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Technical change is of great importance to the socio-economic performances
in agriculture. Without the contipuous introduction new techniques and methods
of production, agriculture would have been very different from what it is today.
Nevertheless, the forces fueling the generation and dissemination of these new
techniques and methods are still poorly understood. This has, amecng other
things, adversely affected attempts by agricultural economists to predict the
relation between prices and supply of agricultural products cn the longer term.

In many analyses, technical change is being treated as an ocne-dimensional
and well outlined phenomenon. A better understanding of the process of technical
change requires an apprrach by which one would be able to integrate the
complexity of economic, institutional, historical and scientific influences.
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Preface

The effectiveness of agricultural policies in terms of pro-
ductivity growth and income protection is often affected by tech-
nical changes. Whereas the influence of the introduction and dif-
fusion of new techniques has received much attention in agricul-
tural economic and sociclogical research, it iz satill not quite
clear which factors account for these technical changes. Farm
prices undoubtedly play a significant role, but economists are in
disagreement about a more precise assessment of this influence.
Consequently, discussions about the possibilities and limitations
of price policies with regard to market control are surrounded by
many uncertainties.

In an effort to contribute to these discussions the Agricul-
tural Economics Research Department of LEI has decided to make an
inquiry into the shaping forces behind technical change. By way
of first exploration this research report focuses on views from
agricultural and general economic literature.

The director,

4 Tl

The Hague, February 1989 J. de Veer



Summary

The influence of ongoing technical changes in agriculture on
the volume of production, productivity performance, and economic
returns can hardly be overestimated. Since World War II the use
of new techniques and methods of production has given rise to
unprecedented growth figures in western agriculture. In due
course, however, these developments have put more and more press-
ure on agricultural markets and agricultural support policies.

Next to its often ambiguous effects on environment and
social conditions in rural areas, the aspects menticned above
have given rise to critical reassessments of technical change in
agriculture. For example, it has become important to determine
the reciprocal influence of prices on technical change in order
to decide upon future price policies. These assessments, however,
refer to the effects, as well as to the causes of technical
change. And as far as economic theory is concerned, the latter in
particular present serious analytical problems.

Developments within general economic theory

A review of general economic literature on techmnical change
reveals that these analytical problems arise already at the stage
of defining the relevant concepts and issues, such as invention,
innovation, technology and the measurement of technical change.
Generally speaking, economists find it difficult to grasp the
complexity and multiformity of phenomena which are - often for
the sake of convenience - classified under "technical change". To
a certain extent, this may explain why the process of invention
and innovation has been treated as a "black box" for a con-
siderable time, especially from the end of the 19th century until
approximately 1930. Although the gradual eradication of this.
black-box approach started with the writings of Schumpeter and
Hicks, it was not until the first attempts were made to quantify
the sources of productivity growth for the economy at large, that
the approach became more and more explicitly rebuked.

In their search for more thorough explanations of technical
change, some economists tended to stress demand or market vari-
ables, while others argued for more exogeneity (e.g., by empha-
sizing the relative autonomy of science and technology). This
eventually culminated in the "“demand-pull versus technology-push"
debate among economists and related =scheolars.

The so-called evolutionary approach can be considered as an
attempt to settle this debate by introducing concepts which are
designed to deal with the relatedness batween economy and tech-
nology, as well as with the variety of (scientific, technologi-
cal, economic, institutional, etc) factors affecting the strat-
egies involved in the innovative process,



Explaining technical change in agriculture

The treatment of technical change by agricultural economists
has, by and large, developed similar to that in general econemic
theory. The most advanced attempt to explain the generation and
dissemination of new techniques in agriculture is, without doubt,
the so-called Induced Innovation Hypothesis of Hayami and Ruttan.
This still tentative theory incorporates many components of
thought by other agricultural economists and has by now beccme a
more or less generally accepted approach. Nonetheless, its argu-
ments with regard to the generation of new techniques is one of
the most criticized elements of the induced innovation approach.
Furthermore, the rather heavy reliance upon the market as selec-
tive device has been criticized; on the one hand by those who
prefer to stress the autonomy of technology, technology-producers
and/or physical exigencies, and on the other hand by those who
claim that the innovative process is induced by more than the
economic factors suggested in the Induced Innovation Hypothesis,
but also by different, and far more complex mechanisms. It is ar-
gued that the factors underlying the generation, i.e., the pro-
duction, of (new) agricultural technologies, are still not well
understood and that more attention should be given to the strat-
egies, criteria, and selection environment of technology pro-
ducing public and private institutions.

Prices and technical change iIn agriculture

An illustration of this state of the art within agricultural
economics are the many rather unsuccessful attempts to determine
the relationship between farm prices, supply and technical change
quantitatively. In spite of this, this problem is often addressed
by means of the price elasticity of supply; and although this in-
strument does produce some useful insights, it is a far too cne-
sided tool for this purpose. In the absence of better techniques
and a better understanding of the problem, however, economists
still have to make do with it.

Thus, the research agenda of agricultural economists is in
need of some additions and in this respect the most recent devel-
opments within general economic theory could well serve as a
point of departure. Particularly, more empirical research of the
evolution of technological paradigms and trajectories in agricul-
ture seems a promising research line to follow.



Samenvatting

De invloced van de voortdurende technische veranderingen in
de landbouw op het produktievolume, de produktiviteitsontwikke-
ling en de economische opbrengsten, kan nauwelijks overschat wor-
den. Na de Tweede Wereldoorlog maakten nieuwe technieken en pro-
duktiemethoden het mogelijk dat de Westerse landbouw een ongeken-
de groei doormaakte. Van lieverlee zijn de landbouwmarkten en het
ondersteuningsbeleid voor de landbouw door deze ontwikkelingen
evenwel onder steeds meer druk komen te staan.

Naast het veelal tweeslachtige effect van technische ontwik-
keling op natuur en milieu en de werk- en leefomstandigheden in
plattelandsgebieden, hebben de bovenstaande aspecten aanleiding
gegeven tot herwaarderingen van technische veranderingen in de
landbouw. Zo is het des te belangrijker geworden om te kunnen be-
palen wat het wederzijdse verband is tussen prijzen en technische
ontwikkeling, zodat de vaststelling van het toekomstige prijsbe-
leid met iets minder onzekerheden omgeven kan worden. Deze her-
waarderingen gaan echter niet alleen om de effecten van techni-
sche verandering, maar ook om de corzaken ervan. En voor zover
het de aconomische theorie betreft lavert de analyse van vooral
het laatste type van herwaardering vaak grote problemen op.

