
Montréal
Juin 2000

Sér ie Scientifique
Scientific Series

2000s-20

Towards an Innovation Intensity
Index: The Case of CIS 1 in

Denmark and I reland

Pierre Mohnen, Marcel Dagenais



CIRANO

Le CIRANO est un organisme sans but lucratif constitué en vertu de la Loi des compagnies du Québec. Le
financement de son infrastructure et de ses activités de recherche provient des cotisations de ses organisations-
membres, d’une subvention d’ infrastructure du ministère de la Recherche, de la Science et de la Technologie, de
même que des subventions et mandats obtenus par ses équipes de recherche.

CIRANO is a private non-profit organization incorporated under the Québec Companies Act. Its infrastructure and
research activities are funded through fees paid by member organizations, an infrastructure grant from the
Ministère de la Recherche, de la Science et de la Technologie, and grants and research mandates obtained by its
research teams.

Les organisations-par tenaires / The Par tner  Organizations

•École des Hautes Études Commerciales
•École Polytechnique
•Université Concordia
•Université de Montréal
•Université du Québec à Montréal
•Université Laval
•Université McGill
•MEQ
•MRST
•Alcan Aluminium Ltée
•AXA Canada
•Banque Nationale du Canada
•Banque Royale du Canada
•Bell Québec
•Bombardier
•Bourse de Montréal
•Développement des ressources humaines Canada (DRHC)
•Fédération des caisses populaires Desjardins de Montréal et de l’Ouest-du-Québec
•Hydro-Québec
•Imasco
•Industrie Canada
•Pratt & Whitney Canada Inc.
•Raymond Chabot Grant Thornton
•Ville de Montréal

© 2000 Pierre Mohnen et Marcel Dagenais. Tous droits réservés. All rights reserved.
Reproduction partielle permise avec citation du document source, incluant la notice ©.
Short sections may be quoted without explicit permission, provided that full credit, including © notice, is given to
the source.

ISSN 1198-8177

Ce document est publié dans l’ intention de rendre accessibles les résultats préliminaires
de la recherche effectuée au CIRANO, afin de susciter des échanges et des suggestions.
Les idées et les opinions émises sont sous l’unique responsabilité des auteurs, et ne
représentent pas nécessairement les positions du CIRANO ou de ses partenaires.
This paper presents preliminary research carried out at CIRANO and aims at
encouraging discussion and comment. The observations and viewpoints expressed are the
sole responsibility of the authors. They do not necessarily represent positions of CIRANO
or its partners.



Towards an Innovation Intensity Index:
The Case of CIS 1 in Denmark and I reland*

Pierre Mohnen†, Marcel Dagenais ‡

Résumé / Abstract

Cet article a pour objet de construire un indicateur synthétique de
l’ innovation, qui résulte d’une prédiction économétrique de la probabilité
d’ innover et du montant d’ innovation que fera une firme, conditionnelle à ses
caractéristiques et à celles de l’environnement dans lequel elle opère. Cet
indicateur se fonde sur différentes informations de nature qualitative et
quantitative comprises dans l’enquête innovation. L’ indicateur permet de
comparer les performances d’ innovation entre secteurs, régions ou pays, pour
autant que les enquêtes soient suffisamment homogènes. Cet article applique la
nouvelle mesure aux données de l’enquête innovation CIS 1 du Danemark et de
l’ Irlande.

The purpose of this paper is to propose a composite innovation indicator
derived from an econometric prediction of the likelihood of innovating and of the
amount of innovation performed by a particular firm, given information on its
characteristics and on the environment in which it operates. The indicator is
constructed from various pieces of information contained in the Community
Innovation Surveys. It combines qualitative and quantitative data. It allows the
comparison of innovativeness across industries or classes of firms in a particular
country. To the extent that the national innovation surveys are sufficiently
homogeneous, it also allows comparisons across countries. This paper applies the
proposed indicator to the CIS 1 data for Denmark and Ireland.
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Table 1
Data selection: criteria and outcome
CIS I micro-aggregated data, 1992

Criteria Denmark Ireland

Original number of observ. 674 999
Minus small enterprises 644 762
Minus missing industry

affiliation
638 762

Minus very high and small
growth rates

578 718

Minus too high and small
R&D/sales and innov/sales

559 692
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Table 2
Partial innovation indicators: count measures

Denmark and Ireland, CIS I, micro-aggregated data, 1992

DENMARK

Industry
NACE code

Number of
firms

Industry
distribution

of firms
(in %)

