
Firm Size and Innovation: Evidence from 
European Panel Data  

Sharon Belenzon and Andrea Patacconi 

Duke University, Fuqua School of Business 
University of Oxford 

 AoM PDW, August 2008 



MOTIVATION 

Whether firm size affects corporate investment and innovation is an important  
theoretical and empirical question 

Several theories (Schumpeter, 1942, Galbraith, 1952, Arrow, 1962, Gilbert and  
Newberry, 1982,…) 

Considerable body of empirical research (see, e.g., the survey by Cohen and 
Levin, 1989)  

But few robust stylized facts:  

1.  Results are often inconclusive 

2.  Attention is typically restricted to the 500 or 1000 largest firms in the  
     manufacturing sector 

3.  Limited empirical analysis of basic research-performance relationship (the 
basic research premium, Griliches, 1986) 



OUR CONTRIBUTION 

We develop a new and comprehensive firm-level dataset on patents and 
academic publications  

Two key advantages:  

1.  Covers a wide distribution of firm size 

  About 10 percent of the innovating firms in our sample have less than   
        7 employees and less than $1 million in annual sales   

2.  Provides new systematic data on firm publications (that is, academic 
publications co-authored by employees of one of our firms) 

  Important as firm publications may be a useful proxy for basic research. 
Arguably, firms that conduct more basic research are more likely to 
publish than firms that have a stronger focus on applied research 

  By looking at multiple indicators of innovative activity, we provide a 
richer and more nuanced view on how firm size and innovation interact 



KEY RESULTS 

1.  Private firms contribute substantially to the advancement of basic scientific 
knowledge (~ 200k publications were matched to firms) 

We then study how the performance-innovation relationship varies with firm 
size. We find that: 

2.  The correlation of performance with applied research (patents) is stronger 
for small firms than for large firms  

3.  By contrast, the correlation of performance with basic research (academic 
publications) is stronger for large firms than for small firms 

4.  Evidence for the “basic research premium”, BUT only for very large firms 

7.  These results are robust to: 

  Looking at different measures of performance (TFP and  growth) 
  Controlling for the quality of patents and academic publications 
  Restricting attention to different subsets of the size distribution 



PRESENTATION  OUTLINE 

•  Introduction 

•  Data 

•  Innovation-performance relationship and firm size 

•  Discussion of results 

•  Summary and future research 



1.  Patents (1979-2005) 

  Matched patents from the EPO & USPTO to all European firms (~8 million 
names from Amadeus)  

  Over 15K firms with at least 1 patent between 1979- 2006  

2.  Academic Publications (1970-2006) 

  Matched academic articles published by firms 

  Thomson’s ISI Web of Science: publications in "hard" sciences journals 

   ~200k firm publications, many in leading journals (e.g., “Cell”, “Journal of the 
American Medical Association”) 

3.  Accounting (1995-2005): 

  Amadeus – 4M private & public European firms (inc. historical data) 

  Detailed accounting information over a wide size distribution (~10 percent of 
the innovating firms have less than 7 employees and less than $1 million 
in annual sales) 

DATA - Amadeus, EPO, USPTO and Thomson.  



AN EXAMPLE OF A FIRM PUBLICATION 

MATCHING ADDRESS 
FIELD TO AMADEUS 



FIRM PUBLICATIONS ACROSS FIELDS AND TIME 
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SUMMARY STATISTICS FOR MAIN FIRM CHARACTERISTICS 

  The estimation sample includes all firms that have either at least one 
patent between 1979 and 2004, or publish at least one article (in “hard 
sciences”) between 1970 and 2004 



PATENTS–PRODUCTIVITY RELATIONSHIP ACROSS SIZE CLASSES 



PUBLICATIONS–PRODUCTIVITY RELATIONSHIP ACROSS SIZE CLASSES 



INNOVATION–PRODUCTIVITY RELATIONSHIP AND FIRM SIZE 

Notes: All regressions include complete sets of country, industry (3-digit SIC) and year dummies. The sample covers the period 1995-2004 
and includes all Amadeus firms with at least one patent or one academic publication in "hard" science journals between 1978 and 2005. 
Standard errors (in brackets) are robust to arbitrary heteroskedasticity and allow for serial correlation through clustering by firms. *** 
significant at 1%. 

