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1. Introduction

1.a. Motivation

Technological factors have been the key explanatory variable for innovations within the

economic profession (see e.g. Freeman, 1994 for a survey). Initially, aggregate production

functions have been the focus of research. External technological progress, i.e. technological

innovations, could change the otherwise fixed relation between inputs and maximal output.

This seems, if at all, appropriate for process innovations in manufacturing only. In the service

sector, inputs and outputs often cannot neatly be separated. Furthermore, both in the

manufacturing and service sector, product innovations gained in importance. In

telecommunications, for example, most innovations today are in finding new applications for

the new technology, in developing new software and services, rather than exploring new

digital systems. In biotechnology, new products, such as red endives or new pharmaceutical

drugs are developed with the same technology (see Tser 2000). Product innovations and its

determinants, therefore, should be included in the analysis of determinants of innovation.

In line with interdisciplinary research on innovation (Hage, 1998, and Hage and

Hollingsworth 1999), we favor the view that it is variety that accounts for innovations today

much more than technological change.

Furthermore, we argue that it is not „a genial idea“ alone that accounts for an

innovation and that it is not the „struggle of the fittest“ that accounts for its diffusion, but that

ideas, innovative and marketing activities take place in a specific environment.

The literature on National System of Innovations (see e.g. Dosi, Pavitt and Soete 1990,

Lundvall 1992, Edquist 1997) was a breakthrough in bringing this factor into the innovation

literature by focusing on the national institutional environment. It argues that national

institutions, such as the financial system, the educational system and government support for

research influence the innovative activities of firms and sectors.

The literature on business systems added that organizational variables are relevant for

firms to be innovative (see Whitley 1999). It argues that the reduction to purely technological

explanations and individualistic competition fails to take into account organizational

variables, such as cooperation between firms, research institutes and clients. Information

flows between these economic actors can take place in formal and informal networks that

improve the innovative outcome but can also hamper it. Furthermore, it argues that a

technological approach cannot adequately deal with the most expanding sector of the

economy, namely, services.

The following approach tries to handle this problem by linking endogenous growth



theory with the innovation literature on variety. We still use production functions but in a very

modified way: inputs are all kinds of institutional and organizational factors that influence

knowledge and innovative activities, output is variety. This allows us to take into account

both institutional and organizational variables stressed by the national system of innovation

and business systems literature. Furthermore, with innovation being defined as variety, it can

also be applied to product innovations in the service sector. And, by including the stock of

knowledge, it can deal with the fact that traditional economic factors such as physical labour

are being surpassed by information and communication technology in a modern „knowledge

economy“ (Kessels 2000) and „learning society“ (Soute 2000).

Innovation in the following, therefore, will be defined as an increase in the variety of

goods and services, rather than a purely technological advance. And it can be caused by all

kinds of institutional and organizational factors.

The paper proceeds as follows. After a discussion of the related literature and a

presentation of the data, we first introduce the model. The innovation sector consists of profit

maximizing firms1 under perfect competition, which employ researchers2, who produce

innovations, which in our case are new product varieties. Wages of the researchers in the

innovation sector have to be prefinanced, in this respect an innovation can be interpreted as an

investment. The financial funds can either be provided by capital markets or from profits

generated in the goods and service sector, which operates under imperfect competition.3 In

line with the endogenous growth theory, we assume constant returns to scale for a single firm,

resulting in increasing returns at the sector level, due to an increase in variety.

Whilst the assumption of perfect competition in the innovation sector is made for mere

convenience and ease of exposition, the imperfect competition in the goods and service sector

is crucial, as profits are a necessary condition to enable innovations, given that perfect

competition would generate zero profits. The assumption of imperfect competition is in line

                                               
1 Innovations can be either produced by a specialized innovation firm (e.g. Silicon Valley), or by a profit

oriented department within a firm. Innovations here are created on purpose, and therefore our model cannot deal

with either innovations by coincidence, or the philantrophical interest of firm owners.

2 In this model researchers are applied scientists, working on specific innovation tasks. In this respect, the

assumption that more researchers produce more innovations seems plausible. It certainly holds less for basic

research.

3 Although we do not show it in this paper, our theoretical results can be derived from profit- and utility

maximizing behavior of households and firms. These microfoundations are elaborated in Zagler and Unger

(2000) and Zagler (1999).



with empirical facts.

Apart from distinguishing two specific modes of financing of innovation projects,

from profits versus from financial markets, we distinguish two generic models of innovation:

technological versus organizational. The technological model is based on the assumption of a

production function of innovations, where labor inputs produce new product varieties. It is

assumed that labor productivity increases with the stock of knowledge, which we set

proportional to the existing variety of products.

Second, we enhance the technological model to include organizational explanatory

variables, focusing on information and innovation networks, as well as extraction rates from

innovative effort. While the innovation sector in the first two models exhibits a stock of

knowledge externality, in the last two models it exhibits an organization (networking)

externality. The assumption of scientists devoted to research and to organize information

flows within the networks replaces the static assumption of scientists producing on a given

stock of knowledge.

The last part of the paper empirically discriminate between those four explanations of

innovation rates using econometric model selection criteria.

The four models for Innovation Rates:

Innovations

Produced by

financed from Profits from Capital Markets

Stock of knowledge technological heterodox technological orthodox

Networks and information organizational heterodox organizational orthodox

1.b. Related Literature: Institutions and Innovation

Since the 1960s the conventional neoclassical model for technological change was criticized

for its implausible micro-foundation. Empirical studies on the behavior of the firm and on

sectors suggested that innovative behavior and technological change should be studied within

a national institutional context (Penrose 1959, Freeman, Young and Fuller 1962). Paul David

(1975) introduced the concept of a variety of production processes that could be designed

with the existing state of knowledge and the concept of localized learning which directs

technical change. He differentiated his approach from neoclassical production theory by

suggesting that substitution in the production function may involve an element of innovation.

This opened the door to what has since become known as the path dependent model of



innovation (see Bartzokas 2000 for a short historical survey and Nelson 1995 for an extended

overview).