% of
innovating

firms

% of firms
with

products
new to

industry

% of R&D
performers

FOOD 72 12.9 50.0 30.6 43.0
TEXTILE 24 4.3 50.0 25.0 33.3
WOOD 69 12.3 44.9 15.9 20.3
CHEM. 32 5.7 84.4 65.6 78.1

PLASTIC 32 5.7 65.6 37.5 62.5
NON-MET 28 5.0 67.9 50.0 57.1
METALS 78 14.0 61.5 43.6 48.7

M&E 97 17.4 72.2 55.7 64.9
ELECTRIC 64 11.4 82.8 67.2 78.1

VEHIC 27 4.8 63.0 44.4 63.0
NEC 36 6.4 38.9 25.0 25.0
Total 559 100.0 62.3 42.8 52.1

IRELAND

Industry
NACE code

Number of
firms

Industry
distribution

of firms
(in %)

% of
innovating

firms

% of firms
with

products
new to

industry

% of R&D
performers

FOOD 101 14.6 63.4 - 59.4
TEXTILE 68 9.8 76.5 -        64.7
WOOD 84 12.1 45.2 - 41.7
CHEM. 80 11.6 73.8 -        68.7

PLASTIC 52 7.5 71.2 - 57.7
NON-MET 31 4.5 64.5 - 61.3
METALS 69 10.0 62.3 - 56.5

M&E 50 7.2 70.0 - 62.0
ELECTRIC 108 15.6 83.3 - 74.1

VEHIC 16 2.3 62.5 - 43.7
NEC 33 4.8 69.7 - 60.6
Total 692 100.0 68.1 - 60.7
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Table 3
Partial innovation indicators: quantitative measures (in percentages)

Denmark and Ireland, CIS I, micro-aggregated data, 1992

DENMARK

Industry
NACE code

Expenditures of
R&D/total sales

Current
Innovation

expenditures
/total sales

Sales of new
products/total

sales

Sales of
products new to
industry/total

sales
All

firms
innova

tors
All

firms
Innova

tors
All

firms
Innova

tors
All

firms
innova

tors
FOOD 1.3 2.5 0.5 0.9 12.1 22.6 4.4 8.1

TEXTILE 1.0 1.9 1.2 2.3 41.8 79.2 18.2 34.5
WOOD 0.4 0.5 1.2 1.6 26.2 35.9 3.8 5.2
CHEM. 7.4 8.8 4.5 5.4 43.9 53.3 19.2 23.3

PLASTIC 2.0 2.8 2.8 3.8 21.5 29.9 3.2 4.5
NON-MET 0.9 1.1 1.7 2.1 13.7 16.9 3.3 4.0
METALS 2.4 3.2 1.9 2.6 26.3 35.8 3.7 5.0

M&E 5.9 6.5 2.7 3.0 60.2 66.7 14.9 16.5
ELECTRIC 7.8 8.4 7.5 8.0 45.0 48.1 18.1 19.4

VEHIC 3.5 3.7 3.8 4.0 80.3 84.0 46.5 48.7
NEC 1.2 2.1 1.4 2.6 25.9 47.1 5.1 9.4
Total 3.5 4.7 2.5 3.3 35.5 47.6 12.7 16.9

Small firms* 2.0 3.2 2.4 4.0 24.5 39.7 6.8 11.1
IRELAND

Industry
NACE code

Expenditures of
R&D/total sales

Current
Innovation

expenditures
/total sales

Sales of new
products/total

sales

Sales of
products new to
industry/total

sales
All

firms
Innova

tors
All

firms
Innova

tors
All

firms
Innova

tors
All

firms
Innova

tors
FOOD 0.7 1.0 0.6 0.8 21.1 32.1 - -

TEXTILE 1.1 1.3 1.6 2.0 30.3 37.3 - -
WOOD 1.2 1.6 2.5 2.7 21.8 35.1 - -
CHEM. 2.5 3.1 3.7 4.6 27.8 36.0 - -

PLASTIC 1.3 1.5 2.7 3.1 44.7 51.2 - -
NON-MET 0.4 0.4 1.2 1.2 37.5 38.1 - -
METALS 1.4 2.6 2.3 3.2 31.2 51.1 - -

M&E 0.8 0.9 3.5 3.8 64.5 74.0 - -
ELECTRIC 2.3 2.6 5.5 6.1 49.6 55.4 - -

VEHIC 1.2 1.4 2.5 3.1 21.1 28.4 - -
NEC 0.7 0.9 2.0 2.6 24.4 33.6 - -
Total 1.3 1.6 2.2 2.8 31.5 41.0 - -

