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1. INTRODUCTION

Recent research into long waves has produced a great deal of useful
theoretical and empirical material which may contribute to a process
of synthesis. The general tendency of the research has been to move
away from rigid, determinist explanations of long waves, and to in-
corporate a wide variety of irteracting variables into multi-causal
models. These variables fall into three very broad headings. First,
there are the 'economic' variables such as rates of change of produec-
tivity, profit, growth, employment, et¢. 4Analysis of these parameters
at both aggregate and disaggregate levels is proving very useful,
(Freeman et al,, 1982; Van Duijnm, 1983). Secondly, there are the
'institutional' variables, such as legal and political stimuli arnd
constraints relating to labour markets and company practive; regional
variations in the basic economic processes of the long wave; changes in
international currency and trade institutions, etc. (Gordon,Edwards and
Reich, 1982). Finally, there are the technological variables, such as
wamber, type, and frequency of innovations, inventions and patents;
and diffusion data on particular innovations or groups of innovations,
(Freeman et al, 1982; Mensch, 1975; Kleinknecht, 1981).

¥
The assembly of these three groups of variables into a coherent explana-
tion of the long wave phenomenon is still a long way off. So far, the

lower turning point of the waveis still proving the most difficult and

the most crucial part of the problem, and we do not address this topic

in this paper. In general, more progress has been made in explanations
of what happens once a long boom has started, and as it progresses to

a long depression. However, data to test these explanations is still
sparse.

There is then a pressing need for more empirical work on the technieal,
economic and institutiomal aspects of long waves in order to test the
vatiety of competing theoretical accounts. Such empirical work must

of necessity proceed slowly from one part of the problem to another and
s0 on. In thid paper, we make no apelogy for concentrating only on the
technological wvariables, and in particular om innovation data. Due to
the time period of our data, we concentrate on the post war upswing. The
analysis does have some implications for the lower turning point however,

and these are discussed in the conclusion.



The problems with the analysis of technological variables are both
empirical amd theoretical. Statistics are hard to obtain and in-
variably peoorly suited to the task at hand. Despite considerable
discussion, there is still no consensus on whether to concentrate

on inmovations or on diffusion processes., These difficulties have

been usefully summarised by Freeman, Soete and Townsend (1982). Never-
theless, there is one proposition concerning the role of techmical
change during the long wave which is now the subject of some agreement,
namely that there is 2 shift in emphasis from product change to process
change as the wave progresses, This shift is related to the process of
maturation of new industries which grow with the long wave upswing. It is
also related to the dynamics of the labour market during the long wave.
This possibility is examined by Freeman et al. (1982) who suggest

that labour shortages in the upswing may contribute to the pressures

to mechanise. It is also consistent with the diffusion data and argu-

ments concerning automation {(see Mandel, 1975, and Coombs, 1983).

Empirical evidence on a shift from product to process innovation has
been reported for the case of a single industry several times. Freeman
et al, (1963) reported this for the chemical industry, and Abernathy
and Utterback (1975) have incorporated the idea into their model of
industrial development. WMore recently, Mensch (§976) has spoken of a
shift from 'expansionary' to 'rationalising' innovations as the long
wave progresses. Freeman, Soete and Townsend (1982) believe that their
own data, and that of Kleinknecht (1981) show the shift even more
clearly.

.

In this paper, we use a new set of data (see below for description of
sources) to test this proposition more rigorously for the period 1933
to 1973. There are three major differences between the analysis in

this paper and that in the previous attempts to test this hypothesis.

1. As Preeman, Soete and Townsend have noted, the classification of
innovations as product or process presents many difficulties. A

new method of classification is described in section 3.



2. Previous tests have been at a high level of aggregation, which may
have obscured some information. In this paper we conduct the
analysis first for the entire sample, which covers the whols of
industry, and then for a sub-group of the most innovative and most
rapidly growing industries. The results are quite different.

3. There must be some doubt about the stafistical significance of the
shifts reported in previous work. Far example in the paper by
Freeman et al (1982) the shift in the share of process innovation
of around 7% between the 50s and the 60s is based on a total sample
for the two decades of only 85. The sample used in this paper is 500
for a similar period. It is therefore possible to assign the
innovations to sindividual years and analyse the significance of any
shift by simple regression.

