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Innovation and entrepreneurial firms 
New firm formation may help bring innovations to the market.  

Tolerance to risk, experience, general and human capital, the importance 
of barriers to entry and the scope of the technological opportunity to 
exploit shape new firm formation.  
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New firm formation may help bring innovations to the market.  

Tolerance to risk, experience, general and human capital, the importance 
of barriers to entry and the scope of the technological opportunity to 
exploit shape new firm formation.  

New firms more likely to commercialise radical innovation than 
incumbents (Henderson, 1993; Tushman & Anderson, 1986) because of 
incumbents’:  

 established process management practices and organisations may 
impede change (e.g. ‘architectural innovations’,  Henderson & Clark, 
1990); 

 ‘Rigidity’ due to accumulated organisational and technological 
knowledge (Christensen & Bower, 1996); 

 Inability to lead several technological waves (Benner & Tushman, 2002); 

 Fear to cannibalise own markets. 
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Cross country and economy-wide         

evidence on post-entry performance                             
and innovative activities of start-ups scarce. 

 
 

 



Measuring patent quality 
The patent based indicators proposed: 

 Are based on existing literature; 

  Try to capture the technological importance of the invention,          
its economic value, and the possible impact on subsequent 
technological developments.  

 Rely on information contained in the patent documents: 

 -> can be constructed for all patents, 

 -> rely on a homogeneous set of information, 

 -> comparable across countries and over time. 

 Rely on EPO’s Worldwide Statistical Database PATSTAT,             EPO 
patents.  

 Technology  fields defined according to Schmoch (2010).  

 Compiled over year & technology field cohorts; normalised with 
respect to max values. 
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Patent scope 
Is associated with the 

technological and economic 
value of inventions: 

 Patent scope relates to the 
valuation of a firm; broad 
patents are more valuable 
(Lerner, 1994). 

 Patents’ scope to be used to 
foster early disclosure of 
fundamental innovations 
(Matutes et al., 1996). 

  Definition: (follows Lerner, 1994). 

Number of 4-digit subclasses of 
the International Patent 
Classification (IPC) the 
invention is allocated to.      
Larger number => broader 
scope.  

  
Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 



Patent family size 

Families are patents filed in 
several countries and related 
to each other by one or 
several common priorities. 
Patent family size: 

 Is associated to the 
economic value of patents 
(Lanjouw et al.,  1998). 

 Large international patent 
families have been found to 
be particularly valuables 
(Harhoff et al., 2003). 

  Definition: number of patent 
offices at which an invention 
has been protected by a 
patent. Larger number => 
more valuable patent. 

Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 



Number of claims 

Is associated with the 
technological and 
economic value of 
inventions: 

 Determines the technology 
and subject matter   
protected by law. 

 Reflects the expected 
economic value of a patent 
(Tong & Davidson, 1994; 
Lanjouw & Schankerman, 
2001, 2004). 

  Definition: number of claims 
per patent.  

Larger number => more 
valuable patent. 

  

Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 



Backward citations 
Patents cited in the patent 

document. Are used to 
assess patentability: 

 Are positively related       
to value of patents   
(Harhoff et al., 2003). 

BUT 

 May signal inventions     
of incremental nature 
(Lanjouw & Schankerman, 
2001). 

  Definition:  

Number of patents cited in 
the patent document. 
Includes self-citations. 

More citations => more 
valuable patent.  

Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 



References to Non-Patent Literature (NPL) 
Part of backward citations. 

Help assess patentability. 

 Reflect closeness to 
scientific knowledge 
(Callaert et al., 2006). 

 Patents with NPL contain 
more complex and 
fundamental knowledge 
(Cassiman et al., 2008). 

 Patents with NPL are of 
significant higher quality 
(Branstetter, 2005) 

  Definition:  

Share of  NPL citations in a 
patent document. 

Higher NPL share => more 
valuable patent.  

Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 



Forward citations 
Citations received by 

subsequent patents. 

