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ABSTRACT 
 

This paper examines the relation between the innovation output from uni-
versities and the innovation output from industry on a historic-empirical 
data base in the pharmaceutical industry. We suggest a stable cross-country 
pattern of innovation output to exist where public funded universities act as 
a trigger for new scientific developments, opening the way for a new indus-
try to emerge. Our results highlight the importance of publicly funded basic 
research for future socio-economic benefits. 
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1. Introduction  

Since the last two decades pharmaceutical industries are confronted with tremendously increasing 

R&D costs accompanied by a decreasing rate of innovative success. Given this increasingly diffi-

cult development the long term mechanisms linking innovation and industry development are of 

outstanding significance for industry as well as for policy actors. The aim of our paper is to ana-

lyze these long run relationships between public and private innovation processes and industry 

development for the German pharmaceutical industry for the last 110 years. Applying the Neo-

Schumpeterian approach of industry dynamics the mechanisms determining the interplay be-

tween scientific-technological and economic development and the emerging patterns of co-

evolution are in the centre of interest. 

Because of endogenous links between knowledge creation and economic development Neo-

Schumpeterian Economics provides the adequate framework for our empirical research. Ad-

vances in science and progress in technology are the key drivers for economic development. In 

particular we are combining three strands of literature in our empirical model which are highly 

complementary: The theory of technological paradigms und trajectories (Dosi 1982), the theory 

of technological regimes (Nelson /Winter 1982, Malerba /Orsenigo 1997) and the theory of in-

dustry live cycles (Gort /Klepper 1982, Klepper 1997). 

Technological paradigms allow for the analysis of the knowledge spheres, whereas the theory of 

industry life cycles covers the industrial sphere; the two approaches can conceptually be linked 

by the approach of technological regimes. Beginning with the idiosyncratic scientific-

technological features of the pharmaceutical industry, we will connect industry dynamics and 

structural changes drawing on insights of the ILC theory. 

Two historical databases are created, containing active pharmaceutical ingredient data as an indi-

cator for innovative activities, as well as firm data on entry and exit processes in order to deviate 

industry life cycles. While the firm data base contains only German pharmaceutical companies, 

the innovation data also covers new ingredients from all relevant pharmaceutical producing coun-

tries. An outstanding feature of the two data bases is their long time horizon encompassing more 

than 100 years of industry development starting in 1888. This allows us to examine a rather com-

plete record of the techno-economic development of this important industry.  
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Generally we have two aims in mind: 

(i) We want to improve our understanding of innovation driven economic development. On a 

sector level this has to be done by describing and analyzing long-run time-series depicting the 

technological as well as economic dynamics. (ii) The improved understanding of these co-

evolutionary forces is supposed to lead to conclusions which might support and guide decision 

processes in industry and politics. This, in particular holds with respect to the ongoing debate 

about decreasing innovation performance in the pharmaceutical industry and the ongoing concen-

tration processes in this industry. Concerning the ISRICH network, we are interested in a particu-

lar part of the health care system, namely the production of pharmaceuticals and the determinants 

driving their evolution. 

The present paper examines one aspect of these evolutionary determinants in detail: It analyzes 

the interrelations between university research and private research performed in the pharmaceuti-

cal companies. What are the specific relations between basic science and applied research in the 

field of pharmaceuticals and how do they mutually influence each other? Is there a specific direc-

tion of influence from one source to the other? Has basic research a stimulating influence on the 

innovation output of the industry? And, consequently, does public funded research affect the eco-

nomic evolution of the pharmaceutical industry?  