Ontwikkelingen in de algemene economische theorlie

Een overzicht van de algemene economische literatuur laat
zien dat deze analytische problemen al opdoemen bij het defi-
niéren van de relevante concepten en vraagstukken 2oals inventie,
innovatie, technologie en de meting van technische ontwikkeling.
Over het algemeen blijkt het voor economen nogal moellijk te zijn
om Rrip te Krijgen op de ingewikkeldheid en veelvormigheid van
die verschijnselen die - vaak vooral voor het gemak - gegroepeerd
worden onder het hoofdje "technische verandering". Dit verklaart
wellicht ook in zekere mate waarom het proces van inventie en in-
novatie ze lang, vooral tussen het eind van de 19e eeuw en onge-
veer 1930, als een "black box" werd beschouwd. Alhoewel de gelei-
delijke uitbanning van deze benadering begon met (onder anderen)
Schumpeter en Hicks, waren het de eerste (weinig succesvolle) po-
gingen om de bronnen van economische groei kwantitatief vast te
stellen die de doorslag gaven.

In hun pogingen om een meer omvattende verklaring te vinden
voor technische veranderingen, heeft een aantal economen vooral
de nadruk gelegd op vraag- en marktvariabelen, terwijl andere
Juist meesr veel meer belang hechtten aan exogene variabelen ofte-
wel aan de relatieve autonomie van wetenschap en technologie. De-
ze twee standpunten vertegenwocrdigen de extremen in wat onder
economen en verwante wetenschappers van lieverlee het "demand-
pull versus technology-push" debat is gaan heten.



De zogeheten evolutionaire benadering kan worden beschouwd
als een poging dit debat te beslechten. In deze benadering worden
concepten gelntroduceerd die uitgaan van zowel het verband tussen
economie en technclogie, als de variéteit aan (wetenschappelijke,
technologische, economische, institutionele, etc.) factoren die
van invlced zijn op strategieén rond inventie en innovatie.

Verklaringen voor technische ontwikkeling in de landbouw

De opvattingen van landbouweconomen over technische verande-
ring hebben zich goeddeels hetzelfde ontwikkeld als die van de
algemene economen. De meest geavanceerde poging om een verklaring
te geven van de produktie en verspreiding van nieuwe technieken
in de landbouw, is ongetwijfeld de zcgeheten Hypothese van de Ge-
induceerde Innovatie zoals die door Hayami en Ruttan is uitge-
werkt., Deze nog tentatieve theorie draagt een groot deel van het
gedachtengoed van collepa-economen in zich en is nu een min of
meer algemeen aanvaarde benadering. Dat neemt echter niet weg dat
er geen kritiek (meer) op is; vooral de verklarende waarde voor
de preduktie van nieuwe technieken wordt sterk in twijfel getrok-
ken. Ook de nogal sterke nadruk die de theorie legt op de invloed
van marktvariabelen heeft veel kritiek ondervonden. Deze kritiek
komt aan de ene kant van hen die de autonomie van technologie,
techneologie-producenten en/of fysische randvoorwaarden meer op de
voorgrond willen zetten. Aan de andere kant wordt de kritiek ook
verwoord door hen die menen dat het innovatieve proces niet al-
leen het resultaat is van meer factoren dan de economische die
Hayami en Ruttan noemen, maar ook door andere, meer ingewikkelde
mechanismen vorm krijgt.

Beargumenteerd wordt dan ook dat de factoren die ten grond-
slag liggen aan de produktie of het beschikbaar komen van
(nieuwe) agrarische technologieér nog steeds niet voldoende wordt
begrepen en dat meer aandacht zou meceten worden geschenken aan de
strategieé&n, de criteria en de selectie-omgeving van producerende
{publieke en private) instituties.

Prijzen en technische verandering in de landbouw

Dat de corzaken van technische ontwikkeling nog onvoldoende
begrepen wordt wreekt zich bij de vele nogal weinig succesvolle
pogingen om het verband tussen landbouwprijzen, aanbed en techni-
sche ontwikkeling langs kwantitatieve weg te bepalen. Toch wordt
dit probleem veelal benaderd met behulp van de prijselasticiteit
van het aanbod, een instrument dat weliswaar waardevolle inzich-
ten op kan leveren, maar voor dit doel te beperkt is. Bij gebrek
aan betere technieken en aan beter begrip van de materie, zullen
landbouweconomen het er voorlopig mee moeten doen.

10



dlgemene conclusie

De onderzoeksagenda behoeft dus enige aanvulling en wat dit
betreft kunnen de recente ontwikkelingen in de algemene economi-
sche theorie goed dienen als vertrekpunt. Het zal dan in het bij-
zonder moeten gaan om meer empirisch onderzoek naar de evolutie
van technologische paradigma'’s en trajecten in de landbouw.

11



1. Introduction

".. new technologies, processes and products have to be
dreamt, argued, battled, willed, cajoled and negotiated into
existence. They arise through endless rounds of conjecture,
experiment, persuasion, appraisal and promotion (..) There
is no unstoppable process that brings inventions to the mar-
ket. They are realised only as survivors."

(Yoxen, 1683:28/29).

1.1 Background information

One of the most preonounced problems of present-day agricul-
ture in Western economies is the combination of persisting sur-
plus production on the one hand and persisting relatively low in-
comes for a majority of preducers on the other. As well as being
designed to circumvent this typical agricultural problem, farm
policies also tend to become constantly adversely affected by
this phenomenon. Thus, right from the start of a European farm
policy, immanent surpluses and average income arrears constituted
one of the sources of both its origin as well as its laborious
progress.

Modern agriculture appears to be tooc successful in the sense
that its expansive capacities can be said to exhibit a downward
pressure on the social and economic performance of the sector it-
self, or at least of parts of it, Furthermore, it has put agri-
cultural peolicy in most Western economies under severe financial
and therefore political pressure.

"Techn{olog)ical change" undoubtedly is one of the most in-
fluential features ¢f present-day agriculture as it has stimu-
lated impressive productivity increases and altered and reshaped
the business of farming drastically. Needless to say, there is a
close relaticnship between technical change and surplus produc-
tion, even to such an extent that the idea has taken hold of some
people's minds that to solve the surplus problem effectively we
have to slow down or even call a halt to technical change. Un-
fortunately, things are not that simple, if only because of the
fact that the rising volume of agricultural production has orig-
inated from the combined effect of a growing input use and rising
productivity. And to both these tendencies, technical change has
contributed significantly, although not exclusively. Furthermore,
technical change is influential, but on the other hand hard to
pinpoint. Scholars of this omnipresent phenomenon are inclined to
use terms like "a black box" and "manna from heaven", illustrat-
ing a fundamental lack of knowledge of the relationship between
technical change and economic development. In addition, there
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is hardly any agreement on relevant subjects within the study of
technical change. Consequently, we are still left with unan-
swered, or at best only partially answered, but selfevident
gquestions such as:

What is technical change exactly?

How can we measure technical change?

What determines its rate and direction?

Can "society" influence its rate and direction?

1.2 The scope of this report

In this report we will not attempt to give final anawers to
these questions, but merely review opinions from literature on
the economic aspects of technical change. Our main goal is to re-
port the state of knowledge concerning the relationship between
prices and technical change in agriculture. The motive for select-
ing this subject is given by the actual problems of agricultural
policy, since there are broadly speaking two ways to relieve its
financial burden: firstly, by reducing price-supports, and sec-
ondly by controlling the growth of production through more or
less regulatory measures. The policy followed at present tries to
do both, thereby assuming that lower prices ultimately will af-
fect production negatively.