The 1980s were devoted to the catching-up debate (Abramovitz 1984). Reasons for

differences in growth among countries were seen in differences in  institutions. Solow once

remarked that economists had to become „amateur sociologists“ if they wanted to understand

growth.

In the 1990s institutions challenged the orthodox paradigm from several sides. First,

endogenous growth theory had developed a framework that allowed to quit the orthodox

framework by stressing 1. externalities resulting from capital and knowledge accumulation 2.

accumulation of human capital and 3. continuing long-term growth generated by the stock of

„codified“ knowledge. With this, institutions became endogenous factors in the economic

system. Furthermore, the perfect competitive market was replaced by the assumption of

market failures. For a critical assessment of endogenous growth theory see Ben Fine (2000).

But it allowed to import institutions back into economics. The theory of endogenous growth

was exported into international trade theory, where it led to a highly stimulating debate and to

serious modifications of the orthodox factor equalization theorem and comparative advantage

theorem (see e.g. Ben David 1997).

Also industrial economics focused on inter-linkages between firms, market conditions

and performance rather than on the orthodox neoclassical model. Research shifted from

studying determinants of growth rates for country groups to studying single countries (see

Temple 2000). Organizations and institutions have, hence, also become important in these

sub-fields of economics.

But growth is not directly linked with innovation. Growth does not necessarily need

technological innovation. It can occur through imitation, a fact for which the Japanese became

famous. (We might call it organizational innovation though). Also, innovation does not

necessarily imply growth. Successful innovators can be unable to reap the economic benefits

of it. Fagerberg et al (2000) rightly argue that Europe needs to adapt to innovation based

growth. For computer electronics it can be shown that very often the follower reaps the

benefits by improving the design, whereas the leader had to bear the costs of developing the

technology (Hartmann and Teece 1990). Teece (1984) has stressed this point at the firm level

and has elaborated firm strategies for strong and weak appropriability regimes. In strong

appropriability regimes innovations could easily be kept secret, patented or protected with

copyrights. In weak appropriability regimes contractual solutions or integration were

necessary. Technology, an innovating firm’s complementary assets, firm strategic



management, networks and institutions (e.g. patent laws) are the determinants of economic

success identified by Teece (1984), Teece (1986) and Teece, Pisano, Shuen (1997). The

„struggle of the fittest“ has to be replaced by the right balance between competition and

cooperation (Teece and Jorde 1989) and public policy has to focus on the firm’s boundaries

more than on purely technological R&D issues. While this strand of the literature stresses

mainly managerial and organizational issues (see also Teece and Grindley 1997) the literature

on national innovation systems stresses institutions.

The literature on National Innovation Systems (see e.g. Dosi, Pavitt and Soete 1990,

Lundvall 1992, Edquist 1997) directly addressed the question of how institutions influenced

innovation at the firm and sector level. In particular the education system, the financial system

and public policy for Research and Development were stressed as important institutions.

Financial markets play an important role for innovations because they influence

ownership and the extent to which there is finance for high risk investments. Capital market

based financing systems allow for riskier innovations than credit based systems. Credit based

systems with capital channeled largely through banks, tend to produce more patient and

growth seeking financiers, with long term orientation but also a certain risk aversion, than do

equity financed systems (Soskice 1991, Whitley 2000).

Another source of financing is still from own profits. This mode of financing is typical

for small and medium firms. Firms that want to keep private property and to avoid

shareholders, try to finance long term investments from own profits, whereas loans are taken

for short term investments. In the following, we distinguish financing of innovations from

own profits versus from external sources, without specifying whether from banks or stock

markets. We call financing from own profits the heterodox model, because it is assumed by

Neo-Marxists and Post-Keynesians, financing from external sources the orthodox

(neoclassical) model and want to test, which model of financing  explains innovations better.

Beside financing, Guerrieri and Tylecote (1997, p.109) find three further institutions

important for innovation: the education system, the role of universities and government

support. Empirical work by Crouch, Finegold and Sako (1999) on the education systems

revealed that it is still different in European countries. The vocational training system in many

countries, such as Germany or Austria, guarantees good stable workers at the medium skill

level, as opposed to more extremes in Anglo-Saxon countries. In a challenging turn around of

European perceptions of the US, James Galbraith (2000) stresses the superiority of the US

university system over Europe for employment and growth. He also claims that the US has as

higher government support for both research and universities.



We deal with these institutional variables en bloc without distinguishing between them

by using country dummies.

We call the first two models „technological“, because they use the stock of existing

knowledge as externally, ad hoc given technology, in order to produce new variety of goods

and services. However, by means of the country dummies, we take into account that the

available stock of knowledge cannot be extracted without national institutions. Sector

dummies allow for the fact that technological extraction might differ between sectors.

Another strand of the literature dealing with innovation is organizational sociology

(Hage 1999, Whitley 2000) and input output analysis (Debresson 1998), both pointing out at

the importance of networks and information flows for innovation. In particular the relation

between firms (cooperation, contractual relations, competition), between supplier and firms,

customer and firms, universities and firms, the government and firms are considered

important for innovations. The literature on business systems (Whitley 1999) shows that

innovations depend both on the national institutional institutions (NIS) and on the

organizational structure that develops in such an institutional environment. Lundvall (1999)

shows the parallels between both strands of the literature. In order to capture this debate we

modeled two „organizational“ models based on networks and information flows. Again we

distinguish between the heterodox and orthodox mode of financing and market structure.

We consider our work as a bridge between endogenous growth theory and other

heterodox models and the non-technical debate in socioeconomics. Clearly, we must make

some compromise in order to build such a bridge. On the one hand, we assume that workers

can move freely between the innovation sector and the rest of the economy, hence ability is

not a criterion to become a researcher. We have to assume that innovation is a predictable

process under risk but not uncertainty. With our simplifying assumption on the generation of

new varieties, we abstract from large parts of the innovation literature. Whilst our model

could in principle be extended to include the information flow process, it is beyond the scope

of this paper. On the other hand we have to deal with far more variables and a complex world

than neoclassical economics is used to deal with. This shows in the variety of possible

interpretations of our results. They are less determined than orthodox and heterodox

economists would like them to be.