The impact of science on the economic development is an old and well investigated research 

area. In the post-war-area Richard Nelson (1959) and Kenneth Arrow (1962) triggered this pro-

lific field of research and inspired lot of research until today. The writings of Nelson and Arrow 

are considered the starting points of economists engaged in the economics of science and innova-

tion and addressing the meaning of basic research on economic growth and social welfare: 

Whereas Arrow claims that the market allocation of resources within the scientific system has to 

be inefficient, because of the public good nature of sciences’ outcome, Nelson is emphasizing the 

economic impact of science and its contribution to economic growth and welfare. Our work is 

embedded in this literature and should strengthen its insights by an empirical analysis with a very 

long historical time horizon covering the whole record of innovation output from the beginning 

of the pharmaceutical industry at the end of the 19th century until today. In particular, our studies 

are covering innovation processes on the technological side as well as entry and exit processes on 

the economic side. 
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The paper is structured as follows: the second section gives a short overview on the literature 

concerning questions of the relation between science, innovation and the economic realm. The 

third section starts with a description of our innovation database, followed by some descriptive 

results. The final section discusses the results and gives an outlook for future research 

2. Science, Innovation and the Economy 

A huge literature on the connection of science, innovation and the economy exists. It is beyond 

the scope of our paper to give a complete overview. In the following sections, we do only outline 

the most important contributions structuring the field. 

Following the seminal contributions by Arrow and Nelson mentioned above, Nathan Rosenberg 

(1974) emphasizes the fundamental importance of science for the economy concerning the de-

mand as well as the supply side. His starting point is the work of Jacob Schmookler (1966). Here 

Schmookler, by empirically studying several American industries, shows the overwhelming im-

portance for innovation of the demand side. In particular, Schmookler stresses the high correla-

tion between the number of inventions in one industry and the volume of sales. Schmookler ar-

gues, that the need and therefore the demand for certain goods triggers innovative activities in the 

respective fields. In his view, inventions are not limited by scientific or technological restrictions, 

but by the economic dimension of demand. As long as there is demand, science and technology 

generate adequate solutions automatically. Following this view, innovation activities can fully be 

explained with the help of economic variables (Rosenberg 1974, 91-94). 

Rosenberg generally agrees with the importance of the demand side, but also gives a strong ar-

gument stressing the fundamental role of science itself. Rosenberg argues that science and tech-

nology have also an internal logic concerning development; this internal logic also shapes the 

direction and timing of inventions, resulting in different cost structures for innovation activities in 

different industries. To illustrate this, he points to the fact, that scientific disciplines have differ-

ent rates of advance. For example, because of the high state of development in mathematics and 

astronomy, the need for navigation techniques in the sixteenth and seventeenth century could be 

satisfied at this time, whereas the undoubtedly similar existing need for better medical treatments 

could not. The scientific base for improvements in medicine and pharmaceuticals e.g. knowledge 

on bacteriology, biochemistry or organic chemistry was far away any realistic possibility contrib-

uting to advances. Scientific development does not take place shaped only by economic (demand) 

forces, but within a historical path with opportunities and restrictions within its specific scientific 
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discipline (Rosenberg 1974, 97-101). No matter how much money would have been spend in the 

year 1800, neither a wide-spectrum antibiotic nor a satellite to be send in the space could be con-

structed. In economic terms: the supply of certain products was completely inelastic, i.e. elasticity 

is zero at all levels of prices (Rosenberg 1974, 107). Rosenberg concludes that besides such ex-

treme cases, when the supply elasticity is larger than zero but smaller than infinity, or when the 

scientific fundamentals for an innovation are existent, the costs for a science dependent invention 

are declining with growing scientific knowledge. These decreasing costs then justify the public 

funding of basic research. Because there are different states of development in different scientific 

disciplines at one time, the supply curve for inventions in every discipline is different, i.e. the 

innovation costs structure is different. By this Rosenberg highlights the crucial role of science for 

economies by pointing on its inner logic as well as the economic consequences with respect to 

demand and supply. 

With respect to the role of scientific knowledge for economic development the work of Keith 

Pavitt has to be mentioned. Pavitt (1991) states, that the intensity of knowledge transfer from 

basic science to applications or technology differs among industries and scientific fields, an idea 

not un-related to the different science-driven innovation-supply- curves introduced by Rosenberg. 

