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Abstract 

Using data on more then 22,000 manufacturing firms participating to the second Italian Innovation Survey, fresh 
evidence is presented on the number of firms involved in innovation, the total expenditures devoted to innovation and the 
quantity and quality of innovating output. The most important innovation expenditures are investment in new machinery and 
R&D.  The existence of major cross-industry differences are however confirmed. Within the group of innovating firms, the 
small ones do not emerge less innovative than the large ones. However, data clearly show that small firms introducing 
innovations are a minority and that they account for on!y a small share of total innovation expenditure of the Italian 
manufacturing industry. The paper also quantifies the share of new products and processes on total sales showing that a 
substantial part of sales in the manufacturing industry (62%) is made of unchanged products and processes and only 1.2% of 
total sales is made of entirely new products. It is also shown that only to a limited extent the innovation patterns highlighted 
in this article reflect the peculiar characteristics of Italian industrial structure. Most of them are common to most of the 
European countries which have taken part to the Community Innovation Survey (CIS). © 1997 Elsevier Science B.V. 
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1. Introduct ion 1.1. How many firms do innovate ? 

Although technological change is one of the main 
determinants of long-term economic development, 
our knowledge of some of its most crucial aspects is 
still incomplete, and an exhaustive quantification of 
all key dimensions of innovation activities is still 
lacking. The following issues are some of those 
which have not yet been fully answered. 

* Corresponding author. Tel.: + 39-644-879-260; fax: + 39-64- 
463-836; e-mail: evangeli@www.isrds.rm.cnr.it. 

~ Tel.: +39-644-879-260; fax: +39-64-463-836. 

We can assume that, in a competitive economic 
system, all firms are forced to innovate or to perish 
in the long run. However, it has not yet been quanti- 
fied what is the share of firms introducing innova- 
tions in each time period and how this share changes 
over time. Some firms might be persistent innova- 
tors, especially in industries characterised by high 
technological opportunities, while in other industries 
the frequency of innovation might be much lower 
(see Malerba and Orsenigo, 1995; Geroski et al., 
1996). 
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1.2. What is the amount o f  resources devoted to 
innovation ? 

It is now widely acknowledged that firms inno- 
vate through a variety of sources and that innovation 
patterns are industry-specific (Pavitt, 1984; von Hip- 
pel, 1988; Archibugi et al., 1991; Evangelista, 1996). 
However, a quantification of the different inputs 
devoted by firms to nurture their innovative projects 
is still needed. 

1.3. What is the amount and significance o f  the 

innovated production ? 

Not even the most innovating companies will 
entirely replace their old products and processes with 
new ones. It is therefore necessary to quantify the 
share of new products and processes and to assess 
their degree of novelty. 

Since the earliest Schumpeter's suggestive analy- 
ses (Schumpeter, 1934, 1942), these issues have 
been addressed in a great deal of research. The 
debate is, nonetheless, still open due to the lack of 
suitable measuring instruments. The empirical evi- 
dence we present in this paper is a contribution to 
the debate on the widespread of innovation, on the 
resources which absorbs and on its economic signifi- 
cance. It is based on a new data source, namely a 
survey carried out in 1993 by the Italian National 
Statistical Institute in collaboration with the Institute 
for Studies on Research and Scientific Documenta- 
tion of CNR (hereunder referred to as the Italian 
Survey) and promoted and coordinated by the Euro- 
pean Commission and Eurostat under the Commu- 
nity Innovation Survey (CIS) venture. Few compar- 
isons between Italian data and those drawn form the 
European sample (CIS) will be also carried out. 

The paper is organised as follows: Section 2 
examines the methodological aspects concerning the 
measurement of innovative activity. Section 3 analy- 
ses the spread of innovation phenomenon in the 
Italian manufacturing sector and in Europe looking 
at percentage of innovating firms across main indus- 
tries and firm size classes. Section 4 quantifies the 
importance of the different sources of innovation 
again both in the Italian manufacturing industry and 

across main European countries. The innovative con- 
tribution of small and large firms is analysed in 
Section 5, while Section 6 analyses the output of 
innovation by looking at the quantity and quality of 
new and improved products. The main findings of 
this work and some policy implications are drawn in 
Section 7. 

2. Measuring innovative activities 

Satisfactory analyses are only possible with the 
help of appropriate methodologies and measuring 
instruments. Compared to other economic variables 
(such as, for example, production, value added, in- 
vestment, exports, and employment), innovation 
variables are much harder to be measured. The diffi- 
culties have to do first of all with the very nature of 
the phenomenon of innovation, characterised by a 
high heterogeneity. In particular, four aspects ham- 
per the measurement of technology and innovative 
activities: 

(i) Technological knowledge may be formal or 
tacit. While only a portion of such knowledge may 
be written down in books, manuals, patents and 
designs, another part remains tacit. 
(ii) Sources of innovative activity may be internal 
or external to firms. In the majority of cases, the 
innovations introduced by firms are based upon 
both types of sources. 
(iii) While some innovative activities may be eas- 
ily identifiable in economic terms, through prices 
and costs, other technological activities occur out- 
side the sphere of market transactions. 
(iv) Technological change consists both of identi- 
fiable tangible activities--for example, new ma- 
chinery and equipment--and intangible activities, 
which include the generation of new ideas, inven- 
tions and innovations. 
In addressing these problems, economists, sociol- 

ogists and statisticians have tried to produce indica- 
tors capable of describing and predicting reality, but 
none of them is totally satisfactory. Nonetheless, if 
they are used properly, they may provide helpful 
indications both for analysis and for economic policy 
choices. 

The intellectual framework of the new measure- 
ment tools developed over the last decade is defined 
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by the notion that "the linear model of innovation is 
dead" (Rosenberg, 1994, p. 139). The onus is now 
placed on the fact that innovative activity is an 
interactive process in which the different phases and 
sources of technological change are interdependent 
and not hierarchically structured. Thus, whereas in 
the past a great deal of attention was attached to 
R & D  activities, regarded as the main source of 
innovations, recently the focus has shifted to the role 
played by other complementary sources. Hence the 
development of surveys to measure innovative activ- 
ity directly. Public research centres, statistical of- 
rices, international organisations--including the 
OECD and the European Commission--and numer- 
ous university centres have thus attempted to supple- 
ment the statistical information already available with 
a new indicator based on direct surveys of 'the 
innovative phenomenon'. Albeit performed with dif- 
ferent methodologies, surveys have followed two 
main approaches (see Archibugi, 1988; Hansen, 
1992): 
• collecting information on the innovations intro- 

duced, hence concentrating on the objects of 
innovative activity; 
questioning firms about input, output and the 
nature of the innovative process, hence focusing 
analysis on the subjects of innovative activity. 
The first group comprises surveys conducted by 

Spru in Great Britain on a set of innovations 
(Townsend et al., 1981; Pavitt, 1984; Pavitt et al., 
1987), by the Small Business Administration in the 
United States (Acs and Audretsch, 1990), and those 
on new products advertised on specialised magazines 
and publications (Kleinknecht and Bain, 1993; 
Santarelli and Piergiovanni, 1996; Coombs et al., 
1996). The second group encompasses the surveys 
carried out by Ifo in Germany (Scholz, 1992), certain 
Dutch surveys (Kleinknecht and Reijnen, 1991) and 
the Istat/Isrds-Cnr surveys (Archibugi et al., 1991; 
Cesaratto et al., 1991). 