The testing of the models concentrates on organizational and information variables.

We have tried to integrate the national system of innovation literature by including financial

variables. But we have not taken other institutional variables explicitly into account, which

gives rise for further research.



1.c. The Data

Innovations can be approached from the input side (e.g. R&D expenditures, total innovation

expenditure), from the output side (e.g. patent applications or patents granted, literature based

output indicators identified from scientific and trade journals, exports and sales of innovative

products) and from survey studies. Each indicator has its advantage and disadvantage (see

Kleinknecht 1996 and Unger 2000). Sector and firm size biases can occur. For example the

food industry is high in advertisement innovations but low in R&D as opposed to high tech

industries such as biotechnology. Some sectors, such as computer electronics, do not patent

but have copyrights. Others avoid patenting for secrecy reasons or because they are small

firms that have to overcome a threshold in order to patent.

Lately the OECD (1998, p.58ff) has provided useful data on „flows of technical

information on innovative activity“ and on „networks of innovation“. The most recent

publication, upon which we base our analysis, comes from the European Union who

completed the second Community Innovation Survey Studies (CIS II) in 1996 (see Eurostat

1999). This survey study was done in 12 European countries (the United Kingdom, Belgium,

France, Netherlands, Finland, Sweden, Austria, Germany, Ireland, Luxembourg, Norway and

Spain) and consisted of about 30 questions. Spain was excluded in our analysis due to a lack

of reported data. The sample population was 133,284 enterprises in manufacturing and

162,778 in services.

Sectors were aggregated according to the NACE classification. The manufacturing

sector consisted of six subsectors: (1) food, beverages, textile and leather (da-dc); (2) wood,

wood products, pulp, paper, paper products, publishing and printing (dd-de); (3) coke, refined

petroleum, nuclear fuel, chemicals, chemical products, fibers, rubber, plastic and mineral

products (df-di); (4) metal and fabricated metal products (dj); (5) machinery, equipment n.e.c.,

electrical and optical equipment (dk-dl); (6) transport equipment (dm-dn). The four service

subsectors were (7) wholesale and commission trade, excluding motorcycles (g51); (8)

financial intermediation (j); (9) computers and related activities, architectural and engineering

activities, related technical consultance (k72-k742); (10) land, air and water transport,

transport by pipelines, activities of travel agencies and telecommunications (i60-i642). Data

on profit shares and interest rates for the first two models were taken from OECD

publications.

The advantage of survey data is that innovations can be directly measured and do not

have to be approximated. However, several biases can occur (see Debresson 1996). The first



is the time bias, which is due to the fact that innovation is a specific act that only occurs once

and can only be later judged as innovative. Expert respondents will tend to identify many

more innovations within the most recent decade than in the two or three preceding decades. In

the CIS II data, the time bias should be reduced since firms were asked about their

„innovative activities and projects“ rather than about their perception of „innovation“.

Second, all surveys of innovation find an unexpected high number of innovations. Debresson

(1996, p.47) quotes surveys, in which 20% to 40% of nationally most innovative firms also

claimed that they were the most innovative in the world. „One can be skeptical about

respondents’ view regarding their own accomplishments and be reasonably sure that they are

biased in claiming that they have done what is good, right and fashionable to do - innovate“

(Debresson 1996, p.47). Third, there tends to be a cultural bias in the data. In some countries,

such as the Netherlands, respondents are more modest when crossing off items (see Unger

1999). To give an example, when asked to indicate, which objectives were very important for

innovation, the Dutch tended to cross off less items than did respondents in other countries.

Since the survey data do not correct for this, there will always be a lower percentage of Dutch

firms than in other countries. The Dutch also tend to cross off in the middle category, while

the Austrians tend to select extremes. Fourth, there might also be a sector bias in the data.

Agents in a sector which is expected to be innovative, such as telecommunication, could have

a strong tendency to exaggerate their innovative capacity compared to those in a sector such

as food and textile that does not have this reputation.

We take account of the national and sector bias, by using country and sector dummy

variables. Together, these dummy variables can be considered as representing the national

system of innovation and sector specialization.

2. Technological Determinants of Innovation

2.a. The Technological Heterodox Model (Profit Finance)

An economically successful product innovation is the transformation of a new business idea

into production at a larger scale and finally the increase in the variety of available goods and

services. With no systematic serious hampering of this idea-innovation-diffusion chain and

with all firms being equally likely to innovate, the number of service and manufacturing firms

will be proportional to the number of innovations nt. As existing innovations also form the

basis of knowledge, the number of innovations nt is also an index of (exploitable, available

stock of) knowledge in the society.



The Innovation Sector

Innovations require time and effort, where we assume effort corresponds to labor input of

scientists in the innovation sector, st. In accordance with much of the sociological literature on

innovation, we assume that the existing number of innovations, captured by the index nt here,

has a positive, and for the sake of simplicity, linear impact on the creation of new varieties of

goods and services. In technical terms, this discussion implies that new varieties of goods and

services are created according to,

ttt nsn φ=& . (1)

New varieties ( tn& ) are produced by researchers (st), building on the existing stock of

knowledge (nt), with productivity φ. Given that it is uncertain whether a single innovation will

be successful, φ also measures the probability of success in innovation, when the number of

attempts to innovate is large. It is very likely that φ will differ across sectors and countries.

Differences between sectors such as the food and textile industry versus telecommunications

can be technologically determined. Then φ summarizes the technological determinants of

innovation. If it is always possible to replicate the innovation technology of others 1:1, we

should not observe national differences in φ . In this case innovations are purely technology

driven. Otherwise, differences among countries will reflect differences in national systems of

innovation (cf. Dosi, Pavitt, and Soete, 1990 and, Lundvall, 1992), or differences in sector

composition. But sector and country variations might also be due to survey biases.

The inclusion of the existing stock of knowledge (nt) can be motivated in two ways.

First, it accounts for the knowledge economy (cf. Kessels, 2000, and Soute, 2000), stating that

knowledge becomas a more and more important factor of production. Second, it enables path

dependenices (Barzokas, 2000, and Nelson, 1995), as the given stock of knowledge has a

impact on the evolution of the future stock of knowledge.