 Mirror technological 
importance for 
subsequent developments 
(e.g. Trajtenberg et al., 1990). 

 Include self-citations, as 
these may be more 
valuable than external 
cites (Hall et al., 2005). 

Definition:  

Number of citations received 
in 5 year time after 
publication. Corrected for 
patent equivalents.  

More citations received => 
more valuable patent.  

Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 



Breakthrough inventions 
Capture the extent to which 

inventions serve as basis for 
future tech developments.  

 Are associated with 
entrepreneurial strategies. 

 Patenting grows much more 
in cities and technologies 
where breakthrough 
inventions occur (Kerr, 2010). 

Definition (follows Ahuja & 
Lampert, 2001):  

Top 1% cited patents in each 
cohort (technology field and 
year). Forward citations 
counted up to 5 years after 
publication. Counts 
corrected for equivalents.  

Breakthroughs more valuable.  

Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 



Radicalness 
Radicalness difficult to 

measure.  

A radical invention is novel, 
unique, and impacts on 
future technology (Dahlin &  
Behrens, 2005).  

Radicalness linked to firm 
formation and 
entrepreneurship . 

 Definition (based on Shane, 2001):  

Sum of the weighted fractional 
counts of IPC 4-digit codes 
of patent j cited in patent p 
that are not allocated to 
patent p, out of np backward 
citations.  

More radicalness  => more 
valuable patent.  

Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 



Grant lag 
The time elapsed between 

application and grant dates 
reveals applicants’ belief 
about value of the patent: 

 Well-documented patents 
are approved faster 
(Harhoff & Wagner, 2009). 

 Time to grant depend on 
effort made by filing party 
(Régibeau & Rockett, 2010). 

  Definition:  

GrantPi=1-Δt/Max(Δti),    where: 

Δt is the grant lag (days);  

Max(Δti) the max lag of cohort i 

Shorter grant lag => more 
valuable patent.  

Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 



Generality 
Mirrors number and distribution of  

forward citations and IPC 
classes cites belong to.  

 Captures importance of patents 
for later developments, and 
number of fields where they 
happen (Bresnahan & Trajtenberg, 
1995; Hall et al., 2001). BUT 

 No difference btw IPC classes 
(Hall & Trajtenberg, 2004). 

Definition: (follows Hall & 
Trajtenberg, 2004). 

Generalityp=1-ΣjSpj
2,   where 

Spj the share of forward cites 
to patent p from class j out of 
np 4-digits IPC tech classes.   

Higher generality  => more 
valuable patent.  

Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 
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Main differences with HT 
(2004): 

 Rely on 4-digit IPC classes;  

 Use all IPC classes in both 
cited & citing patent 
documents; 

 Rely on fractional counts 
based on 8-digit IPC classes 
info;  

 Do not apply the correction 
factor Ni/(Ni-1) but accounts 
for patent equivalents 
 



Patent quality 
Patent quality (PQ) synthesises 

economic and technological 
value of patents.   

Accounts for 4 to 6 dimensions: 

 PQ(4): Forward citations; 
family size; number of 
claims; generality index. 

 PQ(6) = PQ(4) + Backward 
citations; grant lag. 

Definition (based on Lanjouw & 
Shankerman, 2004):  

Unweighted average of 
normalised 4 (or 6) 
components. Patents cohorts 
stratified by year & tech field. 

Higher quality => more valuable 
patent. 

 

  Source:  OECD, calculations based on PATSTAT, EPO, April 2011. 
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Main differences with LS 
(2004): 

 LS 4 components: claims, 
bwd & fwd cits, family size;  

 LS use sector & indicator-
specific weights (calculated 
through factor modelling). 

 

 
 



Generality & technological proximity 
Generality index does not account for tech distance between IPC classes. 

Hall and Trajtenberg (2004) suggest correcting the generality measure 
using weights that are inversely proportional to the technological 
proximity of the classes considered.  