DEPENDENT VARIABLE: LOG(SALES) 



INNOVATION–GROWTH RELATIONSHIP AND FIRM SIZE 

Notes: All regressions include complete sets of country, industry (3-digit SIC) and year dummies. The sample covers the period 1995-2004 and 
includes all Amadeus firms with at least one patent or one academic publication in "hard" science journals between 1978 and 2005. Standard errors 
(in brackets) are robust to arbitrary heteroskedasticity and allow for serial correlation through clustering by firms. ** significant at 5%; *** significant 
at 1%. 



WHY AMAPAT? US COMPUSTAT AND LARGE EUROPEAN FIRMS  

Notes: All regressions include complete sets of country, industry (3-digit SIC) and year dummies. The sample covers the period 1995-2004 
for European firms and includes all Amadeus firms with at least one patent or one academic publication in "hard" science journals between 
1978 and 2005. For the US, the sample covers the period 1980-2001 and includes only firms with at least one patent or publication over the 
period 1969-2005. Standard errors (in brackets) are robust to arbitrary heteroskedasticity and allow for serial correlation through clustering 
by firms. ** significant at 5%; *** significant at 1%. 

DEPENDENT VARIABLE: LOG(SALES) 
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DISCUSSION OF RESULTS 

Why should basic and applied research exhibit such markedly different patterns? 

Internal capital markets 

  A key benefit of having an active internal capital markets (usually correlated 
with firm size) is headquarters' superior ability to reallocate scarce resources 
across projects, relative to external investors [Stein (1997)] 

  Large firms should therefore perform better than small firms when the amount 
of asymmetric information between headquarters and external investors is 
large (e.g., when the variance of the project is large) 

  Furthermore, headquarters owns and controls the project in which it invests 
and therefore has stronger incentives to improve its quality [Gertner, 
Scharfstein and Stein (1994)] 

  To the extent that basic research is more uncertain, harder to evaluate and 
more sensitive to monitoring than applied research, this yields the pattern of 
results that we observe in the data 



DISCUSSION OF RESULTS  (CONT’D) 

2.  Financial Constraints 

  Basic research is often more risky than applied research and its returns 
accrue further in the future  

  Plausible that financial constraints are more severe in basic research. Firms 
will invest first in applied research and only then in basic research      

3.  Nelson's (1959) diversification hypothesis 

  Nelson argued that a broad technological base may be necessary to find use        
for the uncertain outcome of an R&D project  

  This is especially important when research is close to the basic-science end 
     of the spectrum 



  We develop a novel firm-level database on patents and academic 

publications, covering a wide distribution of firm size 

  Key findings:  

1.  Private firms contribute substantially to the advancement of basic 

scientific knowledge (~ 200k publications were matched to firms) 

2.  The correlation of performance with applied research (patents) is 

stronger for small firms than for large firms  

3.  By contrast, the correlation of performance with basic research 

(academic publications) is stronger for large firms than small firms 

4.  Evidence for the “basic research premium”, but only for very large firms 

  We discuss possible explanations for our empirical findings, including 

internal capital markets, cash constraints and diversification 

SUMMARY 



  Main limitation of our analysis is that it only highlights correlations, without 

showing causality. Future work should try to disentangled the channels 

through which the innovation-performance relationship varies with firm size 

  A natural place to start would be the rich cross-industry and cross-country 

variation in our data 

  For instance, we could test for financial constraints by using different 

measures of industry external dependence (Rajan-Zingales), cash flow, 

age, etc  

  The determinants of open science: incentives for scientists (Stern, 2004) 

and signaling (Hall and Ziedonis, 2001) 

FUTURE RESEARCH  