The diversity of the various surveys has enhanced 
our knowledge on the advantages and limits of the 
various approaches. Furthermore, it has still not been 
possible, however, to obtain comparative statistical 
data over time and across countries. 

In recent years, great efforts have been made to 
harmonise surveys on innovation at international 
level. The OECD, for example, supplemented its 

family of manuals on technological indicators 2 with 
the Oslo Manual (OECD, 1992a; OECD-EURO- 
STAT, 1997) on the methodologies and contents of 
direct surveys on the innovative activity of firms. In 
1992, the European Commission launched the 'Com- 
munity Innovation Survey'. This was the first ever 
survey on innovation to be carried out simultane- 
ously in so many countries on the basis of a har- 
monised questionnaire. Data on almost 41,000 Euro- 
pean firms have been collected. Unfortunately, the 
results for each country are only in part comparable 
as a result of modifications to the text of the ques- 
tionnaire introduced by some of the national con- 
tracting parties and the inadequate harmonisation of 
the statistical methodologies adopted (cf. Archibugi 
et al., 1995a; Evangelista et al., 1996). It is nonethe- 
less encouraging to take stock that various countries 
outside the European Union--including the United 
States, Canada, Australia, Hungary and China--have 

3 also undertaken similar surveys. 
The following sections of this paper will assess 

some of the results emerging from the survey on 
innovation in the Italian manufacturing industry con- 
ducted within the framework of the Community In- 
novation Survey. The Italian Survey has involved a 
number of firms larger than in any other European 
country and accounts for as many as 40% of the total 
returned questionnaires of the Community Innova- 
tion Survey (cf. Archibugi et al., 1995a; Evangelista 
et al., 1996). Despite data presented in this paper 
necessarily reflect the specificity of Italian industrial 
structure, we will show that they also highlight some 

2 The OECD has already compiled manuals for collecting data 
on R&D expenditure, patents, human resources for science and 
technology, the technology balance of payments and surveys on 
innovation. 

3 The OECD and the European Commission have hosted inter- 
national conferences where the methodology, results, policy impli- 
cations and perspectives of these new innovation indicators have 
been explored. Among these, we would like to recall the Confer- 
ences 'Innovation, Patents and Firms' Technological Strategies,' 
Paris, OECD, 8 -9  December 1994; and 'Innovation Measurement 
and Policies', Luxembourg, European Commission-Eurostat, 20 -  
21 May 1996. 
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Table 1 
Innovating and non-innovating firms by firm size (Italian Survey) 

Total firms % Innovating firms % Employees of innovating % Sales of innovating 
on total firms on total firm firms on total firms firms on total firms 

Classes of employees 
20-49 15,109 
50-99 4142 
100-199 2012 
200-499 1041 
500-999 292 
1000 and over 191 
Total 22,787 

25.9 27.5 29.1 
40.8 41.6 43.0 
48.0 48.7 47.8 
58.5 59.8 67.3 
74.0 74.5 79.1 
84.3 91.5 95.9 
33.3 61.5 70.7 

Source: Istat (1995). 

basic characteristics of innovation patterns in indus- 
try which are shared by most European countries. 

3. The spread of innovation in the manufacturing 
industry 

One of  the first aims of  innovation surveys is to 
establish how widespread the innovative phe- 
nomenon is within the industrial structure. With the 
exception of very few craft-based firms, in a dy- 
namic and long-term perspective all firms are bound 
to innovate. Although it is reasonable to expect all 
firms to innovate, it is still necessary to establish 
how frequently firms innovate and what is the frac- 
tion of the industrial fabric which is affected by the 
introduction of  new products and processes. 

Table 1 shows for the manufacturing sector as a 
whole and for the main firm size classes the number 
of  firms participating to the survey, the percentages 
of  these firms that have introduced innovation in the 
period 1990-1992, and the percentage of sales and 
employees accounted for by innovating firms in 1992. 
The Table shows that only one third of  the firms 
involved in the survey have introduced innovation 
during the three years period considered. The innova- 
tive phenomenon has involved however a much larger 
portion of the Italian industrial structure, 61.5% of  
employees and 70.7% of  turnover of  the manufactur- 
ing industry covered by the survey being concen- 
trated in innovating firms. The Table shows that 
there are significant differences in the percentage of 
innovating firms across different size classes. Only 
one fourth of  the firms with less than 50 employees 

have innovated during the period 1990-1992, while 
84.3% of  firms with over 1000 employees have 
introduced innovations. This pattern holds also at the 
level of all European countries participating to CIS 
taken as a whole. Fig. 1 also shows that at the 
European level, a clear positive relationship between 
firm size and the percentage of  innovating firms is 
found. It should also be noted that the percentage of  
European firms which have introduced innovations 
in the period 1990-92 rises up to 53%. These fig- 
ures, however, are likely to be somewhat overesti- 
mated. This is due to very low response rates ob- 
tained in many countries, which are likely to be 
associated to samples biased towards innovating firms 
(cf. Evangelista et al., 1996). 4 

Significant differences in the percentage of inno- 
vating firms also emerge across industries as shown 
in Table 2, referring to the Italian industry. Industrial 
sectors showing the highest percentages of  innovat- 
ing firms are Aerospace (67.7%), Office machinery 
(64.6%), Radio, TV and Telecommunicat ions  
(59.8%). Also at industry level a more effective 
indicator of actual economic relevance of the innova- 
tion phenomenon is given by the percentage of  sales 
and employees of  innovating firms. In sectors such 
as Aerospace,  Office machinery and Radio, TV and 
Telecommunications innovating firms concentrate 
more than 90% of the employees and sales of  these 
industries, while in most of the industries producing 

4 An analysis of the CIS dataset has shown a clear negative 
correlation between response rates and percentage of innovating 
firms across countries (cf. STEP-ISRDS, 1996). 
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Table 2 
Innovating and non-innovating firms by industry (Italian Survey) 

Total firms % Innovating firms % Employees of innovating % Sales of innovating 
on total firms firms on total firms firms on total firms firms on total firms 

Industrial sectors 
Aerospace 31 67.7 (1) 99.0 (1) 99.5 (1) 
Office machinery 48 64.6 (2) 94.4 (2) 97.6 (2) 
Radio, TV, telecom. 249 59.8 (3) 91.9 (3) 93.4 (4) 
Pharmaceuticals 198 56.1 (4) 78.6 (8) 80.6 (8) 
Precision instruments 435 50.3 (5) 65.8 (12) 67.7 (12) 
Mechanical machinery 2713 48.9 (6) 70.5 (10) 75.4 (10) 
Chemicals (excl. pharmac.) 561 45.6 (7) 78.8 (7) 80.9 (6) 
Motor vehicles 445 44.7 (8) 91.5 (4) 92.0 (5) 
Synthetic fibres 31 41.9 (9) 82.9 (5) 80.7 (7) 
Rubber and plastic 866 41.8 (10) 63.6 (13) 65.1 (14) 
Oil 89 39.3 (11) 81.2 (6) 97.5 (3) 
Electrical machinery 989 38.7 (12) 67.7 (11) 72.5 (11) 
Printing and publishing 732 38.3 (13) 54.7 (16) 53.7 (16) 
Paper 496 38.3 (14) 58.5 (15) 63.5 (15) 
Metals 643 37.9 (15) 60.8 (14) 65.2 (13) 
Metal products 2874 33.4 (16) 42.4 09)  45.6 (19) 
Other transport 272 32.7 (17) 75.1 (9) 75.5 (9) 
Food, drink, tobacco 1501 31.2 (18) 53.0 (17) 51.5 (17) 
Mineral and non mineral pr. 1486 29.7 (19) 47.1 (18) 49.1 (18) 
Wood 622 28.8 (20) 36.6 (22) 26.1 (23) 
Textile 2008 28.1 (21) 38.0 (20) 41.9 (20) 
Other manufacturing 1679 26.0 (22) 36.7 (21) 40.2 (21 ) 
Leather and footwear 1486 18.8 (23) 24.6 (23) 27.9 (22) 
Clothing 1991 11.3 (24) 17.8 (24) 18.0 (24) 