Whilst labor (scientists) in the innovation sector typically have to be financially

rewarded immediately, the returns from innovations will only occur after time. Innovative

activities therefore intrinsically require financing. Since innovations can be highly risky, it is

not always evident how much of its financing came to depend upon the development of stock

markets and financial markets, or whether financing stems from reinvested profits within the

firm. The latter is in line with heterodox economists in the Neo-Marxist or Post-Keynesian

tradition, who assumed that firm owners reinvest all profits. This assumption still holds today

for countries where capital markets are less developed and (junk) bond markets are absent.



The Goods and Service Sector

Firms in the goods and service sector engage in mark-up pricing, setting prices by a constant

factor over costs. Then the profit share in the goods and service sector is constant and defined

to equal k, given constant returns to scale. We assume for simplicity that each product line is

produced by a single firm. In this case, nt represents the number of product varieties as well as

the number of firms4. Each firm employs et workers at the wage rate wt, profits dt in the

manufacturing and service sector are proportional to the wage sum in the sector,

tttt enw
k

kd
−

=
1

. (2)

As scientists are the only private input into the innovation process, and assuming that labor is

homogenous and can move freely between the three sectors, manufacturing, services, and

innovation, in the absence of financial markets all revenues of the manufacturing and service

sector, dt, must equal costs, wtst.5 This implies the following accounting equation for the

innovation sector,

ttttt swewn
k

k =
−1

. (3)

Assuming that workers are either employed in innovation activities or other activities, the

labor market clearing condition reads,

1=+ ttt ens , (4)

where the labor force has been normalized to unity. Together with equation (3), this implies

that the share of scientists in the labor force equals the profit share in services,

st = k. (5)

Substitution into innovation technology (1) gives the growth rate of innovations,

k
n
n

t

t φ=&
. (6)

Therefore, the innovation rate depends only on the success probability of innovations

and on the profit share. Evidently, as success in innovation is higher, the output of innovation

is higher. Second if more funds are available to finance researchers, i.e. a higher profit share,

                                               
4 Without loss of generality, we could assume that each product is produced by x firms, or that a single firm

produces a series y of product lines, in which case we would have to multiply the right hand side of equation (2)

by a factor x/y.

5 The assumption that researchers earn the same income than employees in the goods and service sector might be

unrealistic. However, we can assume that wages are paid per productive unit, and higher skilled workers, which

could all be allocated in the innovation sector, possess more productive units.



more innovations will occur.

2.b. Technological Orthodox Model (Full Access to Capital Markets)

The introduction of capital markets has two effects on the model economy. First, investor can

either invest into a secure bond at interest rt, or into an innovation that yields profits and

potential gains in resale value. Second, the existence of a stock market raises competition

amongst innovators over potential funds. Therefore, the innovation sector is populated by

perfectly competitive firms, that sell innovations in order to maximize profits. This is

equivalent to the assumption that firms maintain research labs as independent profit centers.

We continue to assume, however, that profit shares in manufacturing and the service sector

remain constant. Given perfect competition, marginal revenues of an innovative firm equals

the sales price of a novel innovation qt to a manufacturing or service firm in a particular

product line. Marginal costs will equal productivity adjusted wages, or wt/φnt. The innovation

will be sold on a bond market, where market efficiency leads to the following no-arbitrage

condition (see Zagler/Unger 2000 for the derivation),

ttttt qrqew
k

k =+
−

&
1

, (7)

stating that an investor would be indifferent between investing into a secure bond at interest rt,

or into an innovation which yields profits and potential gains in resale value. Aggregating

over all nt service sector firms, and dividing both sides of equation (7) by stock market

capitalization vt = ntqt, the no-arbitrage condition (7) reduces to,

)(
1 tttt

t

t ren
k

k
n
n −ω+

−
φ=&

, (8)

where ωt is the growth rate of stock market capitalization and the expression in parenthesis is

the potential speculative gain on capital markets. Substitution of the labor market clearing

condition (5) and innovation technology yields the growth rate of innovations,

))(1( tt
t

t rkk
n
n −ω−+φ=&

. (9)

The first part of equation (9) is identical to equation (6), where an increase in the

success rate of innovations and higher profits increase the innovation rate. Hence, the first

part describes the self-financing of innovations, whereas the second part describes the capital

market financing of innovations. The difference between the growth rate of stock market

capitalization (ωt) and the interest rate indicates the attractiveness of equity versus bond

financing. Whenever interest rates go up, the innovation rate will decline, whilst stock market



booms should be beneficial for physical investment. The dependence of external finance (1 –

 k) declines with increasing profit shares.

So far, we have presented two very extreme cases of financial determinants of

innovation. It is entirely feasible that whilst some innovators face financial constraints, others

don’t. Given that equation (6) is a special case of equation (9), we cannot distinguish between

full and partial access to financial markets in the reduced form of equation (9).

2.c. Empirical Results

For the estimation, we took the proportion of innovative enterprises in percent of all

enterprises to approximate the rate of innovation. This is valid under the assumption that

changes in the share of innovative enterprises leaves the probability of success for any given

innovation unaffected.

The profit share („operational profits“) was taken from the OECD international

sectoral data base. For the missing countries, we computed profit shares from the OECD

industrial structure survey according to the formula (1 - labor costs/value added). We included

data on „the long term government bills and bond rate“ from the OECD Financial Statistics

for the 11 countries in 1996. Further research should include the growth rate of stock market

indices for all countries and sectors, which we did not consider due to lack of data.

For the estimation, we linearized equations (6) and (9) around the steady-state. A

logistic transformation was applied to all variables that were expressed as percentage shares.

As we had to reject tests for homoscedasticity, we adopted a general least square estimation.

Dummy variables for all countries and sectors were introduced in order to account for the

above mentioned sectoral and national differences. The Metal and Metal Product Industry in

the UK was chosen arbitrarily as the point of country and sectoral reference. Table 1 presents

the results. The first column lists the independent variables, the second and third column

present the estimation results for two versions of the profit finance model, equation (6), whilst

the forth and fifth column present the estimation results for two versions of the capital market

finance model, equation (9). Whilst the first version of each model contains all the variables,

we eliminated step-by-step the least significant variables, until the lowest value of the Akaike

information criterion was reached, following the general-to-specific modeling technique

(Hendry/Richard, 1983).