From a theoretical point of view it goes without saying that
prices have to be considered as a major instrument in manipulat-
ing the volume of production, although their effectiveness in
many cases leaves much to be desired. For example, in an OECD re-
port (1984) on farm policy one can read the typical argument:

"It is essential that In this way (i.e., through reduction
of real guaranteed prices; HR) producers find a clear signal
of the situation to which they have to adopt thelir deci-
sions. However, it is difficult to find a balance betlween a
sharp price reduction --which may be politically unaccept-~
able because of its effects on income, and economically dam-
aging if it is beyond the adjustment capacity of egriculture
~ (and) on the other hand a small reduction -(which) may nct
succeed if Its effects are offset by higher productivity due
to technological progress.

The bold statement of the American economist Cochrane that
"it is wrong, as wrong can be, to conclude that a falling farm
price level will reduce total farm output"” merely adds to this
view, and indicates extensive disagreement among economists or at
best serious doubts with regards to the applicability of "pure"
theory to practice {(Cochrane 1958:51).

Irrespective of how one may think of the interaction between

prices and production, there is at least one point of view no-
body, including Cochrane, would contradict, namely that there is

13



indeed a point at which a further lowering of prices will cut
back preduction effectively. Of course, opinions diverge on the
exact location of this "point", but it is characteristic to the
matter, that most pecple, like the OECD, hasten to add that the
social and ecconomic consequences of such low prices would be un-
acceptable. With moderate price decreases, the short-term effect
on supply is far less clear and at best unsatisfactorily small.
This is why measures aimed directly at reducing production have
been introduced in a number of cases. The unpredictability be-
comes even worse however, when the longer term is taken into con-
gsideration. For then, the phenomenon of technical change appears
to blur supply analyses significantly; although it is common
knowledge that this technical change is cone of the factors that
"scmewhere®” and "somehow" stands between prices and supply, the
precise hows and whys are largely unknown. As illustrated by the
leading quotatien of this chapter, this lack of understanding
causes repercussions on the efficacy of farm policies. This ap-
plies all the more when we speculate on what biotechnological in-
novatiens may bring and - more important in this respect - under
which economic circumstances this alleged new green revolution
will flourish best.

Next to its direct implications for agricultural policy, the
poor understanding of technclogical change by agricultural econ-
omists also forms a stumbling block to the relevancy of (agricul-
tural) economics as a scientific discipline. Obviously, this goes
for predictive models in particular, since technclogical change
is admittedly one of the most crucial (longer-run) supply-specify-
ing variables. E.g., in his analysis of some forecasting economic
studies of the Agricultural Economics Research Institute (LEI)
during the sixties, Oskam (1985) found that the rate of techno-
logical change (in terms of rising labour productivity) had been
underestimated by 50%. According to Cskam, this was one of the
reasons why the ocutcomes of the studies did not correspond to the
realized figures. Although technical change has received more and
more attention in the course of the vears, it still remains to be
seen whether modern forecasting studies succeed better in incor-
porating this moving force than the more cld-fashioned studies.

1.3 Global structure

The giobal structure of this report moves from the general
to the specific. Thus, we will start with some definitional and
conceptual problems, followed by a very rough sketch of the ex-
tensive debates among general economists on the degree of endo-
geneity of technical change (chapter 2). Next, we will deal with
the economic aspects of technical change in agriculture, that is,
with the writings of agricultural economists and related schclars
on the measurement and explanation of technical change {(chapter
3). A separate chapter (4) is reserved for the "initiation" of

14



technical change in agriculture, in which the role of public and
private bodies is considered. Only then can we discuss our main
subject: prices and technical change. In this chapter (5) rel-
evant pieces from the previous chapters will be summarized and
discussed, that is, as far as the interaction between prices and
technical change is concerned. Finally, we will try to formulate
some over-all cenclusions, and suggestions for supplementary
research (chapter 6).

Serving primarily as a review of relevant literature on this
subject, the choice was made to present the numerous views in a
rather straight fashion. That is to say, next to describing these
views, they are often also substantiated by quotations. Although
this mey hamper the readability, we preferred to convey some
authenticity in this report, as well as to make these descrip-
tions easily verifiable.

Last but not least, we should note that this study is pre-
dominantly concerned with the causes of technical change, rather
than with its effects. The latter would require a separate study,
and the scope of our analysis primarily calls for a quite one-
gsided focusing of our attention on the economic forces behind
technical change.

In addition, it should be noted that this report is above
all a desk study and is intended to form the basis of more de-
tailed empirical research of which some examples will be given in
the final chapter.

15



2. Economic theory and technical change

"To measure is not to understand"
(W.E.G. Salter)

2.1 Introduction

In this chapter we will briefly review the ways irn which the
phenomenon of technical change has been and is being treated by
general economic theory. We will demonstrate the manifold prob-
lems mainstream economic theory has met - and still meets - in
its efforts to cope with the role of changing techniques and
technelogies in economic life. In subsequent chapters we will
concentrate primarily on a distinect field within ecconomic theory,
that is, agricultural econcmics. The very fact, however, of agri-
cultural economics being an applied science, forces us to start
from the general scope of analysis.

2.2 Definitions of techn{olog)ical change

The American economist W.W. Cochrane has used a seemingly

very simple definition of technical or technolegical change. To
him it is,

"..an increase in output per unit of input resulting from a
new organization, or configuration, of inputs where a new
and more productive production function is involved."”
(Cochrane, 1958:46).

This definition may have been quite appropriate for Coch-
rane's purposes - after all he was not very interested in the
exact causes of technical change - but when we concentrate on
what technical change actually signifies, this definition is
rather restricted 1). On reflection, there appears to be a wide
varity of definitions.

1} Among others, Tale, E. Hathaway pointed at the "somewhat
circular" explanations following from this definitien, since
it seems to identify technical change with productivity
growth. In Hathaway's view, conversely, "new technologies"
constitute only one out of several output increasing factors
(such as specialization and economies of scale) (Hathaway,
1963:95). It should be noted however, that Cochrane does not
lump together technical change and productivity change, as
the former will always be expressed in the latter, but not
necessarily the other way around.

16



2.2.1 Technical and technological change

To begin with, technical change cannot be identified com-
pletely with technological change. Usually, technology - literal-
ly the theory of technique - is referred to as "..the body or
stock of techniques, procedures, or ways of ordering ecocnomic ac-
tivity." (Metcalf, 1970:60) Or as "society's pool of knowledge
regarding the industrial arts" (Mansfield, 1968:10). Technique is
commonly defined as "the utilized method of production" (ibi-
dem:11). Thus, technical change can be conceived as the addition
of a technique to the stock of techniques already in use. Technho-
legical change would then refer to changes in the pool of knowl-
edge, or « more limited - in the stock of potentially viable
techniques.