Source: Istat, 1995. 
Ranking in brackets. 
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traditional consumer goods the percentages of em- 
ployees and sales accounted for by innovating firms 
remain quite low. Comparing the ranking of indus- 
trial sectors according to the percentages of innovat- 
ing firms and the percentages of sales and employees 

it is possible to identify few industries where despite 
it is a relatively small fraction of firms which intro- 
duces innovations the actual percentage of sales af- 
fected by innovation activities are much larger. This 
is the case of Oil products and Motor Vehicles where 

Table 3 
Probability of carrying out innovative activities and R &D (Italian Survey) (logit estimates) 

Dependent variables Eq. 1, presence of innovative activities Eq. 2, presence of R & D activities 

Number of observations 22,787 22,787 
Concordant 70.0% 77.5% 
Discordant 29.7% 22.1% 
- 2Log L 2774 3725 
Score 2641 3837 

Intercept - 3.972 - 6.114 
Belonging to an industrial group 0.166 0.327 
Not belonging to an industrial group reference reference 

Log of employees 0.578 0.742 
North-West 0.771 1.361 
North-East 0.454 1.496 
Centre 0.208 1.127 
South 0.067 a 0.612 
Islands reference reference 

Office machinery 1.486 (1) 1.927 (1) 
Aerospace 1.276 (2) 1.544 (3) 
Radio, TV, telecom. 1.212 (3) 1.578 (2) 
Precision instruments 0.962 (4) 1.415 (4) 
Mechanical machinery 0.875 (5) 1.219 (5) 
Pharmaceuticals 0.71 (6) 1.097 (6) 
Rubber and plastic 0.648 (7) 0.637 (10) 
Chemicals (excl. pharmac.) 0.584 (8) 0.894 (7) 
Autovebicles 0.579 (9) 0.800 (8) 
Printing 0.558 (10) - 0 . 700  (18) 
Paper 0.467 (11) -0 .221 a (21) 
Electrical machinery 0.435 (12) 0.776 (9) 
Metal products 0.411 (13) 0.262 (13) 
Oil 0.324 b (14) 0.572 (12) 
Metals 0.296 (15) 0.021 b (16) 
Wood 0.203" (16) - 0.130 b (22) 
Other transport 0.17 b (17) 0.254 (14) 
Food, drink, tobacco 0.16 a (18) - 0.129 b (23) 
Mineral and non mineral prods. 0.116 b (19) 0.086 b (15) 
Clothing -0 .913  (20) - 1.287 (19) 
Leather and footwear -0 .319  (21) -0 .225  (11) 
Synthetic fibres - 0 . 0 6  b (22) 0.599 a (20) 
Textile -0 .015  b (23) -0 .279  (17) 
Other manufacturing reference reference 

Source: Elaboration on the Istat database. 
aSignificant at the level of 90%. 
bNot significant. 
Ranking in brackets. 
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few innovating firms account for an overwhelming 
share of employees and sales in these industries. 

Overall, the evidence presented so far confirms 
that industrial sectors and firm size prove to be 
important factors for determining the presence of 
innovation activities within firms. This kind of evi- 
dence however, does not allow us to test whether 
large firms are more likely to be innovative indepen- 
dently from the industry in which they operate. 5 

To check whether any sectoral and size 'composi- 
tion effects' exist we have estimated two logit equa- 
tions in which the mere presence-absence of the 
innovative phenomenon (Eq. 1) and R & D  activities 
(Eq. 2), are considered as the independent variables 
(see Table 3). In both equation as regressors, we 
used firm size (measured by the logarithm of the 
number of employees) and the industrial sector firms 
belonged to (expressed by 24 sectoral dummies vari- 
ables). Another two variables were included as con- 
trolling factors, namely the geographical location of 
the firm (identified by five regional dummies) and 
the fact the firm belongs to an industrial group. In 
the two logit equations estimated, the dependent 
variables are either equal to 1, if the firm has intro- 
duced innovation in the period 1990-1992 (Eq. 1) or 
performed R & D  (Eq. 2), or 0 if it has not. In both 
equations, the total sample included in the survey has 
been taken into account. 

The coefficients of the different variables allow to 
estimate (through a logistic transformation) the prob- 
ability of a firm with given characteristics (size, 
sector, geographical area, membership of a group) to 
be innovative or perform R&D. In the case of the 
dummies variables the coefficient can be interpreted 
as a gross index of the relative importance of the 
characteristic of the firm taken into account by the 
dummies. As the dummy coefficients increase, so the 
probability of the firm's introducing innovations or 
performing R & D  increases. The value of the inter- 
cept refers to the firm with the reference character- 

5 The most recent literature has argued that precisely because of 
the presence of marked sectoral specificities in levels of techno- 
logical opportunity and appropriability, the relationship between 
firm size and innovation studied at the level of the entire manufac- 
turing industry may furnish spurious indications of the actual 
importance of the size factor (cf. Cohen, 1995). 

istics: namely, non-membership of a group, location 
in the islands, belonging to the 'Other manufacturing 
industries' sector. 

For both equations, tests confirm that the regres- 
sions have an acceptable capacity to interpret the 
phenomenon. Firms behaviour is predicted by the 
model in 70% of the cases in Eq. 1 and 77.5% of 
cases in Eq. 2. 6 The probability of firm's being both 
innovative and performing R & D increases monoton- 
ically with firm size and increases considerably for 
industrial sectors with are usually labelled as those 
characterised by high technological opportunities, 
namely Aerospace, Radio, TV and Telecommunica- 
tions, Precision instruments, Mechanical machinery 
and Pharmaceuticals. These results confirm therefore 
that the industry in which firms are located and firm 
size are important factors for explaining the presence 
of innovating activities, irrespective one from an- 
other. Table 3 also shows that the probability of a 
firm's being innovative and perform R & D  increases 
if the firm is a member of an industrial group and it 
is much higher among firms in the North-West and 
lower in other areas, with a minimum level in the 
South and Islands. The positive effect of firm size on 
the probability to introduce innovation should not 
come as a surprise if one considers large firms are 
multiple of small production units. 7 However, this 
is less true in the case of performing R & D  and this 
because R & D  activities are much more permanent 
and systematic in their very nature. 