An example for a very strong relationship offers the pharmaceutical industry. Besides the direct 

impacts from science via technology to economy, Pavitt emphasizes two further influential rela-

tionships: training or skills and unforeseen applications. Being engaged in basic research 

strengthens the capabilities of the involved researchers which is of significant importance for 

firms searching innovative capabilities on the labour markets. Furthermore, often underestimated, 

scientific research, undertaken without any explicit profit motivation, historically has shown to be 

an important source of innovation. Finally, Pavitt addresses absorptive capacities which are cre-

ated by basic research. Absorptive capacities have to be considered as a broader concept than 

originally conceived by Cohen and Levinthal (1989), who introduced absorptive capacities as a 

by-product of regular firm R&D. In order to benefit from potential cross-fertilization effects be-

tween seemingly unrelated technologies (Pyka 1999) a much broader understanding of absorptive 

capacities is necessary and being engaged in basic research is an important source to create these 

competences. 

Discussing from a historical perspective the role of American universities with respect to indus-

trial innovation Nathan Rosenberg and Richard Nelson (1994) come to similar conclusions. 
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Without going into details of the evolution of the American academic system and the changing 

roles of university since the 19th century, the crucial point is that they find an increasing en-

gagement in academic research by industrial sources since the last two decades. Based on this 

finding they focus on the problems this may cause for university research agendas. Universities 

should support industrial R&D, rather than substituting it. Especially in the pharmaceutical indus-

try, which is close to basic science, industrial development is closely related to advances in sci-

ence. Basic research undertaken in university research laboratories is supposed to offer new tech-

nological potentials to be exploited by the industrial actors and should not address specific R&D 

projects. To maintain this borderline between university research and industrial R&D industrial 

funding of universities needs to be controlled severely. This division of labour between basic 

scientific research and applied economic-driven research will lead to mutual benefits in the long 

run. 

So far we stressed the relation between science and economy from a theoretical angle.  The fol-

lowing paragraphs summarize important empirical findings. One of the most prominent advo-

cates is Edwin Mansfield. In a often cited approach (Mansfield 1991) he tries to give answers to 

the following questions: (i) How much are technological innovations in different industries based 

on recent academic research? (ii) How long is the time lag between the beginning of this research 

and the outcome in terms of applicable products? And (iii) what is the social rate of return of ba-

sic research? 

To answer these questions he conducted a survey of 76 randomly selected American firms. There 

he is addressing the question on the proportion of products and process introduced between 1975 

and 1985 that could not have been developed without substantial delay in the absence of aca-

demic research. Relevant academic research is framed within a 15-years period prior to the inno-

vation. In line with the theoretically and historically motivated research, Mansfield finds a large 

variance between different industries. Whereas the mean percentage for the industries was about 

11% for products and processes that could not have been developed without the help of academic 

research, oil industry was lowest with 1%, and drug industry was highest with 27%. To measure 

the economic importance of these products and processes, the sales of products and cost reduc-

tions from the innovative processes are estimated for 1985. The resulting figures are impressing 

24 billion dollars for products (or 3% related to total sales of the firms) and 7.2 billion dollars for 

processes (or 1% of the total costs). With respect to the time lag between first research activities 
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at universities and innovation Mansfield also reports considerable differences between industries. 

The mean value over all industries is 7 years, the time lag e.g. in the drug industry is 8.8 years.  

With respect to the social rate of return from academic research between 1975-1978  Mansfield 

estimated a value of 28%. However, he stresses that this figure is very tentative, although based 

conservative calculations. In a recent paper Diamond (2003) is adjusting Mansfield’s figure to 

40% (Mansfield 1992). 

These figures underline the remarkable impact of science, especially in science-based industries 

like the pharmaceutical industry. These results also confirm the relative importance of scientific 

research compared with other input factors in production. Reducing the amount of basic research 

will clearly lead to a decrease of welfare benefits. 