A more precise definition of technical change is suggested
by Binswanger. According to him, it should be defined as:

¥...changes in techniques of production at the firm or in-
dustry level that result both from research and development
and from engineering, or agronomic principles to techniques
of production across a broad spectrum of economic activity.”
(Binswanger and Ruttan, 1978:18/19).

In other words, Binswanger places more emphasis on the ap-
plication of (changed) knowledge. A different and more confusing
set of definitions can be found in De Groof, according te whom
technique is "the collection of ordered partial actions directed
to the production of a good or collection of goods." And technol-
ogy is "all the techniques which are applicable in one way or an-
other." (De Groof, 1977:7; my translation,HR) These two defini-
tions are rather confusing because of their vagueness - for
example "partial actions" and "applicable" - and because they com-
pletely neglect the relevance of increased knowledge. Nonethe-
less, Koolschijn (1970), who claims to use the same definitions
as De Groof, holds the position that "the concept of technical de-
velopment deals at first with the increase of knowledge, that is,
technology" 1).

In conclusion we could say that technical change is to be
understood as the addition (er subtraction) of one or more tech-
niques in relation to the existing ones in use, whereas techno-
logical change refers to changes in the quantity or quality of
potential techniques.

2.2.2 Invention and innovation

A further distinction concerns the issue of invention versus
innovation. According to Roobeek "an invention is the putting in-

1) Cf. Nordhaus (1969:4-7) who extended this definition by
distinguishing between 'general' and 'technical' knowledge.
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to operation cf technical and scientific knowledge, «ix idea for
or an cutline of a new product, process or system" (Roobeek,
1984:16/17; my accentuation and translation, HR).

And Enos defined invention likewise, namely as "..the
earliest conception of the product in substantially its commer-
cial form", and innovation logically as "the first commercial ap-
plication or sale". {Cited in Rosenberg, 1976:70) In this con-
text, innovations are often subdivided into "basic" innovations
and "second-generation" or improvement innovations 1}.

Jacob Schmookler, who has put the economic relevance of in-
ventions to the attention of every economist, defined ("every"™)
invention as "a combination of pre-existing knowledge which sat-
isfies some want" {Schmcokler 1966:10). In his view, innovation
is the act of "making" a certain technical change by a producer.
It was Schumpeter who peinted at the effect of innovation in the-
oretical terms and even defined the concepts in these terms by
calling it:

#..that kind of change arising from within the system which
so displaces its equilibrium point that the new one cannot
be reached from the cld one by infinitessimal steps.”
(Cited in Elster, 1983:100}.

Yet, as Kcolschijn and others stated, it is teo simple to
conceive technical or techneological change as proceeding from in-
vention teo innovation in a linear fashion:

"In some cases it is the other way around. More and more,
the innovation sets the contours for Research and Develop-
ment. That way, 'innovation' breeds 'invention'.™
(Koolschijn, 1970:19;my translation,HR}.

Rosenberg has also criticized this "Schumpetarian heritage".
In his view the rather strict distinction between invention and
innovation resulted in the economist's neglect of the econocmic
importance of the process of invention: whereas innovation is by
definition connected with commercial application, its "origin® is
merely regarded as belonging to the spheres of scientific knowl-

1) Likewise, we can distinguish 'basic' and 'applied' research:
"If basic knowledge is statie, applied research is subject
to the principle of diminishing returns and will eventually
come to a halt as the costs of successive technical innova-
ticns within the existing knowledge boundary rises." (Arndt
and Ruttan, 1977:11).
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edge, not to those of eccnomics (Rosenberg, 1976: chapter 4) 1).
Nevertheless, many authors prefer to use the unilinear conception
as mode of thinking.

Perhaps this controversy is primarily caused by the econ-
omists' inclination to fence in their scientific domain. For
example, Schumpeter's phrase "from within the system" indeed sug-
gests that this system can be defined properly, first and fore-
most through its boundaries. Analogous to this phrase are the
more common terms endogenous and exogenous: both terms presuppose
the existence of systems within or next to (other) systems. In
fact, Rosenberg's comments and those made by others reflect
doubts as to the location or even the relevance of these lines of
demarcation. Wa will return to this matter explicitly in chapter
3, for then primary agriculture will be presented as one of these
"systems",

Leaving aside these definition problems, we should also
point at a further breakdown of innovation into several types.
Whereas the distinction between product and process innovations
will be dealt with at more length in chapter 3, we will limit
ourselves to the popular antipodes radical (or basic) and in-
cremental innovations (Coombs et al, 1987:5). Radical innovations
by definition imply some sort of break-through with regard to the
existing assortment of consumer goods or the existing techniques
and methods of production. Incremental innovations are often much
less tangible and mostly come down to improvements upon current
techniques, methods or products. It obviously is quite arbitrary
to determine in which of these categories an innovation is to be
located.

2.2.3 The shift-thesis

A final confusion with respect to definition matters con-
cerns the often made identification of technological change with
a shift of the production function. See for instance Cochrane's
definition at the beginning of this chapter. Ruttan similarly
proposed to define technological change in terms of a movement of
the production funection, i.e., as:

"..changes in the coefficients of a function relating inputs
to outputs resulting from the practical application of inno-

1) To which Rosenberg added that this practice also has led to
pooch-poch the economic importance of engineering activities
and - in general -~ modificationa of inventions (Ibidem:
66-67). See for example Snodgrass and Wallace (1975:122),
who boldly stated that ".,invention is only the scientific
fact - innovations the economic fact that determines which
inventions are used and which are not",

19



vations in technology and in economic organization.”
{Ruttan, 1959:606) 1).

With this definition he merely specified Schumpeter's con-
tention that because it may be impossible to decompose technical
change in "infinitessimal™ steps, one can regard any shift of the
production functicn as an expression of technical change. A typi-
cal graphic expression of the shift-thesis is presented in figure
2.1, where the shifting of the original isoquant I tc point C im-
plies neutral technical change in the sense that it is not accom-
panied by a changed capital/labour ratio. A shift inward to point
A or point B signifies non-neutral technical change: labour-
saving in the first, and capital-saving in the second case.

Labour

Capital

Figure 2.1 An illustration of the shift-thesis
Source: Link {1987:9).

Among others, Heertje (1973) criticized this practice be-
cause of its constraints: the shift-thesis can only be applied to
changes of (parameters of) the old production function, not to
the creation of a completely new production function:

"Generally, the extension of technical knowledge and the
creation of new technical possibilities, cannot be pushed
into the shackles of a shifting production function."”
(Ibidem:168/169;my translation,HR).