4. Sources of innovation 

The multiform nature of innovative activities and 
their sectoral specificity have been underlined in a 
vast amount of literature (Pavitt, 1984; Kline and 
Rosenberg, 1986; von Hippel, 1988; Archibugi et al., 
1991), which has shown the existence of a multiplic- 
ity of interdependent sources of innovation. Besides 
activities generating new technological knowledge, 
special attention has also been attached to processes 

6 The value of the Concordant test is similar to that of R 2 in a 
standard regression. 

7 We thank an anonymous referee for urging us to stress this 
point. 
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of technology adoption and diffusion (both embodied 
and disembodied), an acknowledged sine qua non for 
technology to express its economic effects to the full 
(OECD, 1992b, 1996b; Evangelista, 1996). 

The relative importance of  the various sources 
should however also be measured using a common 
yardstick. The Community Innovation Survey at- 
tempted to do it according to an input measure such 
as innovation expenditure, i.e., the breakdown of  
innovation-related expenditures by items. Table 4 
shows the breakdown of  expenditure incurred to 
introduce innovations by firm size. The picture which 
emerges form the Table is very clear-cut. Industrial 
innovative processes consist, first and foremost, of  
the purchase and use of  'embodied'  technologies 
(innovative machinery and plants), which accounts 
for 47% of total expenditure on innovation, and, 
secondly, of efforts to generate and develop new 
knowledge inside firms, as measured by the percent- 
age of innovative spending for R & D  activities 
(35.8%). The other components play a relatively 
minor role: expenses incurred for design and trial 
production each account for 7% of total expenditure 
on innovation, while just 2% and 1.5% of the latter 
are allocated, respectively, to the purchase of  patents 
and licences and to marketing activities related to the 
introduction of  technological innovations. 

The distribution of  innovation expenditure shown 
in Table 4 not only reflects the distinctive profile of  
the Italian manufacturing industry--with its accentu- 
ated specialisation in medium and low technology 
sectors (Archibugi and Pianta, 1992). It highlights a 
more generalised pattern of innovation activities 

which holds across all European countries. This is 
clearly shown in Fig. 2 which shows the break-down 
of innovation costs across the main European coun- 
tries. The data shown in the Figure confirm the 
following: 

(i) R & D  activities are confirmed to be a central 
component of the technological activities of firms 
and as the most important 'intangible' innovation 
expenditure. Nonetheless, in all countries they ac- 
count for no more than one third of  total expendi- 
ture of European innovating firms; 
(ii) The largest part of  firms' innovation financial 
efforts is confirmed to be linked to the adoption 
and diffusion of technologies embodied in capital 
goods, across all European countries; 
(iii) Expenditure-wise, the acquisition of 'disem- 
bodied' technology through patents and licences 
emerges as a secondary innovation component 
when compared to the other technological sources; 
(iv) Other innovative activities, such as design 
expenses, play a secondary role with respect to the 
total expenditures sustained by manufacturing 
firms for introducing technological innovations. 
The importance of  the different sources of innova- 

tion in business strategies is, however, strongly influ- 
enced by firm size, especially as far as R & D  expen- 
diture and investment are concerned. Small firms 
have a high propensity to innovate by acquiring 
machinery and plants against the greater propensity 
of  large firms to internally generate new technolo- 
gies. Table 5, referring to the Italian Survey, shows 
that for firms with fewer than 50 employees, R & D  
activities account for 15% of total innovation expen- 

Table 4 
Innovation expenditure by firm size (% values) (Italian Survey) 

Classes of employees R&D Patents and Design Tooling-up and Market ing Innovative investment 
licenses trial production 

20-42 14.9 1.5 9.4 7.7 1.9 64.6 
50-99 16.3 1.3 8.4 8.5 1.7 63.8 
100-199 19.8 1.7 12.8 9.0 2.2 54.5 
200-499 27.6 2.2 9.1 9.6 2.2 49.3 
500-999 26.0 1.6 13.4 8.1 1.3 49.6 
1000 and over 46.7 0.8 4.8 5.7 1.2 40.8 
Total 35.8 1.2 7.4 6.9 1.5 47.2 

Source: See Table 1. 
Rows add up to 100%. 
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Fig. 2. Break-down of innovation costs across European countries (average values on 8729 innovating firms) *. 

diture against a percentage close to 47% in the case 
of firms with more than 1000 employees. Data on 
investment show an opposite pattern. Innovative in- 
vestments of firms with less than 200 employees 
account for more than 50% or more of total innova- 
tion expenditures. The other components of innova- 
tion also do not appear systematically correlated to 
firm size. All that emerges is the greater importance 
of design activities in intermediate size categories, 
with percentages over 10% of total innovation ex- 
penditures in firms with 100-200 and 500-1000 
employees. This again is a pattern which holds across 
most European countries (Evangelista et al., 1996). 

Table 5 allows to look in detail at the importance 
of the different sources of innovation across indus- 
tries. The Table allows us to identify industries 
traditionally defined as science-based in which activ- 
ities aimed at generating new technological knowl- 
edge play a fundamental role. Among the industries 
which allocate over 50% of total innovation expendi- 
ture to R&D, Office machinery and computers 
(64.8%), Radio, TV and Telecommunications 
(66.1%), Pharmaceuticals (66.7%) and Precision in- 
struments (54%) are found. Compared to other sci- 
ence-based sectors, Aerospace shows a conspicu- 
ously lower percentage of R & D expenditure 

(39.3%), although it does allocate sizeable portions 
of its total innovation expenditure to Trial production 
(22%) and Design (12%). The importance of design 
is much higher than the manufacturing average not 
only in the Aerospace, but also in the sectors which 
produce specialised machinery, such as Electrical 
and Mechanical machinery and Precision instru- 
ments. A noteworthy portion of innovation expendi- 
ture is allocated to design in Clothing. 

The acquisition of new machinery and plants is by 
far the prevalent source of technology for most 
traditional consumer good sectors, such as Wood 
(78.1%), Textiles (67.7%), Leather and footwear 
(63.4%), Food (66.7%), Metal products (67.5%) and 
capital-intensive sectors such as Printing and pub- 
lishing (77.2%), Paper (81.7%), Metals (79.9%), 
Rubber and plastic (57.3%) and Motor vehicles 
(57.8%). 

The last two columns of Table 5 show two indica- 
tors of innovation intensity, namely total innovation 
costs and the R & D  expenditures sustained by inno- 
vating firms in each industry divided by the total 
number of employees in each sector. Sectors are 
ranked according to the total innovation costs per 
employee. The top industries in terms of total re- 
sources devoted to innovation are Office machinery, 
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Table 5 
Innovation expenditure and innovative intensity by industry (Italian Survey) 

Industrialsectors Breakdown of innovation expenditure (% values) a Innovation intensity 

R&D Patents and Design Tooling-up Marketing Investment Innovation expend. R&Dexpend. 
licenses and trial prod. per employee b per employee b 