The above mentioned contributions give a coherent picture of the relationship between scientific 

advance and innovation. All of these studies emphasize the importance of scientific research for 

prolific economic development is common. It is also pointed out, that there are significant differ-

ences between the various industries. It is shown that the pharmaceutical industry is among the 

industries which benefit most from public funded scientific research. However, the empirical 

investigations focus only on the developments of the most recent past. Our research tries to con-

nect the history-oriented perspective with the empirically guided research. We are interested in 

the specific patterns which can be found in the relation between science and economy in a his-

torical perspective. Our historical data base allows for new insights in this respect. Our data base 

is suited to analyze the evolution of pharmaceutical innovations either by its source (e.g. public or 

private funded research) or by its national origin. This allows tracing back the sources of innova-

tions starting from the very beginning of the industry until present days thereby mapping a his-

torical micro based macro path and national specificities.  

The next section starts with a brief description of available innovation data in pharmaceuticals 

and on our data base. 

3. Data 

3.1.  General data basis 

In order to find patterns in the historical development of the pharmaceutical industry and its par-

ticular relationship the scientific sector, we have compiled two data bases describing innovation 

and economic processes. The innovation data base contains active pharmaceutical ingredient data 
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as an indicator for innovative activities. The economic data base collects firm entries and exits 

which allows depicting the industry life cycle of the pharmaceutical industry in Germany.  

First we address the active pharmaceutical ingredient data. To build up the innovation data base, 

we explored various sources in order to find out, how useful they are for our questions.1 Among 

others we scanned data from patent offices, public administration, scientific offices, trade asso-

ciations, publications and pharmaceutical reference books. Altogether the situation concerning 

the question, how much active pharmaceutical ingredients ever have been developed world wide 

revealed to be unclear. The figures ranged between 1200 at minimum up to 12000 maximum. In 

order to clarify this puzzling finding we called several experts, in particular authors of reference 

books. The explanations we find for the large range of ingredients where: 

-  different definitions of pharmaceuticals (medical effects or any biological effect) 

-  a different treatment of substances which are only used in clinical trials, but never came to any 

practical applications 

-  ingredients just introduced in a few countries, but not world wide 

The experts agree that it is impossible to find a well-defined solution to this problem. Addition-

ally, many data sources proved to be inadequate because of covering only a short period, focus-

sing on a particular topic, did not give any information of the introductory year, did not contain 

the information of the innovator (university or company) or the country of origin. Only the book 

written by Walter Sneader (1996) and the data he collected fit all of our requirements. Sneader 

offers an expert selection of the 1200 most important active pharmaceutical ingredients world 

wide since 1800, compiled especially to give an historical overview of the development and evo-

lution in the pharmaceutical area. His data include information on the year of the invention or 

introduction of each substance and hints to the patent specification or scientific publication.  

3.2. Innovation data base 

The Sneader data are compiled to come to grips with the historical development and to give a 

historical overview of the evolution of pharmaceuticals. Sneader states in the preface of his book, 

 

1 A detailed discussion of the data basis would cross by far the frame of this paper. I gave the details at my talk at the 
institute of public health and health economy, university of Augsburg, 16th of June, 2005, see manuscript p. 12 – 23. 
This details will be published in my forthcoming thesis; O.Eger. 
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that he aims to give a genealogical overview of the development of drugs. For this purpose he 

organises his book in six main groups of drugs, divided into 19 subgroups and 244 so called 

“drug prototypes”. He adds a brief historical record of most of the about 1200 drugs or active 

pharmaceutical ingredients. These brief descriptions include information on the year of the drug 

release, which is either the date of introduction or the date of patenting or publication. Often pat-

ent numbers and the exact journal and date of publication are given. 

Using Sneader’s data collection as a starting point, we looked up for every substance the original 

patent specification, if the patent number is given. With patent numbers the specification can be 

collected easily from the European or US patent offices. By this inquiry we generate the neces-

sary information on the institution of the invention (public funded institute, most often universiti-

es2 or private firms) as well as the country of invention. The procedure can be applied to scien-

tific publications.  