1) Cf. M. Brown (1966/39).
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Or, in more practical terms, technical change might involve
a completely new set of both inputs and outputs, reason why any
comparison between the old and the new situation in terms of a
shifting production function is seriously obscured. In less ex-
treme cases, the problem arises as to whether and to what extent
the new situation is the result of a new choice of existing tech-
niques (a movement along the curve) or of a change in the number
and quality of available techniques (a shift of the curve). As
Kaldor has stated:

"The rate of the shift of the curve will itself depend on
the speed of the movement along the curve, which makes any
attempt to isoclate the one from the other the more nonsensi-
cal.”

(Cited in Koolschijn, 1970:23).

For instance, the intensification of the use of a certain
factor, may consist of both "pure" factor substitution and of
"pure" intensification 1).

T.W. Schultz (1964) is also one of the authors who criti-
cized the mere identification of a shifting production function
with technical change as an overaimplified treatment of technical
change. This would, in his view, boil down to looking upon tech-
nical change as having nothing to do with economic processes,
since the causes of the shifting itself, contrary to the "move-
ment along", can be ignored without doing any harm to the line of
reasoning. We only need to refer to figure 2.1 to show his point:
the shifting of the curves is something that just "happens" to
the economy or the firm and the mere economic content of this
event is that it affects the use of production factors 2).

1) Pasinetti: "When we come to actual observations, compari-
sons become somewhat mor restricted, because what we can
observe are not entire production functions but only actual
combinations of factors. In the traditional framework this
means we have no unique way of distinguishing between a
change of the production function and a movement along the
same production function." (Pasinetti, 1959:271-272).

2) Cf. Amendola and Gaffard (1988:21): "Technical change (...)
has the nature of a quantitative adjustment, and is brought
about by a simple and analytically instantaneous shift of
resources which makes it possible to define automatically
the new productive capacity to be compared with the old one,
characterized by a different combination of the same re-
sources."
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2.2.4 A formal recapitulaticen

As becomes clear already at the stage of definitions, tech-
nological or technical change turns out to be a tricky subject
for theoretical treatment. Most of the ccncepts and conceptions
involved appear to be closely related to each other. For the sake
of convenience, we have constructed a small scheme in which some
options for definitions and implications are presented (figure
2.2).

Option: 1 2 3 4
Change in:
Pool of knowledge? NO NO YES YES
Utilized method of
producticon? 1) YES NO NO YES
Inventicon - - + +
Innovation + - - +
Technological change - - + +
Technical change + - - +

Figure 2.2 Options for definitions

Thus, when the pool of knowledge remains the same and there
is only a change in the method of production (eption i), inven-
tions - by definition - cannot take place, and we cannot speak of
technological change. Inncvations and technical change, though,
may occur. The second coption is of no interest here: none of the
four definitions apply. The third opticn obvicusly is the reverse
of the first, while the fourth covers all definitions. Evidently,
this scheme assumes a certain span of time in which changes take
place: option 4 will require a greater span of time, whereas the
other two relevant options will probably apply to the more short-
term situations. A similar remark can be made with regard tc the
relevant geographical area. But there are more reasons to put the
validity of this scheme in the right perspective. For instance,
the assessment of whether knowledge has changed substantially
enough to grant the label technological change, will often be
very arbitrary 2). Furthermore, this set of definitions assumes

1) Uhlin (1%85:75) supgested the respective terms 'state of
art' versus 'state of use'.

2) For that reason Nordhaus (1969:65 -a.f.) distinguished be-
tween "new knowledge" (i.e., "true discovery of knowledge
not previously in society's knowledge pool") and "redundant
knowledge" (i.e., "the uncovering of what is already so-
ciety’'s knowledge pool").
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that inventions can only take place when technical knowledge or
- in the literal meaning - technology has changed. In view of
the definitions given earlier, this need not be the case.

Notwithstanding these comments, a general line of thinking
can be developed. Thus, we can conclude by stating that in prin-
ciple, with reference to figure 2.2, (1) technological change and
invention precede technical change and innovation, and (2) tech-
nical change tends to alter the existing relations of input teo
output as well as the structure of input to such an extent that a
completely new set of productive determinants emerges.

Hereby we join the perception of Myers and Marquis, who pic-
tured the process of innovation in the following, albeit rather
uni-linear, fashion: '

Gurrent State of Tachnical Knowiedge
Semrch Use
Tochnical Saarch
Ressarch and
Development
Recognition Activity
Fusion into g Bolul Implemantation ——> Diftusion
v ¥ @nvention} and Use
{idam) fr— f—tp Diftmion
Fowntial Intormation
Demand Foadiy
Recognilon Avellable
Thne
e et el
Current Economic and Soclel Usization

Rocogniion g ides Formmuiation ——egs.  Problem Soving —eeeie: SOUBON e LIIZSION  —reeeee-  DUSION

Figure 2.3 Elements of the innovative process
Source: L.A. Brown, 1981.

Obviously, some conceptual flexibility seems a conditio sine
qua non for any fruitful treatment of our subject. In the follow-
ing we will -~ except when stated otherwise - define both techni-
¢al and technological change as the becoming avajilable of new
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techniques and methods of production. Thereby we assume that a
change in the pool of knowledge is likely to ultimately lead to
its implementation in the form of applied new techniques and
metheds of production, although a large percentage of all ianven-
tions and even of innovations will never reach the stage of suc-
cessful commercial maturity. This enables us to use the term
"technical change" as a common denominator 1).

2.3 Technical change: from manna from heaven to subject of
research

Although the influence of both technological and technical
change on economic performances has become more and more import-
ant over the years, the attention it has received in economic
science does not seem toc reflect this trend. Far into the 20th
century, technical change was considered as exogenous to the
economic system. That is to say, according to the most common ap-
proach as laid down, e.g., in the mainstream handbocks on econo-
mic theory, technical change was cften - and sometimes still is -
presented as an external affair.

In this paragraph we will try to give a very short outline
of the history of economic thinking on technical change. Firstly,
we will deal with some "classics" of which Schumpeter is the last
in line. Next, when dealing with the degree of endogeneity of
technical change, we will pay attention to some more modern ap-
proaches.

2.3.1 A short history of economic thecry: classical economists

Many outstanding economists of the eighteenth and nireteenth
century emphasized the vital contributions of augmenting knowl-
edge and skills to the productive capacity of an economy. Thus,
one of the founders of classical political economy, Adam Smith
(1979) stressed the importance of division of labour through con-
tinuous specialization, not only at the micro-econcmic level, but
also in sectoral and geographical terms 2).

By means of his famous example of the production of pins,
Smith illustrated his view on the necessity of an extended divi-
sion of labour:

¥..a workman not educated to this business (..), not
acquainted with the use of the machinery employed in it (to

1) Among others, Peterson and Hayami (1977:500) employed the
same approach.

2) Pavitt (1985:371), while dealing with 'sectoral patterns of
technical change' even sighs: "Perhaps (Adam Smith's) is a
tradition to which we should return."”
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the invention of which the same division of labour has prob-
ably given occasion), could scarce (..) make one pin a day,
and certainly could not make twenty. But in the way in which
this business is now carried on, not only the whole work is
& peculiar trade, but It is divided Into a number of
branches, of which the greater part are likewise peculiar
trades.”