Two main approaches to assess technological proximity: 

1. Patent citations. Citations capture the knowledge on which patented 
inventions build -> the technology classes of cited patents should be 
“close” to the class(es) of citing patents.  

 Methodology used by e.g. literature concerned with identification and 
role of general purpose technologies (e.g. Hall and Trajtenberg, 2004; 
Youtie, Iacopetta and Graham, 2007; Feldman and Yoon, 2011).  

1. Co-classification or co-occurrence of tech classes in patent 
documents. The frequency of joint use of technology classes in patent 
documents should mirror the strength of their relationship (see e.g. 
Engelsman and van Raan, 1992; Breschi, Lissoni and Malerba, 2003).  

 



Technological proximity: citations - EU 
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Source: OECD 2012 calculations based on the Worldwide Patent Statistical Database, October 2011 
Legend: X axis: class of the cited patents; Y axis: class of the citing patent. The legend refers to the intensity of the link, in %  
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Technological proximity: citations - US 

Source: OECD 2012 calculations based on the Worldwide Patent Statistical Database, October 2011 
Legend: X axis: class of the cited patents; Y axis: class of the citing patent. The legend refers to the intensity of the link, in %  



Technological proximity: citations         EU - US 

Source: OECD 2012 calculations based on the Worldwide Patent Statistical Database, October 2011 
Legend: X axis: class of the cited patents; Y axis: class of the citing patent. The legend refers to the intensity of the link, in %  
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Generality weighted index 



Patent “quality” & firm characteristics 
Correlations controlling for industry, technology, year and country effects. 

Pooled cross-sections; poisson, probit, and tobit – depending on dep 
variable. 

 Scope: age (-); MNEs (+); 

 Family size: age (-); 

 Claims: age (-);  

 Forward citations: age (+); size (+); MNEs (+); 

 Breakthrough: age (+);  size (+); success (+); 

 NPL: age (-); patents per year (+); 

 Radicalness: success (-); MNEs (-); 

 Grant lag: granted stock (+); success (+); MNEs (-); 

 Generality: size (-). 

 

 



Next steps 

 Construct firm-specific (in addition to patent-specific) citation-
based measures, to better investigate technology flows; 

 Construct additional indicators (radicalness measure à la 
Dahlin & Behrens (2005); Patent renewals-based measures); 

 Test robustness of indicators and investigate possible Office-
specific and cohort-related features; 

 Analytically investigate the relationship between patent 
“quality” indicators, firm characteristics and firm performance 
using Business Register data; 

 Address the role of policy (e.g. R&D support, access to finance). 

 ………. 

  

 



Tests  
&  

Stats  
 



Tests 
 Overlap of patent quality indexes (i.e. PQ(4) and PQ(6)) over the 

period 1990-2004: 

 Top median 93.1% - 87.3% 

 Top quartile 86.1%  - 75.7% 

  Top decile 77.7% - 64.7% 

 Correlation between PQ(4) and PQ(6), 1990-2004  

 Ranges between 0.95 and 0.88 

 Time sensitivity analysis: one year versus three-year averages. T test 
only seldom significant, mainly in the case of patent family size.  

 Pairwise correlation matrix 

Differences 
generally 
increase 

over time 



Tests - Pairwise correlation matrix 
 

1990-94

Patent scope 1.00

Claims 0.09 *** 1.00

Family size 0.17 *** 0.15 *** 1.00

Grant lag -0.10 *** -0.15 *** -0.14 *** 1.00

Backward citations 0.05 *** 0.21 *** 0.08 *** -0.13 *** 1.00

NPL shares 0.12 *** -0.03 *** 0.06 *** -0.13 *** -0.27 *** 1.00

Forward citations 0.08 *** 0.10 *** 0.04 *** 0.01 *** 0.06 *** -0.03 *** 1.00

Radicalness -0.02 *** 0.03 *** -0.04 *** -0.03 *** 0.04 *** 0.02 *** -0.02 *** 1.00