Due to the estimation method, the results have to be interpreted carefully. Each field in

table 1 indicates the logit transformed impact, or the loglikelihood, of an independent variable

on the rate of innovation, showing the t-statistic in parenthesis below. Several transformations



have to be made in order to obtain the effect of a change in an independent variable on the

innovation rate. Moreover, as the logit estimation is nonlinear, we can only compute

scenarios, but cannot make generalized statements on the impact of an independent variable

on the innovation rate. The computation of a scenario follows a stepwise procedure. First, we

compute the loglikelihood of a scenario according to

L = β0 + β1X1 + β2X2 + ... + βnXn,

where the β‘s are the coefficients presented in the following tables, and the X’s present the

value of the independent variables for a particular scenario. Given the loglikelihood of a

scenario, we can compute the probability of innovation P according to

P = 1/(1 + e-L).

Note that as L goes to minus infinity, the probability goes to zero. As L goes to plus infinity,

the probability goes to unity. With L equal to zero, the probability equals one half. Moreover,

the impact of a given change in an independent variable is the greater the closer the baseline

scenario (e.g. the constant only) is to zero, due to the well-known S-shape of the logit

function. P represents the share of firms in a given sector which have been innovative. If they

produce on average innovations of size m, then the innovation rate equals

mPPPmnt =−+= 0)1(& ,

hence the innovation rate is proportional by a factor m to the innovation probability.

Neither profit shares nor interest rates where of significance in the proceeding

regressions. The later points to the fact that financial constraints were no significant

impediment to innovation. The prior can either be due to the quality of the profit share data, a

model misspecification, or due to the fact that the linearization of equation (9) has captured

the profit share at an extremal point, which gives support to the capital market model.

The constant in the regression corresponds to the innovation productivity φ in the

metal and metal product industry in the UK. In order to obtain the parameter for another

industry or country, the value of the respective dummy variable has to be added to the

constant. To give an example, in the first model, innovation productivity in the metal and

metal product industry is 1.119 in the UK, whereas it is 30 % higher, namely 1.46 in

Germany. Altogether we can conclude that the technological model based on the stock of

knowledge does not give a good explanation for innovation growth and variety. The mode of

financing does also not play an important role. Both the profit share and interest rates are

insignificant. However, the other non technological factors mentioned above, education,

university system, public finance, sector specialization and path dependency play an

important role for innovation. One can see this from the last two lines of table 1.



Table 1: Technological Models of Innovation

EQUATION (6) - A EQUATION (6) - B EQUATION (9) - A EQUATION (9) - B
Constant 1.119

(1.77)
0.752
(1.22)

0.666
(0.67)

0.898
(0.95)

Profit Share 0.012
(0.12)

-0.034
(-0.35)

0.012
(0.08)

-0.035
(-0.27)

Interest Rate 0.058
(0.65)

-0.022
(-0.33)

Food, Textile,
Leather

-1.117
(-5.53)

-1.097
(-5.24)

-1.117
(-5.66)

-1.097
(-5.60)

Wood. Paper.
Printing

-1.043
(-11.74)

-1.029
(-11.00)

-1.043
(-5.42)

-1.028
(-5.37)

Chemicals -0.486
(-2.91)

-0.455
(-2.68)

-0.486
(-2.31)

-0.455
(-2.19)

Machinery and
Equipment

-0.945
(-7.86)

-0.918
(-7.64)

-0.945
(-4.62)

-0.918
(-4.53)

Transport
Equipment

-0.646
(-4.58)

-0.622
(-4.56)

-0.646
(-3.22)

-0.619
(-3.10)

Wholesale and
Commission Trade

-1.705
(-13.54)

-1.682
(-13.12)

-1.705
(-8.31)

-1.682
(-8.26)

Financial
Intermediation

-0.629
(-2.85)

-0.604
(-2.81)

-1.035
(-4.75)

-0.603
(-3.00)

Computer Services -1.979
(-8.31)

-1.953
(-8.34)

-0.629
(-3.10)

-1.952
(-9.66)

Transportation,
Telecommunication

-1.035
(-6.15)

-0.999
(-6.13)

-1.979
(-9.69)

-0.998
(-4.67)

Belgium -1.342
(-9.72)

-1.263
(-9.49)

-1.255
(-7.14)

-1.276
(-3.29)

Germany 0.341
(2.89)

0.417
(3.47)

0.434
(2.44)

0.402
(4.99)

France -0.62
(-5.07)

-0.536
(-4.27)

-0.544
(-3.00)

-0.545
(-7.92)

Ireland 0.699
(7.90)

0.779
(8.44)

0.728
(4.02)

0.788
(2.45)

Luxembourg -0.134
(-0.41) *

Netherlands 0.024
(0.20)

0.117
(0.66)

Austria 0.422
(1.81)

0.506
(2.22)

0.509
(2.87)

0.493
(3.06)

Finland -0.883
(-7.01)

-0.805
(-6.21)

-0.778
(-4.25)

-0.825
(-4.92)

Sweden -0.224
(-2.15)

-0.235
(-1.07)

Norway -0.571
(-3.37)

-0.492
(-2.88)

-0.513
(-2.97)

-0.494
(-3.17)

R2 (in %) 80.18 79.72 80.18 79.75
joint F-test

(Country Dummies
insignificant)

53.29
(0.00)

78.05
(0.00)

20.02
(0.00)

25.52
(0.00)

Akaike info
criterion

1.365 1.332 1.365 1.349

Schwarz criterion 1.887 1.779 1.887 1.821
Coefficients are the transformed logit GLS coefficients of the linearized model. t-statistics (for the f-test
the p-value) are in parentheses. Country and Sector labels indicate dummies for a particular country or
sector respectively. The reference point is the Metal and Metal Products Industry in the UK. Bold
numbers correspond to significance at the 5 % level, numbers in italics at the 10 % significance level.
* A weighted average of all country dummies and the constant reproduces the interest rate, we therefore
had to forgo another country. We have chosen Luxembourg for this purpose.