The paper is organisec as follows. Section 2 describes the data and their
origin., Section 3 describes the classification scheme used. Section 4
presents the results of the classifications and the regressions. Section
5 discusses the implications of the results.

2. The Data

The data are taken from a report prepared for the United States National
Science Foundation by the Gellman Research Associates (1976). The aim of

this work was to collect a sample of 500 product and process.innovations that
embody significant technological change. The sample was restricted to
inﬁouations that were successfully introduced into the market during the
period 1953 to 1973 {inclusive) in & Western countries®., It was the intention
of the authors to cover innovatiocns from a broad spectrum of the economy.

The sampling process started with compilation of a prelimimary list of 1160

innovationsobtained by a survey of trade literature published from 1953 to
1973.
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*The six countries are: the USA (83% of the sample cases), the United
Kingdom (17%), the Federal Republic of Germany {(7%), Japan (7%), France
(4%), and Canada (2%).



The selection of innovations to be included within the final sample of 500
cases was performed by an international panel of 7 experts. These panelists
vere encouraged £o suggest any innovations for possible later inclusion
which were not on the original list of 1160 innovations. The panelists
suggested some 150 additional innovations. The resulting list of 1310
innovations was submitted to each of the panelists for rankingﬁbyTﬁgggrgﬁ%ce
innovations that received the highest ranks were then subject to further
investigation to ascertain dates, origins etc. ‘

The reconstruction of historical innovation data is a task with many
difficulites and ambiguities. Ffor instance, it is very hard to say how far
the selection of innovation data from a literature survey imparts any bias,

and it ;s not possible to judce the reliability of the decisions made by the
panel of experts,

A sample of 500 innovations over a 2) year period is nevertheless a
significart improvement on what has previcusly been available. Its
randomness is certainly not worse than other samples and its size is

an improvement on existing data.
Therefore, we assume that the 'Gellman sample' is a useful data base

for examining major patterns of technological inmovation on an
international level during the period 1533 to 1973,

3. Classification principles

The. objective of a classification scheme is to separate innovations that
create new products or services from those that are aimed at producing
the existing set of products and services in a more efficient way.
However, as has recently been pointed out by Freeman, Townsend and Soete
(1982), such.a seemingly simple task is infact very difficult. Besides
the problem of how to deal with those cases that are somewhere between
pure product innovations on te one hand and purely rationalizing
innovations on the other hénd, the standpoint of the observer is of

some importance. From the perspective of an investment good producer a
new NC machine is a product innovation that may even increase employment
in his firm, whereas for the final user, the NC machine is a labour-saving
Process iﬁnouation. An auytombobile is an investment good if used for
business purposes and it becomes a consumer good if used for private
leisure. It should be clear that for the purpose of long wave analysis

it is not very helpful to take the perspective of individual enterprises.



Rather we have to assess the place and function of a certain imnovation
within the macroeconomic production system; i.e. we have to take a macro-

economic viewpoint.

One approach would be to simply separate innovations introduced by
investment gosds producers and innovations introduced by consumer goods
industries. As a third and fourth category we would have to leave out
innovations coming from basic materials & extraction industries that
produce ihputs for both consumer and investment goods industries, and
innovations from sectors outside of manufacturing industry (trade,
transportation, government institutions, etc) whose role is still obscure
in a long wave context. Although such a classification procedure relieves
us from judgements about the character of individual innovation cases, it

leaves us with several problems. First of all, it is by no means surs
that investment goods industries only innovate new investment goods (i.e.

process innovations,) or that consumer goods producers only concentrate on
innovating new final consumer products. Secondly, separation between
investment goods and consumer goods producers is not always that clear;
often the same enterprise is engaged in both types of production, and
statisticians have to make pragmatic judgements about how to group it.

Nonetheless, this "sector-of-origin" approach might yield some indication

of how the relative innovative dynamics of consumer and investment goods
industries develop over time. According t{o the hypothesis as outlined

in the introduction, we would expect the investment goods producers to have a
rising share over time of innovations in the sample and the consumer goods
industries to have an opposite trend.

In order to avoid the potential errors of the "sector of origin” appreoach
ve have developed a scheme within which to classify each innovation
individually, This contains a number of cateqories which are shown in

Figure 1 and described below, with some examples for each case.