3.3. Results 

Our final database has to be considered as an expert selection of around 1200 most important 

active pharmaceutical ingredients world wide since 1800, including their denomination, the year 

of patenting or publication, the institutional sources and the country of invention. In summary we 

count 29 countries. The five most important countries are: USA (31.9%), Germany (20.3%), UK 

(12.8%), Switzerland (11.1%) and France (6.3%). The five countries together cover 81.7% of all 

pharmaceutical active ingredients.  

The shares of the universities’ and firms’ outputs measured by the total output of a country are 

given in the following table: 

 

 

2 The lion share of innovations from public funded institutions comes from universities. Also there are other public 
funded institutions where pharmaceuticals arose from, in the following we only use the term university because of 
linguistic simplification. 

 USA Germany UK Switzerland France 

University 27% 42% 30% 15% 44% 

Company 73% 58% 70% 85% 56% 



 

Table 1: percentage of innovation source (university or firm) in the five most important countries. Source: 

own data, based on Sneader data. 

 

The following figures display the historical developments of the shares of university and com-

pany based innovations. 
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Figure 1: Annual percentage of all university ingredients in all ingredients. Source: own data, based on 

Sneader data. 
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Figure 2: Annual percentage of all company ingredients in all ingredients. Source: own data, based on 

Sneader data. 
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The comparison of figures 1 and 2 shows that from the early days of the pharmaceutical industry 

at the end of the 19th century, the rise of pharmaceuticals stemming from companies continu-

ously increases, whereas the share of active ingredients from universities developed almost con-

trariwise. Furthermore, before the onset of the industry the majority of substances came from 

universities.  

In order to find out whether the patterns in innovation output in figures 1 and 2 can be traced 

back to the aggregation of the different countries, we disaggregate the data for each of the five 

most important countries listed in table 1. 
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Figure 3: Annual percentage of all USA university ingredients in all USA ingredients. Source: own data, based 

on Sneader data. 
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Figure 4: Annual percentage of all USA company ingredients in all USA ingredients. Source: own data, based 

on Sneader data. 

It can be from seen from figures 3 and 4 that the development in the USA somewhat differs from 

the aggregated data. At the end of the 19th century there are only a few pharmaceutical innova-

tions both from universities and from private companies. An increase in innovative output starts 

only after World War I. A possible explanation for the deviating pattern can be found in the his-

torical development of U.S. universities. This is discussed in length by Rosenberg and Nelson 

(1994, 325, 338). They show that U.S. universities were much more application-oriented. The 

decentralized academic system which most often was locally funded specializes in practical and 

vocational problems. The focus was mainly on improving agriculture technologies and training of 

engineering skills. Sophisticated scientific problems were far less important in these early days. 

The universities were supposed to deliver problem solving techniques and a reasonable return to 

their owners. In consequence only a few activities were oriented towards basic research. This also 

holds for organic chemistry which is the most important scientific discipline concerning the de-

velopment of a pharmaceutical industry. Compared to machine tools, agriculture etc. an immedi-

ate relation between organic chemistry and medical needs was not obvious end of the 19th cen-

tury.  

The particularities in the evolution of the U.S. academic system and in the U.S. pharmaceutical 

innovation data, support our arguments outlined in section 2. Without social institutions which 

are able to perceive the potentials of new emerging scientific knowledge and which support sci-

entific advance without having immediate economic aims in mind, no prolific and cross-

12 



 

fertilizing science-driven economic development can take place. In this respect our finding con-

firms the conclusion of Rosenberg and Nelson (1994): academic agendas should not follow too 

closely and exclusively the demands of the economic realm.  

Besides the differences, also similarities can be seen in the comparison of the U.S. figures and the 

aggregated data. The similarities start with the beginning of 20th century when in the U.S. the 

different trend in development changes. Now the university output continuously decreases and 

the industry output steadily increases. This change in trends supports our hypothesis that univer-

sity research can trigger a development in industry or even is the kernel of a completely new in-

dustry.  