The third to the last line indicates the f-test of the joint null hypothesis for all country

dummies. If we could not reject this hypothesis, the technology parameter φ would be

identical across countries, implying that innovation would be technology driven. However, we

have to reject the hypothesis for all model specifications, indicating that non-technological

factors play an important role in the determination of innovations. This gives support for the

hypothesis of national systems of innovation (Dosi, Pavitt, and Soete, 1990, Lundvall, 1992).

F-tests reveal that we have to distinguish several distinct systems of innovation. TEST. We

will elaborate this issue in the following chapter.

3. An Organizational Determinants of Innovation

3.a. Innovation Networks

We alter the previous model in two distinct ways in order to capture two organizational

elements in the sociological debate on innovation (Hage, 1998) which only recently entered

economics (see OECD 1998 and Debresson 1999). The first novel element in our analysis is

the idea that the stock of knowledge cannot be translated into innovative technology without

cost. Innovators must engage in costly activity to acquire knowledge by forming internal or

external networks, hence, equation (1) changes to,

ttnt sn ηφ= α
,& , (10)

where ηt represents networking capital, sn,t is either the amount of time a particular researcher

devotes to the innovation of new products, or the number of scientists (or science mangers)

engaged in networking activities, with a declining marginal product, given 0 < α < 1. By

assumption, innovative activities have a diminishing marginal product. Network capital is

acquired according to the following process,

α−
ηψ=η 1

,ttt sn . (11)

The time devoted to networking activities, sη,t = st - sn,t, also exhibits a diminishing marginal

product in terms of innovation. The number of existing innovations facilitates networking, as

the number of coalitions increases with the number of firms nt. Therefore, this represents a

networking externality, in contrast to the previous model, where it represented a rather

dubious innovation externality and in which the positive correlation between new and existing

innovations was rather ad-hoc.

There are two dimensions to efficiency in innovation. First, there is a tradeoff between

networking and actual innovation activities. By the specification of our model, it is of course

optimal to devote a share 1 - α of the working time to networking activities, and the remains



to actual research and development. However, as social interactions are harder to replicate

than technological production schemes, this gives a first source of innovation inefficiency.

Second, networks may in itself be inefficient, in particular due to a false composition of

participants, which we aim to capture by an information set ψ , which depends on the

composition of networks in a particular sector or country. We will describe the composition of

this information set in more detail in chapter 3.c.

3.c. Extraction and Innovation Financing

The second novel feature of the model in this chapter is extraction, i.e. the degree to which

innovative efforts are transmitted into new products or services. We assume that only a

fraction δ of all innovations can be marketed. The iceberg loss of extraction, (1 - δ)

corresponds either to a tax on innovation, or to costs generated by organizational inefficiency.

Assuming once again that in the absence of financial markets all profits from the

manufacturing and service sector are reinvested in the innovation sector, the presence of

iceberg costs of innovation alters equation (3) to,

ttttt swewn
k

k
)1(

1
δ−=

−
. (12)

Together with the labor market clearing condition (4), we can determine the number of

workers in the innovation sector,

)1(1 k
kst −δ−

= . (13)

This allows us to derive the rate of innovation of the economy, given that we assume an

organizational structure in the innovation sector, in which a fraction β of the workforce

engages in innovative activities, while the remaining time is devoted to networking activities,6

k
k

A
n
n

t

t φ
−δ−

=
)1(1

&
. (14)

As in equation (6), the innovation rate depends positively on the success rate of

innovations and the profit share. In addition to the technological success of innovation, now

the appropriability, or the success of marketing new products, now plays a role in innovation.

Finally the parameter A, A = ψ βα(1 - β)1-α, is an organizational characteristic based on the

degree at which innovative firms allow or induce their employees to engage in networking

activities either within or outside the firm.

                                               
6 The following chapter shall identify that it is optimal to set β = α.



In analogy with chapter 2.b., the organizational model also is enriched by access to the

financial markets. The value of the innovation will equal marginal costs, or aggregated over

all manufacturing and service sector firms,

Awv tt φψ= / . (15)

Taking account of technological extraction in the no-arbitrage condition, this allows us to

solve for the innovation rate of the manufacturing and service economy,

)(
)1(1
)1)(1(

)1(1 tt
t

t r
k
kk

k
A

n
n −

−−
−−+

−−
= ω

δ
δφ

δ
&

. (17)

The first part of equation (17) is identical to equation (14), representing the self-

financing part of innovations. Now, as in equation (9), the external financing plays a role in

the determination of innovations. The difference between the growth rate of stock market

capitalization (ωt) and the interest rate indicates, once again, the attractiveness of equity

versus bond financing.

3.d. Empirical Results

The coefficient β was approximated by the fraction of innovative enterprises that engage in

cooperation. Whether this was with universities, other firms, clients or suppliers was not

identified in the CIS survey. The iceberg costs δ were approximated by the share of

enterprises with unsuccessful innovation projects as a percentage of all enterprises.

We tried to measure networking efficiency ψ  with a set of information flow variables.

In the survey, innovating enterprises were asked where the relevant information for their

projects came from. Given that different sources of information will have a different impact

on the rate of innovation, the information set can be instrumentalized to describe network

efficiency. In the CIS II survey, inventors were asked whether suppliers, clients, persons

within the enterprise itself, or the enterprise group, competitors, fairs and exhibitions, journals

and conferences, patent disclosure and consultant firms were important sources of information

for innovation.

We ran a linearized logit GLS estimation of equations (14) and (17), using the same

point of reference as above. As the information variables were only available for

manufacturing and services, but not for each sector, we had to eliminate all country dummies,

since they were a linear combination of all other independent variables.

Table 2 presents the results. We once again approximated the best model fit by the

general to specific method.