Firstly, there are the non-controversial cases of pure product innovations
(P) such as colour TV, and pure process innovations (I) such as continuous
casting of steel. Difficulties begin to appear with autombile related
innovations (seat belts, power steering, disc brakes or electronic ignition)

since autombiles are also used for commercial purposes.



Nonetheless, we decided to classify them as product innovations arguing
that cars are mainly used as private consumer goods. But what about
'computerised real estate marketing' or 'computerized passenger
reservations for airplanes'? There is certainly an element of cost-
reduction, but at the same time, these systems are likely to offer new

or improved services to consumers. The same is true of such cases as the
'world's first commercial jet aircraft’, 'weather satellites' or an
'electron bombardment process to sterilize food and drugs'. None of these
examples is a final consumer good. Nonetheless their main impact is
providing new or improved products or services to final consumers. Since
this type of innovation was quite frequently to be found in the sample,
ve decided to classify them as a separate class: investment goods aimed
at providing new or improved products or services (IP).

Another special category was reserved for 'Medical Instruments and
Procedures* (MED). In so far as medical apparatus are concsrned, this
category comes near to the aboyé-named 'IP' category. However, the
'MED' category also cevers services and know-how more directly related
to the human body (improved heart pacemakers or procedures for
transplanting human organs). We also included new pharmaceuticals in
MED. On the whole, the MED category comes quite close to product
innovations, although most of these innovations are not directly sold
to final consumers.

'Seientific Instruments' ('SI') form another category. These innovations
are primarily used in research laboratories, but to a certain extent also
for-industrial quality contrel., Therefore we conceive the SI category as
coming relatively close to process innovations.

The sample contains two other types of innovation that are difficult to
group into any of the categories so far mentioned. These are "new
technological devices" (TD) and "mew technological waterials" (TM).

An example of TD ig the laser, and an example of TM is epoxy resin. While
these clearly are innovations, their function is not limited to one specific
area and this potential for multiple application is ingeneral clear at the

time of imnovation. They thersfore constitute new inventive inmputs to

other sectors outside their sector of immediate origin. These "multi-

purpose technologies" have a dual significance; they are innovations for



the sector or firm which producers them, but they change'ﬁhe technological
possibilities for the whole range of future product and process innovations.
It would therefore be inappropriate to classify them as one or the other,
since this would be to obliterate an important dimension of their role

in the economy.

Having defined these categories of P, MED, IP, I, SI, TM and TD, it is

possible to combine them in different ways to represent more or less

inclusive definitions of product and process innovation. This is shown
in figure 1.

Figure 1
P, P I 11
P, P + MED T + ST I,
93 P + MED + %IP I + SI + %IP 13
P4 P + MED + XIP + %T I + ST + IP + T 14

Pl

P2.

P3
Pa4

'Il.

I2
13
i4

(T

™ + 1D)

P =

P + MED =

P + MED + X%IP =

P+ MED + 1IP + %7 =
I=

T+ 81

I+ ST + 412 =

I.+ ST + LIP + QI

N
total sample

Narrow definition of product innovations

Standard "
Wide "
Extended "

L L L]

Narrow definition of process innovations

Standard "
Wide "
Extended a



It will be clear from figuré 1l that we have decided to divide IP and T
hetween the product and process innovations in the wide and extended
definitions. This procedure avoids classifying these innavations wrongly
to one side or the other, yet it avoids sacrificing the informatiocn
contained in the distribution of these cases over time. The IP cases are
not controversial in this respect. The inclusion of the T cases ¢an also
be argued on the basis that they may contribute to both product and process
innovation. In any event this scheme gives us a variety of ways of
examining the proposedshift from product to process innovation, as well
as the prospect of examining the T innovations separately.

4, Results

4.1 Numbers of innovations by sector of origin

This approach is based on a divisicH of the economy into a service
sector and a manufacturing sector.

-

The manufacturing sector is further sub-divided inte 3 main branches:

. basgic materials industries

. investment goods industries

. consumer goods industries

This sub-division follows that used by the DIW (German Institute for
Economic Research). Grouping of the SIC sectors into these main
branches is documented in table Al of the Appendix.