Another observation in our data is in line with Rosenberg and Nelson (1994, p. 338). In figures 3 

and 4 one can see two small peaks in the university output after 1945 and a corresponding de-

crease in the industry output. This can be traced back to the structural transition in the funding of 

US universities after World War II where public funding enormously increased, in particular in 

fields of health and defence.  

The second important country for pharmaceutical output, listed in table 1, is Germany. The re-

spective data are displayed in figures 5 and 6.  
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Figure 5: Annual percentage of all German university ingredients in all German ingredients. Source: own 

data, based on Sneader data. 
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Figure 6: Annual percentage of all German company ingredients in all German ingredients. Source: own data, 

based on Sneader data. 

University innovations begin to increase in the middle of the nineteenth century. This finding also 

conforms to the literature (Haas 1981, Drews 1998) which reports the start of first advances in 

modern pharmaceuticals in this period. In Germany we have a permanent decrease in university 

innovation accompanied by an increasing firm innovation output. The beginning of the industry 

output can be placed at the end of the 19th century (Drews 1998, 37). Compared to all other coun-

tries in our database, this is the earliest starting point in pharmaceuticals.  

A potential explanation for the head start of the pharmaceutical industry in Germany has to be 

seen in the severe efforts in German universities indicated in figure 5. A similar record cannot be 

found for any of the other countries. This is accompanied by a further important institutional in-

novation in Germany, namely the German health insurance system which was founded end the 

19th century. The introduction of a general health insurance strengthens the demand side (Drews 

1998, 37). These simultaneous developments in Germany are close to the theoretical discussions 

given by Rosenberg (1974) and reported above: for prolific innovation processes the demand side 

is essential, however the supply side matter, too; without a sound science base no development 

takes off. 

The remaining three countries in our data base are UK, Switzerland and France. Their develop-

ment is displayed in figures 7 to12.  
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Annual shares of ingredients introduced by universities - UK
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Figure 7: Annual percentage of all UK university ingredients in all English ingredients. Source: own data, 

based on Sneader data. 
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Figure 8: Annual percentage of all UK company ingredients in all English ingredients. Source: own data, 

based on Sneader data. 

The starting point of industry activities in the U.K. is relatively late. Nevertheless the well known 

diverse trends in university and industry innovation are repeated in these figures. With accelerat-

ing industry efforts university output slows down. 
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Annual shares of ingredients introduced by universities - Switzerland
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Figure 9: Annual percentage of all Swiss university ingredients in all Swiss ingredients. Source: own data, 

based on Sneader data. 
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Figur 10: Annual percentage of all Swiss company ingredients in all Swiss ingredients. Source: own data, 

based on Sneader data. 

The developments in Switzerland are rather similar to the UK although one has to state that the 

university activities are not pronounced. Again university activities decrease over time and com-

pany activities increase. 
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Annual shares of ingredients introduced by universities - France
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Figure 11: Annual percentage of all French university ingredients in all French ingredients. Source: own data, 

based on Sneader data. 
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Figure 12: Annual percentage of all French company ingredients in all French ingredients. Source: own data, 

based on Sneader data. 

In France we find a high level of industrial innovative activities relative to the other countries in 

the early periods. From the beginning of the 19th century until World War II, however, innova-

tive activities are dominated by universities in France (see figure 11 and 12). 

4. Conclusions 
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The aim of paper is to find patterns in the interaction of basic and applied research in the pharma-

ceutical industry. To summarize the results our data suggests a stable pattern with respect to the 

necessity of broad scientific research undertaken in universities for a prolific industrial develop-

ment. This is shown for our aggregated innovation data as well as for the disaggregated levels for 

the different countries. Innovations generated by universities precede innovation from companies. 

With increasing industrial innovation activities the number of university innovations declines. 