Office machinery 64.8 0.1 4.5 17.2 1.0 12.4 34.7 (l) 22.5 (1) 
Motor vehicles 36.7 0.2 1.9 3.2 0.2 57.8 27.6 (2) 10.1 (4) 
Radio, TV, telecom. 66.1 0.8 12.9 5.3 1.2 13.7 25.7 (3) 17.0 (2) 
Oil 6.8 1.0 8.5 4.3 0.2 79.2 24.7 (4) 1.7 (12) 
Aerospace 39.3 5.0 12.1 22.7 0.7 20.2 23.7 (5) 9.3 (5) 
Pharmaceuticals 66.7 4.5 4.3 4.4 2.1 18.0 22.7 (5) 15.1 (3) 
Metals 8.1 0.4 6.7 4.6 0.3 79.9 16.7 (7) 1.4 (13) 
Chemicals (excl. pharmac.) 42.9 1.1 3.6 3.9 4.5 43.9 11.3 (8) 4.9 (7) 
Precision instruments 54.0 1.4 12.4 8.9 2.0 21.3 9.5 (9) 5.1 (6) 
Other transport 21.8 0.4 20.7 7.3 5.7 44.2 7.7 (10) 1.7 (11) 
Synthetic fibres 30.6 2.4 2.0 7.1 2.3 55.6 7.7 (11) 2.4 (9) 
Electrical machinery 30.4 1.1 14.6 8.8 2.1 43.0 7.2 (12) 2.2 (10) 
Paper 7.2 0.4 4.7 4.6 1.4 81.7 7.2 (13) 0.5 (18) 
Mechanical machinery 36.0 1.9 15.0 11.8 2.2 33.1 7.0 (14) 2.5 (8) 
Printing and publishing 7.9 3.7 6.2 4.0 1.0 77.2 6.3 (15) 0.5 (20) 
Rubber and plastic 19.8 1.4 9.4 10.1 2.0 57.3 5.6 (16) 1.1 (14) 
Non mineral products 12.8 1.4 8.0 8.6 1.9 67.3 5.4 (17) 0.7 (17) 
Food, drink, tobacco 17.5 0.8 6.4 5.8 2.8 66.7 4.6 (18) 0.8 (15) 
Metal products 12.3 1.4 8.8 8.1 1.9 67.5 4.2 (19) 0.5 (19) 
Wood 9.7 0.7 3.7 6.5 1.3 78.1 3.7 (20) 0.4 (23) 
Other manufacturing 20.8 0.9 6.5 7.9 2.8 61.1 3.6 (21) 0.8 (16) 
Textile 12.2 0.5 8.9 8.8 1.9 67.7 3.5 (22) 0.4 (21) 
Leather and footwear 15.5 1.3 8.4 8.6 2.8 63.4 2.5 (23) 0.4 (22) 
Clothing 16.5 1.3 25.1 11.1 18.9 27.1 1.4 (24) 0.2 (24) 
Total 35.8 1.2 7.4 6.9 1.5 47.2 9.9 3.5 

Source: See Table 1. 
aRows add up to 100%. 
b 1992 millions of Italian lire (see Appendix A). Total innovation costs have been divided by the total number of employees in each sector, 
including both innovating and non-innovating firms. 
Ranking in brackets. 

Oil  products ,  M o t o r  vehic les ,  Pha rmaceu t i ca l s ,  Ra-  

dio, T V  and  T e l e c o m m u n i c a t i o n s ,  Me ta l s  and  

Aerospace .  Spec ia l i sed  sectors  in m a c h i n e r y  and  

e lec t ron ic  c o m p o n e n t s  revea l  an  ave rage  i n n o v a t i v e  

intensi ty .  The  indus t r ies  w h i c h  devo te  f ewes t  re- 

sources  pe r  e m p l o y e e  to i n n o v a t i v e  act iv i t ies  are: 

Clo th ing ,  Food,  Dr ink ,  T o b a c c o  and  R u b b e r  and  

plast ic .  W h a t  shou ld  be  h i gh l i gh t ed  here  is tha t  wi th  

the  excep t ion  of  few capi ta l  i n t ens ive  s e c t o r s - - w h i c h  

heav i ly  inves t  in the acqu i s i t ion  of  new  m a c h i n e r y  

and  e q u i p m e n t - - t h e  r a n k i n g  o f  indus t r ies  does  not  

c h a n g e  i f  it is m e a s u r e d  t h r o u g h  a t rad i t iona l  indica-  

tor  ba sed  on  R & D  expend i tu re  or us ing  a more  

c o m p r e h e n s i v e  i n n o v a t i o n  ind ica to r  such  as total  in-  

n o v a t i o n  expend i tu re  pe r  employee .  In o ther  words ,  

all S c i e n c e - b a s e d  indus t r ies  r e m a i n  the  lead ing  ac- 

tors  o f  t echno log ica l  change ,  i r respec t ive  o f  the  indi-  

ca tor  used.  

5. The role of  small and large firms in innovation 

The  re l a t ionsh ip  b e t w e e n  i n n o v a t i o n  and  f i rm size 

has  b e e n  deal t  w i th  o v e r  the  last  two decades  by  a 

vas t  a m o u n t  o f  empi r i ca l  l i terature.  T w o  m o d e l s  o f  

indus t r ia l  and  t echno log ica l  d e v e l o p m e n t  have  of ten  

b e e n  cont ras ted :  on  the  one  hand ,  the  m o d e l  ba sed  

on  large f i rms,  cha rac te r i sed  by  rad ica l  i n n o v a t i v e  

p rocesses  cen t red  on  R & D  act ivi t ies ;  on  the  other ,  

the m o d e l  o f  indus t r ia l  o rgan i sa t i on  b a s e d  on  smal l  
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Table 6 
Intensity and concentration of innovative activities by firm size (Italian Survey) 

531 

Classes of employees Innovating firms Total firms Concentration of technological 
activities and sales 
(innovating firms, % values) 

Innovation expend. R&D expend. Innovation expend. R&D expend. Innovation R&D Sales 
per employee per employee per employe& per employee a expend,  expend 

20-49 14.7 2.2 4.0 0.6 8.1 3.4 15.0 
50-99 12.3 2.0 5.1 0.8 6.8 3.1 9.6 
100-199 11.7 2.3 5.7 1.1 7.3 4.0 10.3 
200-499 11.8 3.3 7.1 1.9 10.2 7.9 12.9 
500-999 16.4 4.3 12.2 3.2 11.2 8.1 8.2 
1000 and over 18.3 8.5 16.7 7.8 56.4 73.6 43.9 
Total 15.7 5.6 9.7 3.5 100.0 100.0 100.0 

Source: See Table 1. 
Data are expressed in 1992 millions of Italian lire (see Appendix A). 
aThe index considers the employees of both innovating firms and non-innovating firms to the denominator, whereas the innovation 
expenditure of innovating firms alone is obviously shown to the numerator. 

firms, characterised by informal innovative activities 
but technologically 'creat ive '  nonetheless (for an 
overview, cf. Cohen, 1995). 