Table 2: Organizational Models of Innovation

EQUATION (14) - A EQUATION (14) - B EQUATION (17) - A EQUATION (17) - B
Constant 6.149

(5.51)
6.342
(6.22)

-229.813
(-3.33)

-234.214
(-3.34)

Profit Share 0.053
(0.43)

0.079
(0.71)

0.044
(0.39)

0.044
(0.39)

Interest Rate 23.198
(3.41)

23.627
(3.42)

Cooperation Rate -0.183
(-1.39)

-0.171
(-1.81)

-0.161
(-1.25)

-0.174
(-1.48)

Extraction Rate 0.458
(3.82)

0.509
(6.83)

0.364
(2.74)

0.371
(2.90)

Manufacturing:
within Firm

1.025
(5.31)

0.973
(5.39)

26.838
(3.29)

27.358
(3.30)

within Group -1.775
(-7.22)

-1.881
(-9.34)

29.778
(3.21)

30.37
(3.23)

from Competitors -0.079
(-0.25)

-4.759
(-3.25)

-4.844
(-3.29)

from Clients 0.174
(0.71)

-27.699
(-3.41)

-28.205
(-3.42)

from Consultancies -0.221
(-1.57)

-0.173
(-1.33)

12.707
(3.39)

12.956
(3.40)

from Suppliers 0.502
(3.16)

0.564
(4.79)

-11.151
(-3.24)

-11.374
(-3.25)

from Patent
Disclosures

0.435
(3.34)

0.388
(3.31)

20.671
(3.38)

21.071
(3.39)

from Conferen-ces
and Journals

2.318
(7.97)

2.11
(9.19)

-47.557
(-3.28)

-48.487
(-3.29)

from Fairs and
Exhibitions

-0.531
(-1.44)

-0.241
(-1.87)

50.139
(3.39)

51.063
(3.40)

Services:
within Firm

-0.308
(-0.40)

3.683
(2.87)

3.463
(3.33)

within Group 1.332
(2.36)

1.183
(2.69)

7.738
(4.08)

7.733
(4.11)

from Competitor 0.941
(0.72)

0.623
(0.47)

from Clients 0.000
(0.00)

0.401
(1.48)

4.502
(3.50)

4.852
(3.84)

from Consultancies -0.513
(-1.25)

-0.242
(-0.93)

-20.655
(-3.43)

-20.873
(-3.45)

from Suppliers 0.741
(1.29)

0.374
(0.99)

1.774
(2.62)

1.568
(3.29)

from Patent
Disclosures

-0.492
(-1.92)

-0.425
(-1.85)

0.435
(1.14)

0.495
(1.31)

from Conferen-ces
and Journals

-2.503
(-2.31)

-2.093
(-2.38)

45.578
(3.23)

46.724
(3.25)

from Fairs and
Exhibitions

0.943
(2.50)

1.14
(3.93)

-25.866
(-3.28)

-26.221
(-3.29)

R2 (in %) 88.02 87.79 89.16 89.12
Akaike info crit. 0.995 0.936 0.915 0.899

Schwarz crit. 1.793 1.631 1.739 1.697
Coefficients are the transformed logit GLS coefficients of the linearized model. t-statistics (for the f-test
the p-value) are in parentheses. The reference point is the Metal and Metal Products Industry. We have
omitted to present dummy variables in this table. Results are available in the appendix Bold numbers
correspond to significance at the 5 % level, numbers in italics at the 10 % significance level.



First, we note that the constant is significant in all model specification, implying that

in this setting on average the stock of knowledge nt exhibits a positive impact on the new

innovations. However, the extremely large value for the last specification (equation 17)

implies that the innovation probability is close to zero for the baseline scenario, where all

independent variables are set to zero. This implies that technology, which we have captured

by the constant throughout this paper, cannot explain the innovation rate any more, but that

organizational determinants drive the growth process (Whitely, 1999, and Soskice, 1991).

Moreover, it also relativates the high parameter values in our last model. Due to the S-shape

of the logit function, it requires a sharp increase in the likelihood L to obtain the same

probability P, if the constant is negative and large. To give an example, consider a scenario

where a manufacturing firm considers to include only within firm information channels. This

would increase their innovation rate by 1 % in model 14B. In model 17B, we would see the

identical change in the innovation rate for an interest rate of 10,2 %, and a correspondingly

higher impact if the interest rate is lower, and vice versa. Parameter values indicated in

equation therefore only appear larger than in previous models, but they are not, which is due

to the nonlinearity of the model.

Second, we note that profit shares are insignificant in all model specifications, for the

same reasons as discussed above. Third, we find that the cooperation rate is insignificant in all

specifications. This supports the view that firms on average allocate networking and research

activities in an efficient manner. Forth, we find that extraction rates are highly significant,

implying that failures to market innovations will foster the rate of innovations, as it takes

more attempts to succeed. But this of course implies that countries or industries with high

extraction rates will be less engaged in innovation, or that economic success and the potential

to innovate are only purely related. The later would support Fagerberg et al (2000) who regret

that Europe has not enough innovation based growth. Finally, we find that information

variables are important, more so for manufacturing than for services.

3.e. Information Channels

Both versions of the organizational models included a variety of information flow variables,

in order to picture networks. In models A all available information data have been used except

information from universities which was only relevant for less than 0.5 % of innovative

enterprises. In the manufacturing sector information from within the firm and its group, from

suppliers, patent disclosures and conferences is important for innovation in all model

specifications. In the service sector information within the enterprise group, from conferences



and from fairs and exhibitions are important and significant in all specifications. In addition,

we find that in manufacturing information from competitors, clients, consultants, and fairs,

and in services information from clients, consultants, and suppliers turn important only in the

specification of model 17. But the signs of the coefficients vary. A positive impact on

innovation in manufacturing is only provided by competitors, in services by clients, fairs and

exhibitions.

In models B only statistically significant information channels have been selected. In

the heterodox model 14 B (without interest rates) we excluded some of the information

channels, which were least significant. These were in the manufacturing sector information

from competitors and from clients, in the service sectors information from competitors and

from within the firm. In the orthodox (capital financed) model 17B we reduced the variables

to the statistically significant ones by excluding information from competitors in the service

sector.

A comparison of the four estimations of the organizational model reveals that

information from within the firm and within the enterprise group is significant for innovation.