Table A1  shows the absolute numbers of innovations for the
above~named sectors. Since the number of innovations in the total sample
exhibits considerable fluctuation over time, it is better to express the
innovations of each sector as a percentage of the total. The estimation
of simple regressions over time reveals that the percentage shares in
the sample of the service sectors and of the basic materials industries
show no significart trend.™
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* The regression equations are as follows:
service sectors: y=23.978-0.294t (t-value: 0.69%7)

basic Qéterialsindustrﬂést;y=2?CF&7—U.O&8t (t=valdae: 0.133)
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The 'investment and consumer goods sectors behave according to our
- hypothesist: Throughout the investigation period, the percentage share of
innovations from investment goods producers shows a significantly increas-
ing trend, and the share of consumer goods industries shows a reverse
trend (see Graph 1). This can be taken as preliminary confirmation of the
hypothesis that in the course of the post-war long wave upswing, emphasis
was shifting from product to process related innovations, i.e. the relative
importance of the capital goods sector as source of innovation was incress-

ing, whereas the percentage share of innovations from the consumer goods
industry was declining.

Graph. 1: Annual Percentile Shares of Immovations from Invesiment Goods
and Copsumer Goods Indnstries in Total Sample
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4.2 Applying our classification scheme (see Fig. 1)

4.2.1 The Results from the sample as a whole

The results of classifying the entire sample according to the
categories discussed in section 3 are shown in table A2 of
the Appendix. Here again we estimated linear regressions
over time of the percentage shares of product and process
innovatiomg according to the various altervative definitions

shown in Fig. 1. The results are documented in Table 1.

Table 1 : Regressions over Time of Percentage Shares in Total
Sample of Product and Process Innovations
(Abbreviations and Definitions: see Figure 1)

Product and Process
Innovations according

to different defini- Regression equatioms jt~values:

tions:

L (narrow definition Ve 51.891-0,058 t | 0.127
of process

imnovations)

12 (standard definition| y_ = 49.561+0,699 | 1.387
of process
innovations)

I, (wide definition of Ve = 54,573+ 0.471 v t.013
process
innovations)

I, (extended definition{ y_ = 67.630+0.456 t| 1.260
of process
innovations)

P, {(narrow definition vy = 8.146 - 0.125 t | 0.579
of product
immovations)

P, (standard definition!y = 14.302-0.213 ¢} 0.737
of product :
innovations)

P, {(wide definition of j y, = 19,313=-0,441 t | 1,301
product ;
innovations)

P, {(extended definifion : Ve = 32,370-0.456 t' 1.260
-of product
innovations)




12

Whether the definition used is wide or narrow the slopes of the .
trends are quite small; i.e. the probability that the increases

or decreases might be accidental is relatively high. Therefore .

wi;h the exceptlon
of Ty, the

direction of the trends is consistent with the shifting hypathesis, but the

the trends have to be interpreted with the utmost care:

significance of the slopes istooweak to take the results as

a strong confirmation of the hypothesis. However, experience
tells us that in innovation theory the most important information
is often lost if we restrict our view to large aggregates. In
the next section therefore, we have further dis-aggregated the

sample.

4.2.2 Dis-aggregation of the sample into modarn and traditional
sectors

In Kleinknecht (1981) the innovations of the Gellman sample were
distributed into 30 sectors of German manufacturing industry.

This procedure was guided by the hypothesis that given the strong
integration of German industry into the world market, there should

be a fairly good correlation between international innovation

trends and industry growth patterns - if the "Schumpeterian" approach
is relevant. This correlation does indeed exist. The study reveals
quite remarkable sectoral differences in the rates of growth of
industrial production between sectors and shows that this

corresponds with g ome-tailed sectoral distribution of innovations.

Taking into account differences in the rates of production growth
as well as innovative behaviour, the study of Kleinknechk(1981)

suggests that it is appropriate to separate manufacturing
industry roughly into two parts:

1. ™Highly innovative growth industries” which performed a
locomotive functioen in the post-war upswing: Chemicals,
Petroleum Refining, Rubber & Asbestos, Cars, Aircraft
Construction, Electrical Equipment, Precision Engineering,
Plastics Manufacturing.