(i) by comparing the innovation intensity of large 
and small firms, considering innovating firms only; 
(ii) by considering the relative contribution of 
large and small firms to the overall innovation 
performances of  a given economic system; 
(iii) by considering the innovation intensity of 
large and small firms, including both innovating 
and non-innovating firms. 
The data provided by the Italian Survey allow us 

to analyse the relationship between innovation and 
firm size on the basis of  all the three methodologies 
recalled above. The results are shown in Table 6. 
The first two columns show data on firms'  expendi- 
ture per employee,  taking into account total innova- 
tion and R & D expenditure respectively for the sam- 
ple of innovating firms only. Column 2 confirms that 
large firms are much more R & D-intensive than small 
ones (see, for example,  Soete, 1979); this is hardly 
surprising since R & D  is an innovative source which 
requires a minimum threshold and it does not 'cap- 
ture' the innovative effort typical of small firms. But 
when a much more comprehensive indicator such as 
total innovation expenditure is considered (column 1 
of  Table 6), it emerges that innovative small firms 
are not substantially disadvantaged compared to their 
larger competitors. In fact, the data show an u-shaped 

curve: the innovation intensity of firms with fewer 
than 100 employees is higher than that of firms in 
the intermediate size groups, despite the fact that it is 
still lower than that of  firms with more than 1000 
employees.  8 This result is totally consistent with the 
analyses of Pavitt et al. (1987) and Acs and Au- 
dretsch (1990), which have taken into account the 
universe of  innovating firms without considering 
firms which do not introduce innovations. 

However,  the indicators shown in the first two 
columns of  Table 6 fail to take into account that the 
number of  innovating firms considerably differs be- 
tween small and large firms. This aspect is crucial 
when the role in innovation of large and small firms 
wants to be assessed. As already shown in Table 1, 
84% of  larger Italian firms are innovative whereas 
such percentage drops to 26% for smaller firms. This 
is a pattern which is found also across all other 
European countries (Evangelista et al., 1996). 

Columns 3 and 4 of  Table 6 report respectively 
the average values per employee of  innovation ex- 

8 In considering average values per size class, we obviously 
neglect the albeit significant specificities of sectors. For an analy- 
sis of the relationship between innovation intensity and firm size 
at the level of the main industrial sectors, see Archibugi et al. 
(1995b). 
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Table 7 
Distribution of total sales according to the type of innovation introduced (% values) ~ (Italian Survey) 

Industrial sectors Percentage of sales 

Not Innovated by Innovated by incremental Innovated by significantly Total 
innovated process innovations product innovations new products sales 

Office machinery 19.1 7.9 16.4 56.6 100 
Electrical machinery 50.9 13.6 20.3 15.2 100 
Radio, TV, telecom. 43.2 20.4 23.0 13.4 100 
Aerospace 37.7 24.7 12.6 25.0 100 
Chemicals (excl. pharmac.) 69.2 12.9 11.4 6.5 100 
Pharmaceuticals 70.1 8.5 8.7 12.7 100 
Synthetic fibres 58.3 13.5 19.4 8.9 100 
Mechanical machinery 56.7 11.9 19.0 12.4 100 
Precision instruments 57.9 9.4 18.6 14.1 100 
Motor vehicles 53.4 7.4 24.6 14.6 100 
Other transport 41.3 19.5 23.2 16.1 100 
Rubber and plastic 64. l 15.0 13.2 7.7 100 
Metals 53.3 37.9 6.0 2.8 100 
Printing and publishing 63.1 28.2 3.6 5.1 100 
Paper 69.7 15.2 9.7 5.4 100 
Food, drink, tobacco 78.3 13.0 5.8 2.9 100 
Textile 74.9 13.2 6.7 5.3 100 
Clothing 86.5 8.7 2.6 2.3 100 
Leather and footwear 82.1 7.1 4.8 6.0 100 
Wood 84.4 9.2 3.0 3.4 100 
Metal products 73.0 14.6 6.9 5.5 100 
Mineral and non mineral pr. 77.2 11.5 7.0 4.3 I00 
Other manufacturing 73.9 11.7 8.0 6.4 100 
Oil 63.4 18.3 10.2 8.0 100 
Total 62.5 18.2 10.7 8.6 100 

Source: See Table 1. 
aIncluding the sales of non-innovating as well innovating firms. 

pend i tu re  and  the R & D  expend i t u r e  for  all I ta l ian  

f i rms par t i c ipa t ing  in the  survey.  9 T he  pos i t ive  rela-  

t ionsh ip  b e t w e e n  i n n o v a t i o n  in tens i ty  ( in  a b r o a d  

sense)  and  f i rm size s t rongly  re -emerges .  T he  aver-  

age i n n o v a t i o n  expend i tu re  pe r  e m p l o y e e  wi th  ove r  

1000 e m p l o y e e s  is 16.7 mi l l ion  lire, wh i l e  for  f i rms  

wi th  2 0 - 5 0  e m p l o y e e s  it is on ly  4 mi l l ion  lire. This  

d i f fe rence  has  to do wi th  the  fact  that ,  a l t hough  smal l  

9 Since it is our intention here to measure the total innovation 
intensity of each group of firms (by size or industrial sector), the 
index considers the employees of both innovating firms and 
non-innovating firms to the denominator, whereas the innovation 
expenditure of innovating firms alone is obviously shown to the 
numerator. 

i n n o v a t i n g  f i rms are not  less i n n o v a t i v e  than  large 

f i rms,  they are no t  r ep resen ta t ive  o f  the  overa l l  

p roduc t ive  un ive r se  of  smal l  f i rms.  

Final ly ,  the  las t  three  c o l u m n s  of  Tab le  6 a l low us 

to assess  the  e f fec t ive  e c o n o m i c  and  t echno log ica l  

w e i g h t  o f  large  and  smal l  en te rp r i ses  in the  I ta l ian 

m a n u f a c t u r i n g  industry .  The  p ic ture  w h i c h  emerges  

is one  of  a h igh  level  of  concen t r a t i on  o f  t echno log i -  

cal  act ivi t ies .  The  161 f i rms  wi th  ove r  1000 employ-  

ees  c o v e r  5 6 %  of  total  i n n o v a t i o n  expend i t u r e  and  

ove r  7 4 %  of  R & D  expendi tu re .  The  role  of  the  5602  

i n n o v a t i n g  f i rms wi th  f ewer  than  100 e m p l o y e e s  

appea r s  r a the r  l imited.  T h e s e  f i rms accoun t  for  on ly  

15% of  total  i n n o v a t i o n  expend i t u r e  and  jus t  6 .5% of  

R & D expendi ture .  The  t echno log ica l  w e i g h t  o f  smal l  

f i rms  is thus  m u c h  lower  than  the i r  e c o n o m i c  we igh t  

in t e rms  of  t u rnove r  (25%).  
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6. The output generated by innovation 

We have so far considered the inputs devoted by 
firms to innovation. This is only one way to measure 
technological change in industry (the consistency of 
a variety of innovation indicators is explored in 
Hollenstein, 1996 and in Calvert et al., 1996, using 
CIS data). But the intensity of innovation can also be 
measured according to output indicators. The Com- 
munity Innovation Survey offers a significative indi- 
cator of innovation output, namely the part of firm 
total sales due to innovation. This does not measure 
the economic impact of innovation (such as the 
productivity-based indices reviewed in Griliches, 
1995), but rather it provides direct information on 
how a firm, an industry or even an economic system 
as a whole have changed their production output in 
relation to innovation. 

Table 7 shows the distribution of sales according 
the nature of the innovations introduced broken down 

by industries. Looking at the Italian manufacturing 
sector as a whole as much as 62.5% of the sales have 
not been affected at all by innovation. If we exclude 
the Office machinery sector, where non innovated 
turnover account for 19.1% only, even in high-tech 
industries there is a remarkable share of non-innovat- 
ing sales. The most remarkable result is represented 
by Chemicals and Pharmaceuticals, with a share of 
non-innovating sales which reach 70%. 