(Smith, 1979:110; my accentuation, HR).

As we can deduce from this passage, the attractive feature
of Smith's theory is that he conceived technical change primarily
as organizational improvements, rather than as new capital goods
or new techniques per se l}. For it is only in the presence of
{(enhanced) division of labour, that labour productivity can be
increased through higher skills, time-gzaving, and "the invention
of a great number of machines which facilitate and abridge la-
bour, and enable one man to do the work of many" (Ibidem: 112-
114).

Interestingly enough, Smith made a point of the differences
between agriculture and manufacturing. That is, hecause of the
limited possibilities of division of labour in agriculture, he
considered technical change in agriculture to be limited: labour
productivity - or, in Smith's terms, the “productive powers of
labour" - would not rise as fast as in industry. Smith added to
this argument that the degree of labour specialization is deter-
mined by the size of the market. Thus, because of the lower in-
come elasticity of agricultural relative to industrial products,
specialization in agriculture is also limited by the market.

The works of David Ricardo attract our attention because of
the many passages on (the introduction of) machines in the labour
process. In the chapter On Machinery of his "Principles", Ricardo
wrote:

Machinery and labour are in constant competition, and the
former can frequently not be employed until (the cost of;HR)
labour rises."

(Cited in Heartje, 1973:20).

Two propositions can be derived from this short passage.
First, the proposition which has later become known as the
"Ricardo effect", stating that, at a given state of technique,
changing price relations between capital and labour (for example
labour becoming expensive relative to machinery) will give rise

1) Cf. Deane, who stated: : ".. in Smith's theory techical prog-
ress was associated not primarily with new machinery, or new
procesges, or new products, but with the improvements in the
organization and equipment of the labour force due to spe-
cialization.* {(Deane, 1978:12).
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to a substitution of the one factor by the other (for example
machines replacing or saving manpower) 1).

Secondly, in the above menticned framework, "new" or in any
case "better" machines serve as an important weapon in the ever
present competition.

More than Smith and Ricardo, Marx has centered technical
change in his analyses of economic evolution 2). In the various
volumes of Capital, Marx discusses at length beth the origins and
the effects of the "revolutionizing forces" of the capitalist
mode of production. Technical change, according to Marx, is part
of the inherent social tension of this historical mode of produc-
tion: within this setting, technical change provides catalyzing
and accelerating influences as well. Marx's following famous
statement summarizes his view in a nutshell:

"At a certain stage of development, the material productive
forces of society come into conflict with the existing rela-
tions of production, or - what is but a legal expression for
the same thing - with the property relations within the
framework of which they have operated hitherto. From forms
of development of the productive forces these relations turn
into their fetters. Then begins an era of social revolution.
With the change of the economic foundation the entire im-
mense superstructure is more or less rapidly transformed.”
(Marx in the Preface to his "Contributions to the critique
of political econcomy").

Like Smith, Marx considered the divisicn of labour to be
crucial to the development of the "productive forces". But he at-
tributed more importance to the production process, for in Marx's
view it is in the production process that surplus value is being
created; not in the market or through market processes. The role
cf technical change in the production process lies primarily in
its creating of "surplus labour" 3), a characteristic which ap-
plies not only to the individual firm but alse to capitalist so-
cieties at large, for one of its effects is the permanent resur-
gence of a relative surplus-population. This way, Marx considered
technical change to be one of the main mechanisms or instruments
through which the structure of employment and econcmic sectors
evolve over time. As to the eorigins of technical change, i.e.,
the "production” of new techniques, Marx emphasized the role of
science, but he considered science - simply put - as a "serving-

1) Heertje (1973:21): "The demand for labour rises along with
the increase of capital, but less than proportionally". (My
translation, HR).

2) Cf. Nathan Rosenberg {1982), and Heertje (1973).

3 ".. a smaller quantity of labour sets a larger quantity of
capital in motion." (Marx, 1981:389).
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hatch" for the needs of the capitalist socciety; needs, or de-
mands, which should be viewed in the light of (the solving of)
contradictions or at least tensions within the economy.

In spite of Marx's fruitful - and controversial - views, the
writings of the twentieth century economist Schumpeter have had
more influence on the way in which technical change was to be
treated in mainstream economic theory. In this respect, his con-
cept of entrepreneurship is vital, for Schumpeter's entrepreneur
is the one who carries out innovations, while possessing “"more
than normal economic talents" (Roobeek, 1984:17) 1). According to
Schumpeter, innovations can exist in five different shapes:

(1)} The introduction of a new good (..) or of a new gquality

of a good;

"(2) The introduction of a new method of production (..);
(3) The opening {and/or entering;HR) of a new market {..);
(4) The conquest of a new source of supply of raw materials

or half-manufactured goods (..);

(5) The carrying out of a new organisation of any industry,
like the creation of a monopoly position (..) or the
breaking up of a monopoly position.”

(Cited in Elster, 1983:116).

With regard to these five points Kennedy and Thirlwall
(1972) comment that new products change the distribution of de-
mand and affect growth (the latter through the rate of invest-
ment), that new processes give rise to new production functions,
and that the latter three types of innovation can change the ef-
ficiency with which resources are employed. (Ibidem:56) In the
same vein we could say that the first and the third typs of inno-
vations concern the demand-side of economic activities, whereas
the other types concern the supply-side.

These five types of innovation constitute, in Schumpeter's
words again, the "fundamental impulse that =ets and keeps the
capitalist engine in motion" (Cited in Heertje, 1973:120). Later
on, Schumpeter highlighted the role of big firms and research
institutes, rather than that of the entrepreneur.

In a more theoretical perspective, Schumpeter's stress on
the "spontaneous and discontinuous"™ character of technical change

1) Cf. Rosenberg (1982:106): "The Schumpetarian entrepreneur is
a distinctly heroic figure, prepared {(unlike most mortals)
to venture forth boldly into the unknown. His decisions are
not the outcome of precise and careful calculation, and,
‘Schumpeter emphasized, cannot be reduced to such terms." And
Elster (1983:117) on the Schumpetarian entrepreneurial mo-
tives: ".. the dream and the will to found a kingdom; the
will to conguer (..); and the joy of creating, of getting
things done".
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is perhaps his important contribution. In Schumpeter's wvision,
technical change proceeds through "neue Kombinationen”, that is,
new combinations of factors of preduction which together form
completely new production functions. Moreover, innovations do not
only take place by means of new combinations, but in clusters as
well; once a few firms have taken the first innovative steps (and
when these appear to be sugcessful), a greater number of firms
follow because the original innovation has been imitated, im-
proved upon and/or accommodated to specific circumstances. (Roo-
beek, 1987:26-27) The discontinuous character of technical change
is primarily due to this clustering of innovations, since - as
Schumpeter contended - isolated improvements not only occcur sel-
dom, but also tend to contribute far less to the productive per-
formances of an industry or economy. These propositions serve as
the basis for Schumpeter's views on economic growth in general
and economic cycles in particular, subjects which have been
linked to technical change by many authors before and after
Schumpeter, albeit not always as thoroughly.