Small firms* 2.2 3.0 3.9 5.3 29.4 39.2 -- -
*Small firms are defined as those with below medium sales
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Table 4
Correlations between partial innovation indicators for innovating firms

Denmark and Ireland, CIS I, micro-aggregated data, 1992

Current innovation
expenditures/total

sales

Sales of new
products/total sales

Sales of products new
to industry /total sales

Denmark Ireland Denmark Ireland Denmark Ireland

R&D/total
sales

0.63 0.68 0.06 0.09 0.08 -

Current
innovation
expendit.
/total sales

0.08 0.01 0.09 -

Sales of
new

products
/total sales

0.47 -
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Table 5
Summary statistics: Denmark and Ireland

CIS I, micro-aggregated data, 1992
(sample mean with sample standard deviation in parenthesis for continuous variables)

Variable Denmark Ireland
Dummy for innovators 0.623 0.681

% in sales of innovative products 0.266
(0.294)

0.290
(0.308)

Dummy for 50-99 employees 0.242 0.249

Dummy for 100-249 employees 0.304 0.194

Dummy for 250-499 employees 0.141 0.090

Dummy for 500-999 employees 0.047 0.028

Dummy for >999 employees 0.032 0.007

Dummy for being part of a group 0.658 0.606

Sales growth (1990-92) 0.082
(0.230)

0.162
(0.235)

R&D/sales 0.023
(0.048)

0.020
(0.036)

Dummy for doing R&D
continuously

0.340 0.464

Dummy for doing cooperative
R&D

0.379 0.262
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Table 6. Maximum likelihood estimates of a generalized tobit model of innovative sales
Denmark, CIS I, micro-aggregated data, 1992

Variables
Propensity to

innovate
Asymptotic

t-value
Intensity of
innovation

Asymptotic t-
value

Constant -0.631 -3.28 -2.550 -6.92
TEXTILE 0.395 1.32 1.751 3.18
WOOD 0.098 0.44 -0.192 -0.46
CHEM. 0.848 2.85 0.882 1.82

PLASTIC 0.314 1.15 0.242 0.51
NON-MET 0.495 1.71 -0.522 -1.04
METALS 0.365 1.63 -0.041 -0.10

M&E 0.763 3.64 1.169 3.20
ELECTRIC 0.865 3.60 1.307 3.19

VEHIC 0.805 2.73 1.378 2.73
NEC -0.041 -0.14 0.463 0.85

50-99 employees 1.311 1.10 - -
100-249 employees 0.219 1.75 - -
250-499 employees 0.564 3.25 - -
500-999 employees 0.350 1.41 - -
> 999 employees 1.431 3.01 - -

Number of employees - - 0.076 0.98
Part of a group 0.459 3.79 0.541 2.62

Sales growth rate:
1990-1992

0.027 0.47 0.010 0.11

R&D/sales - - 0.019 0.26
Doing R&D on a
continuous basis

- - 0.345 2.17

Doing cooperative
R&D

- - 0.209 1.31

Estimated standard
error of error term

1 (assumed) - 1.885 18.90

Correlation coefficient
ρ - 0.921 1.24
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Table 7. Maximum likelihood estimates of generalized tobit
Ireland, CIS I, micro-aggregated data, 1992

Variables
Propensity to

innovate
Asymptotic

t-value
Intensity of
innovation

Asymptotic
t-value

Constant 0.540 0.41 -2.343 -7.78
TEXTILE 0.560 2.92 1.438 3.75
WOOD -0.357 -2.02 -0.165 -0.42
CHEM. 0.231 1.28 0.365 0.99

PLASTIC 0.249 1.21 0.557 1.32
NON-MET 0.206 0.86 0.031 0.07
METALS 0.263 1.35 0.178 0.45

M&E 0.401 1.93 1.73 4.00
ELECTRIC 0.513 2.94 1.176 3.42

VEHIC 0.061 0.18 0.435 0.62
NEC 0.449 1.84 0.664 1.34

50-99 employees 0.197 2.22 - -
100-249 employees 0.039 0.40 - -
250-499 employees 0.361 2.37 - -
500-999 employees 1.189 4.05 - -
> 999 employees 0.441 0.79 - -