As these patterns can be found in all countries with significant innovation activities in pharma-

ceuticals national specificities do play only a minor role. In this sense Rosenberg (1974) has to be 

understood when he states that every science has its own rules and internal logic with respect to 

scientific advance. It is this internal logic which shapes the direction and timing of invention.  

Our descriptive figures suggest a trigger mechanism of university research for the take-off of 

private innovation activities. Public funded research undertaken in universities acts as an ignition 

spark for the emergence of a new science-based industry. The more companies finally invest in 

search for new pharmaceuticals on the basis of the basic research results, the amount of innova-

tion output shifts away from university to industry.   

The deviation in U.S. data is additionally emphasizing the importance of basic science for the 

economic development in particular in science-based industries. The mission of U.S. universities 

in the 19th century was strengthening application oriented research in agriculture and engineering. 

These conditions were not favouring the provision of a sound scientific base necessary for a sci-

ence-based industry to develop. Furthermore, the German case suggests, that it nevertheless is not 

only technology-push, i.e. basic research undertaken in universities but also demand-pull which 

positively shapes industry evolution. The early introduction of a health insurance system clearly 

favours the development of the pharmaceutical industry in Germany. 

 



 

19 

References 

Arrow, K. J. (1962), Economic Welfare and the Allocation of Resources to Invention, in: Nelson, 
R. R. (ed.), The Rate and Direction of Inventive Activity: Economic and Social Factors. 
Princeton, Princeton University Press. 

Cohen, W.M., Levinthal, D. (1989), Innovation and Learning: Two Faces of R&D. Economics 
Journal 99, 569 – 596. 

Diamond Jr., A. M (2003), Edwin Mansfield´s Contribution to the Economics of Technology, 
Research Policy, 32, 1607 – 1617. 

Dosi, G. (1982), Technological Paradigms and Technological Trajectories, Research Policy, 11, 
147-162. 

Drews, J. (1998), Die verspielte Zukunft – Wohin geht die Arzneimittelforschung?, Basel. 

Gort, M., Klepper, S. (1982), Time Paths in the Diffusion of Product Innovations, The Economic 
Journal, 92, 630-653. 

Haas, H., Ursprung (1981), Geschichte und Idee der Arzneimittelkunde, Mannheim. 

Klepper, S. (1997), Industry Life Cycles, Industrial and Corporate Change, 6, 1, 145 – 181. 

Malerba, F., Orsenigo, L. (1997), Technological Regimes and Sectoral Patterns of Innovative 
Activities, Industrial and Corporate Change, 6, 1, 83 – 117. 

Mansfield, E. (1991), Academic Research and Industrial Innovation, Research Policy, 20, 1 – 12. 

Mansfield, E. (1992), Academic Research and Industrial Innovation: a Further Note, Research 
Policy, 21, 295 – 296. 

Nelson, R., Winter, S. (1982), An Evolutionary Theory of Economic Change, Cambridge, MA. 

Nelson, R. (1959), The Simple Economics of Basic Scientific Research, Journal of Political 
Economy, 67, 297 – 306. 

Pavitt, K. (1991), What Makes Basic Research Economically Useful?, Research Policy, 20, 109 – 
119. 

Pyka, A. (1999), Der kollektive Innovationsprozess – Eine theoretische Analyse informeller Netz-
werke und absorptiver Fähigkeiten, Duncker & Humbolt, Berlin.  

Rosenberg, N., Nelson, R. (1994), American Universities and Technical Advance in Industry, 
Research Policy, 23, 323 – 348. 

Rosenberg, N. (1974), Science, Invention and Economic Growth, The Economic Journal, March 
1974, 90 – 108. 

Schmookler, J. (1966), Invention and Economic Growth, Cambridge. 

Sneader, W. (1996), Drug Prototypes and their Exploitation, Chichester. 


	Oliver Eger
	Horst Hanusch 
	Andreas Pyka
	Oliver Eger
	Horst Hanusch 
	Andreas Pyka