2. "Traditional industries" with more moderate gqrowth rates
and weaker ipnovation performance: Mining, Building Materials,
Iron & Steel, Non-ferrous Metals, Saw-Mill & Timber Processing,
Wood-Working/Cellusose & Paperboard, Steel Construction,
Machinery Construction, Shipbuilding, Hardware & Metal Goods,
Fine Ceramic, Glass, Wood Manufacture, Musical Instruments/
Toys/Jewelry, Paper & Board Manufacture, Printing & Duplicating,
Leather Manufacturing, Leather Processing, Shoes, Textiles,
Clothing, Food/Tobacco & Beverages.
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Graph 2 shows the numbers of innovations originating in these
two parts of industry as a percentage share of the total pumber of
innovations in manufacturing industry (total = 413 cases; i.e. 87

out of 500 cases full outside manufacturing industry)}.

The graph illustrates thatduring the post-war Kondratieff-upswing
there is a rising share in industrial innovation taken by the group
of 8 high growth industries, and correspondingly, there is a
considerable decline of the relative contribution of the older,
traditional sectors. Let us now look at what is happening within
these twe groups, using the classification scheme presented above

(figure 1). A summary of the total period is given in table 2.

Types of Innovations by Modern and Traditional Industries

I P IF T MED S1 D totals
modern growth industries {Chemicals, Petrcleum .
Refining, Rubber & Asbestos, Vehicle Constructionm,
4dircraft Construerion, Car Censtruction, Electrical 73 1% 18 10 21 21 7 244

Equipment, Precision Engineering & Optics, Plastics

Manufaccuring 29.92% 13.93% 7.38% 2B.69%7 B.6I1X  B.6IX 2.87% 100%
22 tragicional ipndystries (Mining, Building Materials,

Iron & Steel, Hon-ferrous Metals, Saw-Mil) & Timber
Processing, Wood-Working/Cellulcse & Paperboard,
Steel Construction, Machinery Comstruction, Ship-
building, Hardware & Metal Goods, Fine Ceramic,
Glass, Wood Manufacture, Musical Inscruments/Toys/
Jewelry, Paper & Board Manufacture, Printing & Dupli-

cating, Leather Manufacture, Leather Processing, Shoes, 115 3 13 34 1 2 1 169 -
Textilas, Clothing, Food/Tobacco & Beverages. 68.05% 1.78% 7,69% 20.12% 0.59% 1,]18% 0.59% 100%
30 sectors of manufacturing together: 188 37 k3 HA 22 23 8 413
Sectors outside manufacturing industry (trade ecc.) 59 1 2 12 3 [ 2 87
Total sample: 247 8 33 116 27 29 10 500

The table demonstrates clearly the difference in the ratio between
product and process innovations between the two groups: Independently
of how we define product innovations (P, P + MED, P + MED + %IP + % T)
it can be seen that the 22 traditional industries have only very few
of them. This implies that, if there is any shifting from product

to process innovations, it can only have taken place within the modern
industries; the traditional industries seem to have shifted already
long before our observation peried. This can also be seen in more

detail from table A3 in the Appendix which covers the same data on

an annual basis.



Graph 2: Annual Percentile Shares of Innovations from 8 Innovative Growth

Indiastries and from 22 Traditional Industries in Total Manufacturing
Innovations
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Since there are s¢ few product inmnovations in the traditional
sectors (on any definition) it is not apprepriate to pursue
further the possibility of a product/process shift in these
sectors. In the eight high growth industries, however, it is
possible to repeat the regressions on PI—P4 and I.,-I, to explore

1 74
the shift within these industries.

The results are summarised in table A4 (Appendiz) and in table 3

and graphs 3 and 4 which follow. Table 3 shows that the regressions on
the process innovations have signifiﬁantly positive slopes on all
four definitions (II-IA)' The slopes of the regressioms on PI_PB are
not significant; only the slope on P4 is significant. It should be
pointed out that our classification scheme and the mature of the data
result in there being'many motre process innovations than product
innovations in the sample (se=s table A4). This inevitably makes the
regressions on the product innovations less reliable. By the same
token, however, we can have much more confidence in the regressions
on the shares of process inmovations in the 8 industries, and the
latter are significant even on the most restrictive defimition (Il s
i.e. primarily factor saving investment goods). It does seem then,
that 'rationalising' innovations are becoming more important than
'expansionary' innovations in this sample as the upswing develops.
Finally, it is important amnd interesting to note that the T innova-

tions taken alone do not show any significant trend.*

*The regression equation for the percentile share of T innovations

in total over. time is: V. = 40,645 —- 0.664t (t=value : 1.000).