The data also allow to decompose innovative 
sales between process innovations, incremental prod- 
uct innovations and significantly new products. Also, 
these data (shown in Table 7) highlight, first and 
foremost, the gradual and incremental nature of firms' 
innovative activities. 18.2% of turnover was inno- 
vated by introducing process innovations and 10.7% 
through the introduction of incremental improve- 
ments of pre-existing products. Only the remaining 
8.6% of turnover of the Italian manufacturing sector 
referred to totally new products. 

Table 8 
Sales according to the degree of novelty of the product innovations introduced (% values) a (Italian Survey) 

Industrial sectors New for the firm New for the Italian market New in absolute terms 

Office machinery 17.2 24.0 15.5 
Electrical machinery 5.5 8.5 1.2 
Radio, TV, telecom. 8.7 2.8 1.9 
Aerospace 2.3 15.7 7.0 
Chemicals (excl. pharmac.) 4.1 2.3 0.2 
Pharmaceuticals 4.9 5.1 2.7 
Synthetic fibres 5.0 3.6 0.2 
Mechanical machinery 6.2 2.9 3.3 
Precision instruments 8.6 3.0 2.5 
Motor vehicles 1.5 9.3 3.8 
Other transport 6.1 7.6 2.4 
Rubber and plastic 3.7 2.2 1.8 
Metals 1.0 1.6 0.2 
Printing and publishing 2.9 1.8 0.5 
Paper 4.2 1.0 0.2 
Food, drink, tobacco 1.6 1.2 0.1 
Textile 2.6 1.4 1.3 
Clothing 1.3 0.5 0.5 
Leather and footwear 2.3 1.4 2.3 
Wood 1.8 1.4 0.2 
Metal products 3.1 1.4 1.0 
Mineral and non mineral pr. 2.6 0.9 0.7 
Other manufacturing 3.8 1.7 1.0 
Oil 4.1 3.1 0.7 
Total 3.6 3.8 1.2 

Source: See Table 1. 
alncluding the sales of non-innovating as well innovating firms. 
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A further qualification of  the quality of innova- 
tions can be assessed by taking into account the 
degree of novelty of the products introduced. The 
results are reported in Table 8 which shows the 
percentages of  the total sales of  the Italian industry 
related to the introduction of products which are (i) 
new for the firm, (ii) new for the Italian market, and 
(iii) new in absolute terms. Again, the figures in the 
Table show that it is a very small fraction of eco- 
nomic output which is affected by technological 
activities. For the Italian manufacturing sector as a 
whole sales linked to introduction of products new in 
absolute terms represent only 1.2% of total manufac- 
turing sales in 1992, while products new for the 
Italian market, or new only for the firm, represent 
3.8% and 3.6% of total manufacturing turnover of  
Italian turnover. The incremental nature of techno- 
logical change seems a feature which characterise 
not only traditional industries but also some of the 
most typical science based sectors such as Radio, TV 
and Telecommunications and Chemicals. Equally, 
rather low shares are found in specialised industries 
such as Mechanical machinery and Precision instru- 
ments. The little impact that innovation has on firms' 
output might reflect the relatively backwardness of 
the Italian productive system also in industrial sec- 
tors characterised by high technological opportuni- 
ties. ~o However, we believe that first and foremost 
such results suggest that the pace of  technological 
change in an economic system is probably slower 
than generally believed. 11 

7. Conclusions 

The analysis of the results of the Italian Survey 
has allowed to empirically address three main issues 
of industrial innovation: the spread of  innovation in 
the manufacturing industry, the nature of firms' tech- 
nological activities and the outcome of  innovation. In 
some cases, the evidence presented has allowed to 

~0 This is also confirmed by Calvert et al. (1996), which using 
the CIS dataset have analysed the impact of innovation on output 
in the different European countries. 

l~ For a comparison at the industry level of inputs and outputs 
from innovation, see Sterlacchini (1996). 

confirm known findings though on the basis of a 
more robust empirical data; in others, it has allowed 
to quantify phenomena which were not so far mea- 
sured, and on other occasions to rectify some gener- 
ally hold views. All in all, the evidence presented 
shows that the measurement of innovation by firm- 
based surveys provides relevant information both for 
researchers and policy-makers. Much more informa- 
tion can be squeezed out by the Community Innova- 
tion Survey. Due to a only partial international com- 
parability of  CIS data we have chosen to present data 
on the other European countries only to highlight 
some broad regularities in innovation patterns which 
hold across most European countries. 

The major findings of this article can be sum- 
marised as follows. 

Firms rely on a variegated range of  innovation 
sources. Although R & D  represents a crucial source 
for the generation of innovations and it is the single 
most important intangible source of  innovation, it 
absorbs just above one third of total innovation 
expenditures. The largest part of firms' innovation 
financial efforts is linked to the adoption and diffu- 
sion of  technologies embodied in capital goods. The 
evidence presented also confirms that innovation pat- 
terns vary significantly across industries and firm 
size. This finding suggests that sector and firm- 
specific policy measures are highly advisable. 

Only a fraction of small firms innovate. We have 
shown that innovating small firms are just a minority 
and that this is true irrespective of (albeit important) 
sectoral specificities and the geographical location of  
the firms. Small firms which introduce innovations 
are however not substantially less innovative than 
their larger competitors. The evidence presented sug- 
gest therefore that, to foster the economic perfor- 
mance of small firms, it is more important to broaden 

rather than intensify the innovating industrial base. 
The leading sectors in innovation remain the same 

irrespective of  the technological indicator used. In 
order to measure the innovative intensity of indus- 
tries, in this article we have used a very comprehen- 
sive technological indicator such as total innovation 
expenditure. While the Italian Survey has confirmed 
that there is much ground to enlarge the understand- 
ing and measurement of  technological change from a 
narrow R & D concept to a wider innovation concept, 
it has also shown that the ranking of industries 
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according their innovativeness only to a limited ex- 
tent depends upon the indicator used. 

Technological change is very cumulative in na- 
ture. Data on innovation output confirm the very 
cumulative nature of technical progress. Over a 
three-year period, the percentages of sales linked to 
the introduction of new products represent only a 
small portion of total turnover both at the level of all 
manufacturing industry and also in many industries 
characterised by high technological opportunities. 
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Appendix A 

The Italian Survey and CIS cover innovative ac- 
tivities undertaken in manufacturing industry in the 
period 1990-1992. Firms were asked whether they 
had introduced innovations during such a three years 
period. With reference to the same period, firms 
were asked another set of qualitative questions on 
objectives and obstacles of innovation, and sources 
of information used. Some more quantitative data on 
firms' innovation inputs and outputs have been col- 
lected on a one year basis. In particular, firms where 
asked to provide data on their innovation expendi- 
tures and innovative sales for the year 1992 only. 
Accordingly, the figures on innovation expenditures 
reported in Tables 4 -6  (for Italy) and Fig. 2 (for the 
other European countries) refer to 1992 only. The 
data on firms' innovated sales reported in Tables 7 
and 8 also refer to 1992 although the definition of 
innovative sales includes product and process inno- 
vations introduced during the period 1990-1992. 