It is surprising that enterprise group information exhibits a negative impact in manufacturing

innovativeness in the heterodox model. This might be due to the fact that it is family

enterprises that rely on information within the enterprise and finance from own profits,

whereas other enterprises are more dependent on information from within the enterprise

group. Moreover, internal information has a negative impact on innovation in the service

sector according to the orthodox model.

Information from competitors does not seem to play a positive role for innovativeness

if so at all. Information from clients is important for the service sector. In manufacturing it has

either no importance (heterodox model) or a negative significant one (orthodox model).

Information from consultancies are important for manufacturing in the orthodox model, for

services they have a negative impact on innovativeness. Information from suppliers have a

positive effect except for manufacturing in the orthodox model. Fairs and exhibitions are very

important for innovativeness in manufacturing but not for the service sector. Learning from

fairs and exhibitions and from conferences still seem to be the dominant information channel

in both manufacturing and services. In addition, we found that competitors and information

within the enterprise group are significant information sources in manufacturing, whereas

fairs and exhibitions are important for the service sector in almost all models.

Altogether we can conclude that information channels play quite a diverse role (cf.

Hage, 1999, Debresson, 1998), depending whether they take place in the service sector or in



manufacturing. There is almost a sign reversal in the both sectors of the role of information on

innovativeness. Information flows are also different between the heterodox and the orthodox

model. Overall, information seems more important in the orthodox model, where innovators

have to compete and to collect information in order to know how to finance their innovations.

4. Model Selection

Given that all models can account for a large part of the variation in the dependent variable,

with R2 between 79 and 90 %, we now turn to select the model, which can best describe the

data. The last two lines of table 1 and 2 present the Akaike information criterion and the

Schwarz criterion, which are both widely used to distinguish between different model setups.

They are both based on the likelihood of a regression, but penalize for the inclusion of

additional variables, the Schwarz criterion to a higher degree. The smaller both the Akaike

and Schwarz criterion are, the better is the fit of the model.

Both the Schwarz and the Akaike information criterion allow us to rule out the basic

technological models of innovation, as presented in table 1. Not only is this is in line with the

f-test that we conducted on this class of models, but it also confirms that the approach to

investigate organizational determinants of innovation can indeed improve our understanding

of the data.

However, we cannot straightforwardly discriminate between the two organizational

models of innovation. Whilst the Schwarz criterion points towards the profit finance version

of the organizational model of innovation, the Akaike criterion suggest organizational model

with access to financial markets. There are two arguments in favor of the later model. First,

interest rates, which do not appear in the formulation of the profit finance model (14), but are

an explanatory variable in the financial market version (17), are highly significant. Second,

we have used the Akaike criterion to omit regressors for the second version of each model.

This implies that we have found the minimal value of the Akaike criterion for both models.

By contrast, we cannot be sure that the optimal value of the Schwarz criterion could not be

lower for the financial market version of the organizational model of innovations as well.

Our empirical findings support the organizational literature on innovations and leave

room for national system of innovation interpretations. The mode of financing should still be

enlarged by a banking sector, the educational system and skill differences should be modeled

as well.



5. Conclusions

From the comparison of four models of determinants of innovation we conclude that

institutions and organizations matter. National systems of innovation do have an important

impact on the rate of changes in the variety of goods and services in a country. Country

dummy variables turned out to be significant and countries form several clusters of higher and

lower innovativeness indicating the existence of more than two types of innovation regimes.

This means that type A and type B or exit and voice country comparisons of the US and

Japanese or European innovation regime are insufficient (see Lundvall 1992, p.3). Sectoral

specialization patterns also seem to matter. Sectoral dummy variables were also important.

The machinery and equipment sector was significantly more innovative than the food, textile

and leather sector (the reference sector) in all versions of the models. The consistently

negative coefficients of the service sectors indicate lower innovativeness when compared to

manufacturing. In particular, wholesale and commission trade, transportation and

telecommunication coefficients are significantly negative in almost all specifications.

Obviously, the picture for the more globalized telecommunication sector might look more

optimistic if it were separated from the transportation sector.

Organizational variables also turned out to be influential. The importance of networks,

which we specified as cooperation and the importance of information flows from different

economic actors turned out to be of significance. Here, the negative (but insignificant) impact

of networks on innovations might be either an indicator that firms do too much networking, or

– and this seems more likely - that inter- and intra-firm relations have still to be distinguished

more carefully and that networks have to be operationalized in a more subtle manner in future

work. The extraction rate is positive and significant indicating that success stimulates further

innovations.

Our principal result is that the introduction of organizational variables adds to the

explanatory power and gives the best model fit among all models specified. Indeed, we can

conclude that once we account properly for those factors, technological explanations of

innovation become negligible.
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Appendix

TABLE 2 CONT. EQUATION (14)
- A

EQUATION (14)
- B

EQUATION (17)
- A

EQUATION (17) -
B

Wood. Paper.
Printing

-0.663
(-3.79)

-0.623
(-4.54)

-0.768
(-4.56)

-0.77
(-4.65)

Chemicals -0.778
(-4.16)

-0.731
(-5.45)

-0.877
(-4.86)

-0.883
(-5.02)

Metal and Metal
Products

-0.447
(-2.55)

-0.459
(-2.73)

-0.454
(-3.03)

-0.452
(-3.04)

Machinery and
Equipment

-0.736
(-4.72)

-0.708
(-5.35)

-0.787
(-5.34)

-0.789
(-5.42)

Transport
Equipment

-0.445
(-2.58)

-0.418
(-2.71)

-0.528
(-3.36)

-0.531
(-3.42)

Wholesale and
Commission

Trade

-8.719
(-5.76)

-8.641
(-5.76)

78.69
(3.07)

80.308
(3.09)

Financial
Intermediation

-8.229
(-5.38)

-8.167
(-5.37)

79.21
(3.08)

80.837
(3.10)

Computer
Services

-7.778
(-5.20)

-7.721
(-5.19)

79.666
(3.10)

81.296
(3.12)

Transportation,
Telecommunicat

ion

-8.688
(-5.97)

-8.569
(-5.93)

78.672
(3.07)

80.299
(3.09)