Table 3 - Regressions on Annual Percentile Shares of Product
and Process Inmnovations in Total Number of
Innovations within 8 Modern, Highly Inmovative Growth Industries
(Abbreviations and Definitions: see Figure 1)

Product and Process
innovations according

to different defini- Regression equatioms | t-values:
tions:
I, {(narrow definition Y. = 23,742 +0,967 ¢} 1.818

of process

innovations)

I, (standard definition|y, = 24.087+1.777 t| 3.162

of process t
innovations)
13 (wide definition of V. = 28.425+ 1.478 t 2.794
process
innovations)

I4 {extended definition}] y_ = 48,747+ 1,146 ¢ 2.403
of process
innovations)

P, {(narrow definition y, = 16.894-0.322 ¢ 0.638
of product
innovations)

- : P2 (standard definition| y_ = 24.639-0.516 ¢t 0.949
. of product
innovations)

P, (wide definition of {y,_ = 30.930-0.814 ¢ 1.294
product
innovations)

P, {extended definition Ve = 51.253=1,146 t| 2.403
of product
innovations)




Grapit 3: Annual Percentile Shares of Product and Process Innovations
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: Anmual Percentile Shares of Product and Frocess Innovations

Gra,
(According to "Extended Definition®) Withim 8 Imnovative
Growth Industries
¥
6% Percen~— ?ggcen-
tile tile
Shares Shares
17, of  of
t Product Process
Inno~- | Inno-
vations vations
209 . 867,
t Product Innovations (P4): o
304 - 30
Fod - 60%
% + 5o%
Process Innovations (14)=
Y= 48,75+ 1,146 ¢
604 (t=value: 2,403) - 4o
10 307,
80 % - 207,
90 % 0%
e B I S S S SEn VR AL




19

5. Conc¢lusions

The first conclusion which can be drawn from these results is that the
level of aggregation is very important in the study of changes in the
character of immovation. The hypothesised shift £yom product to process
innovation was not clearly visible in the aggregate sample except by

means of the indirect 'sector of origin' approach. The individual classi-
fication of immovations did however, show a strong confirmation of the
hypothesised shift in the 8 high growth industries. This is an important

confirmation and modification of the hypothesis.

Secondly, it can be concluded that this result gives further support

to the models of long waves developed by tﬁe authors mentioned in Section
1, since it confirms some of the features of strong industry life cycles
which play an important role in these models once the wave is underway.
Furthermore, it is consistent with the arguments of Freeman et al. (1982)
concerning the ability of the growth industries to continue to generate
employment. It seems that as the wave progresses these sectors are likely

to move toward 'jobless growth'.

If, in the economy as a whole, and in the growth industries of the upswing
in particular, the rate of product innovations has fallen while the total
rate of imnovation has increased, then it is important to ask what the
effect of various policies might be on that situation. Depressed demand
will probably accentuate the trend, while expanded demand could not
guarantee its reversal. Falling wages might reduce some pressure towards
process inmnovation, but that dees not in itself transfer effort to product
innovation, especially if the falling wages are within a context of de~
pressed demand. This suggests a role for technology policy, but raises

the question of which technologies and products to promote; a familiar

problem which will not be pursued further here.

On the difficult question of the mature of technical change at the lower
turning point the results are-suggestive rather than strongly confirming
any hypothesis. The fact that there was a higher level of product inno-
vations at the beginning of the time period than at the end might be
consistent with the level also having been high during the latter phase

of the long wave depression. On the other hand the peak may have come
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after the upswing began. The time periocd of the data (1953-1973) is
just outside the period needed to examine this possibility., It is

also important however, that the T innovations are effectively random.
This is suggestive of the possibility that fundamental technical changes
may be less closely coupled to the long wave, as Freeman has suggested.
Again however, without more data we cammot be sure that there is not a

peak or a trough in T in the downswing of the wave.