2.3.2 From classical to necclassical eccnomic theory

Schumpeter's views in fact contained a sharp criticism on
the mainstream economic theory of his days, the so-called neo-
classical theory. Schumpeter criticized the stress on equilibrium
and he also stressed the utmost importance of the phenomenon
which most "neoclassics" considered to be at best interesting,
put in the end of a non-economic nature: technical change.

Neoclassical theory, the beginning of which can be dated as
far back as to the second half of the 19th century, has been re-
vised and corrected to meet criticisms like Schumpeter's several
times. Major changes within the thecretical framework, however,
occurred only after the thirties of this century. Since then,
neoclassical theory has become the neoclassical "synthesis", in-
dicating the incorporation of - amongst others - Keynes's ideas
1). In the following chapters, we wiil deal with the era after
roughly 1945, but before doing so, it seems appropriate to give a
broad sketch of four troublesome aspects of the treatment of
technical change by neoclassical theorists.

Firstly, neoclassical theory had thus far been struggling
with the incorporation of dynamic elements. In essence it was a
theory about the state of economic life, rather than about its
process. As a consequence, technical change was left out of the
picture. Only the problem of cheoosing between available tech-
niques - and consequently the movement along the production
function through factor substitution - was regarded as an econ-
omic matter. With others, Schumpeter can be credited feor the re-
visions that have later on taken place in this respect.

1) See for example Harris (1978) and Cole et al (1983).
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Secondly, technique or technology nevertheless served as a
"major factor in explaining the distribution of income among econ-
omic factors, since the marginal productivity of factors of pro-
duction was considered to be the main determinant of their
pricesa. So, through productivity, technical change came into the
plcture after all, be it through the backdoor. Neoclasgical
analysis usually circumvented this problem by formally departing
from both given income distribution and absence of technical
change.

Thirdly, J.R. Hicks paved the way for a considerable body of
research by economigts on the direction of technical change. The
following phrase by Hicks on this subject has become famous:

"4 change In the relative prices of factors of production is
itgelf a spur to Invention, and to invention of a particular
kind, directed to economising the use of & factor which has
becoms relstively more expensive.”

(Cited in Elster, 1983:101)

Hicks's view clearly represents a firm plea iIn favour of the
existence of at least a certain degree of endogenous technical
change. Although this proposition has been criticized - to which
we will return later on - it is still at the heart of present-day
mainstream theories on technical change.

Fourthly, there still remains a thecretical void as far as
the explanation of the rate of technical change is concerned.
Many studies confine themselves to measuring technical change
- both its direction and rate - as adequately as possible. Ob-
viously though, as Salter has stated, to measure is not to ex-
plain. Furthermore, as these attempts encountered numercus con-
ceptual and statistical difficulties, it is no surprise that many
authors heaved the sigh that technical change still belongs to
the realm of the *black box". For example, Kennedy and Thirlwall
stated in 1972:

"The best that can be done 1 to measure technical change by
its effects, such as its impact on the growth of national
income, or on the growth of factor productivity not ac-
countead for by other inputs, leaving technical change as a
residual.”

{Kennedy and Thirlwall, 1972:13) 1).

1) Cf. Freeman (1977:244): "The growth models of the 1950's and
the 1960's did at least have the merit of attempting to es-
cape from the blind alley of atatic equilibrium analysis,
but like the rest of neoclassical economics they suffered
from a failure to get grips with the actual process of
sclence, invention, innovation and technical change."
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As a rule, these measurements were based on the formal equa-
tions which criginated primarily from Cobb and Douglas's theory
of production, stemming from 1928. These and other efforts to
measure technical change will be the subject of the next para-
graph.

2.4 Modern (economic) theories of technical change

The econcmist Binswanger argued that a theory of endogenous
technical change should provide an answer to the question: "How
do ecconomic variables affect the nature of technical change?” Ob-
viously, stated this way, such a theory would be rather limited
in its scope. For, as we have seen above, it is not only the na-
ture or direction, but the rate of technical change which calls
for an explanation as well. In "Induced Innovations", the book of
which Binswanger is one of the editors, most attention is given
to measurement (of direction and rate), and as far as explaining
is concerned the nature of technical change indeed has been given
pricrity. Apparently, we have to deal with four fields of re-
search which in fact have been, or at least could be treated sep-
arately:

(A) Measuring and

(B) Explaining the

(C) Rate and

(D) Direction of technical change 1)

These four fields, however, are closely interrelated. As we
have seen, the distinction between measuring and explaining has
to be somewhat blurred because of the conceptual problems in-
volved. Moreover, the rate cof technical change, for example, is
determined by the extent to which new techniques remove bottle-~
necks, whereas the nature of technical change reveals the types
of bottlenecks and the way these are removed. In other words, a
form of technical change which has the exclusive characteristic
of saving on labour (-costs) may not be adopted rapidly by entre-
preneurs when labour supply is abundant or when the price of la-
bour is not expected to increase in the near future. Thus, there
may exist a close relationship between the rate and the direction
of technical change 2).

In the following paragraphs we will discuss some apprcaches
to the measurement and explanation of the rate and direction of
technical change. Before anything else though, we should dwell

1) In chapter 2.4 we will add a fifth field of research: the
diffusion ¢f innovations.

2) Cf. Salter (1969:13): ".,. factor prices change slowly but
continuously through time, and this alone is sufficient to
produce a constant stream of new techniques of production."
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on the use of the term "productivity change", which will be used
very frequently. First of all, whereas technical change can al-
ways be expressed in terms of changed preductivity achievements,
the latter is not necessarily caused exclusively by the former.
In fact, this confronts productivity measurements with a serious
problem in as far as these are meant to shed some light on the
role played by technical change. We will deal with this later en.
Secondly, as far as productivity change expresses technical
change (and consequently the first is used as denominator for the
second), it is important to chose the proper type of productivity
figures. Generally speaking, partial productivity figures, for
example labour productivity, are inferior to those on total fac-
tor productivity 1).

2.4,1 Production theory 2)

In the course of time, the common notion of "the state of
technique®, as being an extra-economic feature, encountered more
and more criticism. This evolution can be illustrated by the de-
velopments within "production theory", that is, in the trasatment
of technical change in relation to productien functions. Gener-
ally speaking, production functionas are a formal representation
of technical relationships within, or possibilities of the pro-
duction process under given economic circumstances. It thus re-
presents the state of tachnology in an entrepreneurial world;
profit-maximizers are supposed to have full knowledge of the set
of available (and optimal) techniquea, and to be capable of
switching from technique A to technique B whenever (changes in)
factor-price relations urge them to do so. In case these economic
conditions change, the technical characteristics may change
along, but nevertheless remain the primary feature of the produc-
tion function 3). Amendola and Gaffard (1988:2) presented a very
neat description of this aspect ¢of production theory:

*Different techniques can (..) be classified and compared on
the basgls of given criteria, and the problem of the choice
of the technigue can be structured as a typlcal maxrimization
process in a context in which the cholce set is given and
the outcomes of the choices are known. The solution Is ob-
vious: once a technique has been defined as superior accord-

1) See e.g. Van den Noort (1970).