In Figs. 1 and 2, 'micro aggregations' of the 
original data carried out by EUROSTAT have been 
used. This in order to protect confidentiality. The 

results represent however a very accurate estimation 
of the 'true' values which will be later produced by 
EUROSTAT. 

Estimations on the percentage of innovating firms 
in Europe shown in Fig. 1 have been computed using 
the raising factors (weights) provided by EURO- 
STAT in order to re-proportionate the national sam- 
ple to the populations from which the samples have 
been drawn. The above procedure has not be used 
for the analysis of the data on innovation costs 
shown in Fig. 2 because of the large number of 
missing values in the relevant questionnaire section. 
The reproportioning to the statistical population 
would have yielded highly distorted estimates. The 
average values reported in Fig. 2 are therefore calcu- 
lated summing up the percentages of the manufactur- 
ing firms that in each country have filled out the 
innovation cost section of the questionnaire. This 
implies that all firms have been attributed the same 
weight. 

A more detailed analysis of the Community Inno- 
vation Survey and data on innovation costs is con- 
tained in Evangelista et al. (1996) and in a earlier 
EIMS-CIS report: STEP-ISRDS 'Patterns of innova- 
tion input, innovation costs, non-research and intan- 
gible inputs--Analysis of the data from the Commu- 
nity Innovation Survey'. 

References 

Acs, Z., Audretsch, D., 1990, Innovation and Small Firms. MIT 
Press, Cambridge, MA. 

Archibugi, D., 1988. In search of a useful measure of technologi- 
cal innovation. Technological Forecasting and Social Change 
34, 253-277. 

Archibugi, D., Cesaratto, S., Sirilli, G., 1991. Sources of innova- 
tive activities and industrial organization in Italy. Res. Policy 
20, 299-313. 

Archibugi, D., Pianta, M., 1992. The Technological Specialization 
of Advanced Countries. Kluwer, Dordrecht. 

Archibugi, D., Cohendet, P., Kristensen, A., Sch~iffer, K.A., 1995a. 
Evaluation of the Community Innovation Survey, IKE Group, 
Aalborg, Sprint/Eims Report. 

Archibugi, D., Evangelista, R., Simonetti, R., 1995b. Concentra- 
tion, firm size and innovation. Evidence from innovation costs. 
Technovation 15, 153-163. 

Calvert, J., Ibarra, C., Patel, P., Pavitt, K., 1996. Innovation 
outputs in European industry: Analysis from CIS, paper pre- 
sented to the International conference on innovation measure- 
ment and policies, Luxembourg, May 20-21. 



536 R. Evangelista et al. / Research Policy 26 (1997) 521-536 

Cesaratto, S., Mangano, S., Sirilli, G., 1991. The innovation 
behaviour of Italian firms: a survey on technological innova- 
tion and R&D. Scientometrics 21, 115-141. 

Cohen, W.M., 1995. Empirical studies of innovative activities, in: 
Stoneman, P. (Ed.), Handbook of the Economics of Innovation 
and Technical Change. Btackwell, Oxford. 

Coombs, R., Narandren, P., Richards, A., 1996. A literature-based 
innovation output indicator. Res. Policy 25, 403-413. 

Evangelista, R., 1996. Embodied and Disembodied innovative 
activities: evidence from the Italian innovation survey, in: 
OECD, 1996a, Innovation, Patents and Technological Strate- 
gies. OECD, Paris. 

Evangelista, R., Sandven T., Sirilli, G., Smith, K., 1996. Measur- 
ing the cost of innovation in European industry, paper pre- 
sented to the International conference on innovation measure- 
ment and policies, Luxembourg, May 20-21. 

Geroski, P.A., Van Reenen, J., Walters, C.F., 1996. How persis- 
tently do firms innovate? mimeo. 

Griliches, Z., 1995. R&D and productivity: econometric results 
and measurement issues, in: Stoneman, P. (Ed.), 1995, Hand- 
book of the Economics of Innovation and Technical Change. 
Blackwell, Oxford. 

Hansen, J.A., 1992. New Indicators of Industrial Innovation in Six 
Countries: A Comparative Analysis, US National Science 
Foundation, Final Report, June. 

Hollenstein, H., 1996. A composite indicator of a firm's innova- 
tiveness. An empirical analysis based on survey data for Swiss 
manufacturing. Res. Policy 25, 633-645. 

Istat, 1995. Indagine sull'innovazione tecnologica, anni 1990- 
1992. Istat, Rome. 

Kleinknecht, A., Bain, D. (Eds.), 1993. New Concepts in Innova- 
tion Output Measurement. Macmillan, Houndmill. 

Kleinknecht, A., Reijnen, J.O.N., 1991. More evidence on the 
undercounting of small firm R&D. Res. Policy 20, 579-587. 

Kline, S.J., Rosenberg, N., 1986. An Overview on Innovation, in: 
R. Landau, N. Rosenberg, 1986, The Positive Sum Strategy. 
National Academy Press, Washington, DC. 

Malerba, F., Orsenigo, L., 1995. Schumpeterian patterns of inno- 
vation. Cambridge J. Econ. 19, 47-65. 

OECD, 1992a. Proposed Guidelines for Collecting and Interpret- 

ing Technological Innovation Data. Oslo Manual. OECD, 
Paris. 

OECD, 1992b. Technology and the Economy: the Key Relation- 
ships. OECD, Paris. 

OECD, 1996b. Science, Technology and Industry Outlook. OECD, 
Paris. 

OECD-EUROSTAT, 1997. Proposed Guidelines for Collecting 
and Interpreting Technological Innovation Data--Oslo Man- 
ual. OECD, Paris. 

Pavitt, K., 1984. Sectoral patterns of technological change: toward 
a taxonomy and a theory. Res. Policy 13, 343-373. 

Pavitt, K., Robson, M., Townsend, J., 1987. The size distribution 
of innovating firms in the UK: 1945-1983. J. Ind. Econ. 35, 
297-315. 

Rosenberg, N., 1994. Exploring the Black Box. Cambridge Univ. 
Press, Cambridge. 

Santarelli, E., Piergiovanni, R., 1996. Analysing literature-based 
innovation output indicators: the Italian experience. Res. Pol- 
icy 25, 689-711. 

Scholz, L., 1992. Innovation surveys and the changing structure of 
investment in different industries in Germany, STI Review, 
11. 

Schumpeter, J.A., 1934. The Theory of Economic Development. 
Harvard Univ. Press, Cambridge, MA. 

Schumpeter, J.A., 1942. Capitalism, Socialism and Democracy. 
Harper, New York. 

Soete, L.G., 1979. Firm size and innovative activity. Eur. Econ. 
Rev. 12, 319-330. 

STEP-ISRDS, 1996. Patterns of innovation input, innovation costs, 
non-research and intangible inputs--Analysis of the data from 
the Community Innovation Survey, mimeo. 

Sterlacchini, A., 1996. Inputs and outputs of innovative activities 
in Italian manufacturing, Quaderni di Ricerca, Universith degli 
Studi di Ancona, Dipartimento di Economia, 78. 

Townsend, J., Henwood, F., Thomas, G., Pavitt, K., Wyatt, S., 
1981. Innovations in Britain since 1945, Occasional paper, 16, 
Sprn, Univ. of Sussex, UK. 

von Hippel, E., 1988. The Sources of Innovation. Oxford Univ. 
Press, New York. 