In any event these results underline the importance of careful analysis
of the nature of technical change in the long wave. It may be tcoc crude
to operate only with the categories of inventions and innovations, given
the dual significance of the T inmovations as multiple-purpose technolo-
gies. The tracing of connections between T innovations and their later
role as inputs to other innovations would be a useful research strategy,
especially if coupled to diffusion data on these and other inmovations.
In sum, there is a need to move beyond the simple counting of inventioms
and innovations, despite the suggestive results provided by the method

up to date.
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APPENDIX Table Al : Annual Numbers of Innovations by Main Sectors of Origin
manufacturing:
non-manufac- basic investment consumer total
turing sectors materials-| goods in- goods in-
industries| dustries dustries sample
1953 3 24 17 5 49
1954 4 3 2 16
1955 3 7 7 2 19
1956 4 2 10 2 18
1957 3 3 6 2 14
1958 4 4 7 0 15
1959 3 1 2 ] 7
1960 8 7 i1 0 26
1961 7 3 9 l 20
1962 6 7 14 3 30
1963 6 8 8 0 22
1964 6 7 14 6 33
1965 2 7 9 ¥ 19
1966 i 7 17 1 26
1967 5 A {5 1 25
1968 7 10 16 3 36
1969 2 6 H) 0 I8
1970 3 i3 1 25
1971 3 19 3 30
1972 2 15 21 3 41
1973 5 4 0 11
Totals 87 140 237 37 S0
Corresponding |[154,161,162,173 .109,121,131 344,351,353 321,243,
SIC numbers: 374,401,422,431 324,325,327 359,371,373,1 249,393

442 ,452,461,478 329,331,339 372,376,360 { 262,307

481,483,489,491 333-335,281 362,365-367 ) 311,222

494,495,508,602 j.282-28?’,289 369,381-384 | 228,231

632,737,739,769 291,301,242 | 386,341,347 { 203,206

806,891,892,919 i261 349,342 208,209

951,957,962,566




APPENDIX Table A2 : Annual Numbers of Product and Process Innovations in the Total Sample (Abbueviations and
- definitions: see figure 1)

pure I| pure P| I+SI | P+MED| TP | T=TD+TM| I+SI+}IP+4T | P+MED+}IP+3T totals
1853 16 7 16 15 10 9 25.5 24.5 30
1954 8 2 8 2 2 4 11 5 16
1955 13 2 i3 2] o 4 15 4 | 19
1956 9 0 9 o| i 7 13 i TR
1957 7 1 8 1 0 4 10 3 13
1958 8 0 g | | 5 12 4 16
1959 2 0 2 i | 2 3.5 2.5 6
1960 12 3 13 4 2 6 17 9 26
1961 15 1 16 1 0 3 17.5 2.5 20
1962 17 0 17 3 3 6 21.5 7.5 29
1963 12 4 12 4 0 4 14 6 20
1964 15 3 16 7 4 7 21.5 12.5 34
1965 9 2 10 3 0 6 13 5.5 19
1966 14 2 17 2 | 5 0 | 5 25
1967 12 1 15 3 2 5 18,5 1.5 25
1968 21 2 22 2 2 7 26.5 4.5 33
1969 5 1 5 2 0 9 9.5 6.5 16
1970 13 1 19 2 0 4 21 4 25
1971 8 6 13 8| 1 7 7 12 29
1972 24 0 27 i 3 10 33.5 7.5 41
1973 7 0 9 o | o 2 10 e 1
totals: 247 38 276 65 33 116 350.5 139.5 490

The total sample covers 490 classified cases

plus 10 non—classified (difficult) cases.

€c



Appendix, Table A3 :

Types of Innovations by Sectors and by Time (Abbreviations and Definitions: see Figure 1)

Industrial Sectors and corresponding SIC numbers (in brackets)

1973

Mining Building Iron & Non-ferrous Petroleum
(103,121, | Materials Steel Metals Chemicals Refining
131) (324,325, (331,339) (333-335) (281,282-287,289) (291)
Years 327,329)
1953 I I 1 I, T™ 3x TM, 6 x MED, P, 4 x IP, I ™
54 2 x1I I
1955 I I 2x 1 P, I
56 I
57 ™ I I
58 I ™ I
59 ™
1960 2x1I 2 x1I MED, P, I
61 I I, ™
62 2 x I I, MED I
63 I, 2x ™ 2 xP,D, I
64 ™ I MED, 2 x TM, 2 x P 1
1965 2 x I, ™ 2 x ™, P B
66 xI 2 x T ™
67 51 2x 1
68 D, I P x 1 ™, T, D
69 ™ ™, 1 T™, 1, MED
1970 T™ 3x 1, 3x T™ I
71 I ™ L
72 I 1, SI 1, SI 3x T, 4 x ™ 2x1
I