Number of employees - - 0.108 1.21
Part of a group 0.132 1.20 0.018 0.08

Sales growth rate:
1990-1992

0.092 1.84 0.338 3.34

R&D/sales - - 0.107 1.64
Doing R&D on a
continuous basis

- - 0.340 2.17

Doing cooperative
R&D

- - 0.153 0.97

Estimated standard
error of error term

1 (assumed) 2.32 23.43

Correlation coefficient
ρ 0.96 1.28
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Table 8
Composite innovation indicator :

Denmark and Ireland, CIS I, micro-aggregated data, 1992

DENMARK IRELAND
Share in sales of new products

Industry

Predicted
conditional
mean
(weighted
average),
in %

Observed
weighted
average

in %

Correlation
between
observed

and
predicted

Predicted
conditional
mean
(weighted
average),
in %

Observed
weighted
average

in %

Correlation
between
observed

and
predicted

All firms 32.3 35.5 0.84 31.1 31.4 0.64
innovators 35.6 47.5 0.88 31.6 41.0 0.79
Non-innov. 22.8 0.0 - 24.4 0.0 -

NACE :
FOOD 23.5 12.1 0.13 28.5 21.1 0.46

TEXTILE 39.9 41.4 0.68 38.5 30.2 0.68
WOOD 18.2 26.2 0.88 21.4 21.8 0.43
CHEM. 41.0 43.9 0.91 28.7 27.8 0.56

PLASTIC 26.7 21.5 0.65 29.5 44.4 0.98
NON-MET 19.4 13.7 0.70 25.6 37.5 0.94
METALS 22.6 26.3 0.79 24.9 31.2 0.58

M&E 46.8 60.2 0.98 45.4 64.5 0.99
ELECTRIC 41.9 44.8 0.77 42.0 49.6 0.92

VEHIC 46.8 79.9 0.98 23.9 21.1 0.87
NEC 22.5 25.9 0.70 30.7 24.4 0.52
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Table 9
Comparison of innovativeness in Denmark and Ireland:

predicted conditional means of the share in sales of new products,
CIS I microaggregated data, 1992

Predicted conditional means with
estimates from Denmark

Predicted conditional means with
estimates from Ireland

Average share in sales of new products in %
Denmark Ireland Denmark Ireland

All firms 32.3 30.4 33.3 31.1
Innovators 35.6 31.8 35.9 31.6
Non-innov. 22.8 25.8 25.4 24.4

NACE :
FOOD 23.5 26.0 28.0 28.5

TEXTILE 39.9 42.8 40.2 38.5
WOOD 18.2 18.8 18.2 21.4
CHEM. 41.0 36.1 35.8 28.7

PLASTIC 26.7 24.7 30.1 29.5
NON-MET 19.4 21.1 24.6 25.6
METALS 22.6 19.8 26.1 24.9

M&E 46.8 37.9 53.7 45.4
ELECTRIC 41.9 43.6 40.2 42.0

VEHIC 46.8 39.6 33.7 23.9
NEC 22.5 23.4 29.1 30.7
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Appendix

Industry definitions

Industry        NACE  Industry definition
Abbreviation   code
                        (rev.1)

FOOD 15-16 manufacture of food, beverages and tobacco
TEXTILE 17-19 manufacture of textiles, wearing apparel, dressing and dyeing of

fur, tannings and dressing of leather, luggage, handbags, saddlery,
harness and footwear

WOOD 20-22 manufacture of wood and products of wood and cork, except
furniture, manufacture of straw and plaiting materials, pulp,
paper, and paper products, publishing, printing, and reproduction
of recorded media

CHEM 23-24 manufacture of coke, refined petroleum products and nuclear fuel,
manufacture of chemicals and chemical products

PLASTIC 25 manufacture of rubber and plastic products
NON-MET 26 manufacture of other non-metallic mineral products
METAL 27-28 manufacture of basic metals, fabricated metal products, except

machinery and equipment
M&E 29 manufacture of machinery and equipment NEC
ELEC 30-33 manufacture of office machinery and computers, electrical

machinery and apparatus, radio, television and communication
equipment and apparatus, medical, precision and optical
instruments, watches and clocks

VEHIC 34-35 manufacture of motor vehicles, trailers, semi-trailers, and other
transport equipment

NEC 36 manufacture of furniture, manufacturing NEC
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