may give rise to a change of technique in one or more
branches of industry, or may themselves give rise to one or more new
branches of industry.

Major inventions and innovations The next most important cate-
gory of inventions and innovations, which may typically give rise to
new products and new processes in existing branches of industry, to
many new patents and to new chapters in revised editions of existing
texts on technology.

Minor and incremental inventions and innovations Small improve-
ments to existing products and processes, which may be patented but
often will not, and which may merit brief mention in the technical
literature, but often will not.

Master patent as defined by Baker (1976) The first patent to be
economically viable in relation to a specific invention.

Key patents as defined by Baker (1976) The mostimportant patents
in relation to a specific invention.

ol
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Method of computation of life cycle curves
(note relevant to Figure 5.4)

The relative weight of each specified subject [papers, patents, production
researchers etc.] seems to be a more important indicator than the absolute’
pumber ... initself, . . . The changes with time of the relative weights of each
item thus obtained are plotted on a diagram. For the items which seem to have
a life cycle character, parameters a, b, ¢ of the following function are calculated
using the least squares method:

c
y =
1 +a(x —b)?
Where y is the relative weight of the specific item in the year x. . .. In this

type of function the parameters can be interpreted in the following way: a is
the coefficient related to the breadth (time duration) of a life cycle curve;
b is .the time at which relevant researches [etc.] are executed . .. ; ¢ is thej
relative weight of the relevant publications [etc.] at the peak of its life cycle
curve. . . . This function therefore makes it easier to express the character-

isti3c;5())f the life cycle in a visual way . . . (K. Yamada and E. Otaki 1971
p. . ’
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