%C



Appendix, Table A3 :

Types of Innovations by Sectors and hy Time

(continued)

Industrial Sectors and corresponding SIC numbers (in brackets)

Saw-Mill

Rubber & Wood-Working,| Steel Machinery . Ship- Alreraft
Asbestos | & Timber Cellulose, { Construe— | Cars Construction building | Construction
) Processing | Paper=board tion '
Years (301) (242) (261) (344) (371) (351,353-359) (373) (372, 376)
1953 | 2x™M, P MED 4x P, I 2xI, P 2 x I 2 x IP
54 IP Iir 2x1 D
1955 ™ P 2 x1 ™
56 TD D 2x1 I
57 P, 2x I I
58 TD ™, 2 x1 I D
59 -
1960 1 IP, I P
61 i, P 2 x 1 i
62 ™ ™D, ™, 6x1 1P
63 P 3x1
64 1 IP, T, 2% 1
1965 3x1 ™, I
66 P 4 x 1 I P
67 IP, 4 x 1 P
68 2x7TP, 5 x 1 2x1 I
69 D
1970 P, 51 3x1 I
71 P P, 1P 2x1 2 x SI, ™™
72 IP 1P 2xI, IP T, 4 x 1 D
73 I

ST



Appendix, Table A3 :

Types of Innovations by Sectors and by Time

(continued)

Industrial Sectors and corresponding SIC numbers (in brackets)

Paper & Board

Electrical Precigion Hardware i] Fine Wood Musical
Equipment Engineering & Metal Goody Ceramic Manufac- | Instruments, Manufactire
(360,362, Optics (341, 342, | & Glass ture Toys,Jewelry,etc.| & Printing

Years | 365-367, 369) | (381-384, 386) 347, 349) | (321) (243,249) (393) (262)

1953 2x1I, IP MED, IP ™, IP I
54 2xP D I

1955 ™ Z_x I

56 2xTD I ™ ™
57 | ™ I ™
58 81
59 TD I Ip

1960 I, IP, 2xTD | MED, TD, SI
61 2xI, 81, D
62 2xTD, I I, MED
63 I, TD I, P
64 I, ™, P 2 xMED, I, SI I, TD ™ 1

1965 P, TD SI, MED ™
66 3xI, D, SI, D| I, SI ™, I
67 2xTD,2x 1,81 | 2xTD, MED, I '
68 SI, MED, TD 2xI, ™ D ™
69 5xTD, D I, P ™

1970 3x 1, SI MED, 2x SI
7i I, 2xP?, TD 2xP,3xSI,ID,MED [ I
72 3xI, 2xT™ 2xI, ™, SI, MED| 1 TD I
73 I I, SI

9z



Mpendix, Table A3 :

Types of Innovations by Sectors and by Time

3

(continued)

Industrial Sectors and corresponding SIC numbers

{in brackets)

Plastics Leather | Textiles Food, Non-manufacturing sectors
Manufacturing | & Shoes | & Clothing| Tobacco- (services, trade etc.)
| (222, 228, | & Beverages | (154, 161, 162, 173, 374, 401, 422, 432, 442,
Years (307) (311) " 231) (203, 206, 452, 461, 481, 483, 489, 491, 494, 495, 508, 632,
208, 209) 731, 739, 769, 806, 891, 892, 919, 957, 962)

1953 ™ IP 3xI

54 1 2 x TD, TM, I
1955 ™, I 3x1

56 IP 4 x 1

57 P 1, i, D

58 3 x I, ™

59 I, MED, D
1960 4 x I, 2 x TD, P, ™

61 ™ 7Tx1

62 1 2 x IP " 3 x I, MED, D, T™

63 5x I, Tb

64 3x1IP, I 5 x I, MED
1965 1 2x1

66 TD SI

67 2 x I, Ip, SI, MED

68 P, ™ 5 x I, IP, ™

69 2x1I
1970 I I, 2 x SI

71 3 x ™ 2 x I, MED

72 I 2 x1I

73

3x I, SI, TD

Lt