2) See also Lave (1966), Brown (1966), Heertje (1973), Nadiri
(1970), Kennedy and Thirlwall (1972), and Link (1987).

3 In addition, we should note that in principle no thecretical
distinction is made between the processes on the miere level
(the firm), the meso level (the sector) and the macro level
(the (inter-)national economy), that is, as far ag analysis
is concerned (Cf. Heertje, 1973).
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ing to some criterion (e.g. a higher profit rate for a given
wage rate) it is automatically selected, and the only prob-
lem for the economy is then teo adjust its productive capac-
ity to it. In some models (the majority), the adjustment is
not even considered, and there is a jump directly to the
description of the new shape of the productive capacity; in
other (more recent ones) the adjustment is considered, main-
ly in the sense that there is an attempt to find the condi-
tions required for convergence on the new position.”

The most frequently used mathematical version of the produc-
tion function, is the one developed by Cobb and Douglas. It re-
lates output tec input of labour and capital in the following
manner:

Q=acb.pl-b,

stating linear homogeneity, or, in other words, constant returns
to scale., (Where Q stands for the volume of output, C and L for
capital and labour respectively (in physical quantities); a is a
constant, and b is a coefficient)

This formulation made it possible to get to grips with the
contribution of capital and labour to economic growth. This is
somet imes called the "factor-shares™ method of growth accounting
(Kennedy and Thirlwall, 1972:17). However, many computations
based on this formula left a considerable part of economic growth
unexplained. And it was Solow, who, "..with a magnificent wave of
his hand" (Lave, 1966:4), dubbed this "unexplained residual”
technical change! 1). Thereupon this unexplained residual has
been inserted in the formula, thus becoming,

Q'TE(C,L) 2):

in which T is a parameter for disembodied technical change, that
is, the implementation of new techniques and methods of produc-
tion that cannot be accounted for by changes in capital and la-
bour.

Although empirical testing of production theory started in
the thirties, it was only after roughly 1945 that these technol-

1) Freeman {(1977:244): ".. it was a rag-bag for social, mana-
gerial, structural, educational, political, psycheclogical
and technological changes other than the purely quantitative
increases in the volume of labor (..) or the volume of capi-
tal (..)".

2) See Matyas (1980), and Van den Noort (1965). Brown
(1966:39): "Technical changes find expression in variations
in the parameters of the production funetion (..). Each
parameter has a particular significance so that their
changes represent different types of technical progress."”
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ogy-inserted functions were tested at more aggregate levels.
These latter estimates yielded rates of technical change ranging
from 1.1% to 1.7% per year (for the U.S. economy between approxi-
mately 1850-1950). However,

", .what really set the field alight were the findings of
Fabricant, Abromowitz and Solow that between 80X and 90X of
the growth of output per head in the American economy over
the previocus decades could not be accounted for by increases
in capital per head and must therefore be due to some form
of technical progress.”

{Kennedy and Thirlwall, 1972:17)

These growth accounting procedures encountered considerable
doubts. Some argued for a more thorough unraveling of this pecu-
liar phenomenon called technical change. Others, especially Jor-
genson and Griliches (1972), argued that all these computations
crudely overestimated technical change and that in fact adequate
measurement of inputs would hardly leave any room at all for
technical change.

Another line of thought was to treat "non-conventional" in-
puts as a separate variable, thereby accounting for the fact that
changes in the quality of inputs (as being a main source of
growth) are not "free gifts from nature", but have to be produced
and effectuated somehow. We could think of activities like re-
search and development, education and extension (Peterson and
Hayami, 1977:516).

The whole dispute obviously boils down to the articulation
of technical change, that is to say, the uncovering of its main
elements. The contributions to the debate made by Jorgenson and
Griliches are illustrative in this respect, because they tried to
account for productivity growth as rigorously as possible from
the point of view of production theory. Much earlier, Griliches
(1963:331) had already stated that,

"The whole concept of the production ‘function' is not very
helpful If it is not a stable function, if there are very
large unexplained shifts in it. Moreover, it does not fur-
ther our understanding of growth to label the unexplained
residual changes in output as ‘technical change'."”

Elaboration of this opinion led Jorgenscon and Griliches

(1972) to hypothesize that "if real product and real factor imput
are accurately accounted for, the observed growth in total factor
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productivity is negligible” 1). They used the "conventional" defi-
nition eof Total Factor Productivity change, namely changes in

real cutput divided by changes in real total input. In line with
this appreoach, a change in total factor productivity should re-
flect a shift of the production function, whereas a movement

along the production function is reflected by changes in output
and factor input without a change in total factor productivity
taking place (Ibidem:250).

And indeed, the final cutcome of their computations for the
US private domestic economy from 1945 to 1965 left room for a
change in total factor productivity of only 0.1% per year. By
contrast, the "unadjusted" measurements claimed l,6%. Jorgenson
and Grilickes consequently concluded that movements along the
curve have by far surpassed shifts of the curve.

In paragraph 2.2.3 we have already mentioned that Kaldor
considered this to be a "nonsensical® approach and that he even
refected the production function as a tocl in growth analysis,
Koolschijn (1670:22 a.f.) summarized his objections as follows:

1. The application of new knowledge in the production pro-
cess is heavily intertwined with the putting into pro-
duction of new capital goods. For example, increasing
capital intensity may imply the use of new knowledge
concurrently, which renders it impossible to isolate the
"movement-"effect of the first from the "shift-"effect
of the latter; 2)

2. The stock of capital which is available at a certain
point in time reflects the extreme differentiation in
time of investments. In other words, becazuse of the con-
stant accumulation of capital, there is ne such thing as
a stationary long-run equilibrium, although the curve
is made up of points which presuppose this eguilibrium
to exist, or at least to come into existence. Conse-
quently, we cannot speak of movements along, but of
movements within the curve (of optima).

1} Cf. Nadiri {1970:1150): "In principle, if all things are
properly measured and the function governing their inter-
actions is properly specified, then the residual (..) should
be zZero or nearly so." See also Walters (1963:27). All these
statements are, of course, true by definition. Mansfield
(1968:33) counteracted: "One can always ‘'explain' changes in
output by changes in input (appropriately measured), but
many of these changes in input must themselves be attributed
to technological change. It is true, however, that technol-
ogical advance is due in some part at least to inputs in-
vested in advanced technology.®

2) Cf. Rosenberg (1976:64), who adds to this: "Today's factor
substitution possibilities (..), are the product of yester-
day's technelogical explorations.®
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