Generality 0.56 *** 0.05 *** 0.09 *** -0.03 *** 0.01 ** 0.05 *** 0.10 *** 0.14 *** 1.00

Quality index (6) 0.50 *** 0.33 *** 0.38 *** 0.15 *** 0.30 *** -0.06 *** 0.39 *** 0.10 *** 0.82 *** 1.00

Quality index (4) 0.54 *** 0.34 *** 0.42 *** -0.09 *** 0.10 *** 0.04 *** 0.39 *** 0.10 *** 0.87 *** 0.94 *** 1.00

2000-04

Patent scope 1.00

Claims 0.08 *** 1.00

Family size 0.14 *** 0.14 *** 1.00

Grant lag -0.09 *** -0.09 *** -0.08 *** 1.00

Backward citations 0.03 *** 0.13 *** -0.01 *** -0.05 *** 1.00

NPL shares 0.10 *** -0.02 *** 0.06 *** -0.10 *** -0.27 *** 1.00

Forward citations 0.05 *** 0.04 *** -0.08 *** 0.03 *** 0.06 *** -0.04 *** 1.00

Radicalness -0.04 *** 0.03 *** -0.03 *** 0.00 *** 0.04 *** 0.03 *** -0.02 *** 1.00

Generality 0.57 *** 0.06 *** 0.09 *** -0.05 *** 0.02 *** 0.07 *** 0.08 *** 0.14 *** 1.00

Quality index (6) 0.46 *** 0.25 *** 0.34 *** 0.35 *** 0.22 *** -0.02 *** 0.32 *** 0.11 *** 0.80 *** 1.00

Quality index (4) 0.54 *** 0.28 *** 0.40 *** -0.07 *** 0.05 *** 0.07 *** 0.34 *** 0.11 *** 0.90 *** 0.89 *** 1.00

* p<0.05; ** p<0.01 ; *** p<0.001

Generality Quality 
index (6)

Quality 
index (4)

Patent  
scope

Claims Family
size

Grant 
lag

Backward 
citations

NPL 
shares

Forward 
citations

Radicalness



 
 

Mean Mean Mean
(standard dev) (standard dev) (standard dev)

2.22 2.16 2.21
(1.35) 1.00 3.00 (1.33) 1.00 3.00 (1.35) 1.00 3.00
0.80 0.75 0.79

(1.84) 0.00 1.00 (1.88) 0.00 1.00 (1.85) 0.00 1.00
5.18 5.01 5.14

(4.28) 3.00 7.00 (4.17) 3.00 6.00 (4.25) 3.00 6.00
16.88 17.66 17.08

(14.45) 8.00 21.00 (14.39) 9.00 22.00 (14.43) 9.00 21.00
0.44 0.44 0.44

(0.35) 0.00 0.75 (0.35) 0.00 0.75 (0.35) 0.00 0.75
0.59 0.58 0.59

(0.34) 0.33 0.88 (0.35) 0.31 0.87 (0.34) 0.33 0.87
0.05 0.06 0.05

(0.10) 0.00 0.06 (0.10) 0.00 0.06 (0.10) 0.00 0.06
6.62 6.74 6.65

(4.16) 4.00 8.00 (4.31) 4.00 8.00 (4.20) 4.00 8.00
0.12 0.13 0.12

(0.24) 0.00 0.13 (0.25) 0.00 0.17 (0.24) 0.00 0.14
0.47 0.50 0.48

(0.19) 0.33 0.62 (0.19) 0.37 0.65 (0.19) 0.34 0.63
0.42 0.45 0.42

(0.20) 0.27 0.58 (0.20) 0.31 0.61 (0.21) 0.28 0.59
Grant_lag_out

Patent Scope

Forward citations

Backward citations

Number of Claims

Generality

Generality (Weighted)

0.02

6.00

0.00

0.50

0.00

0.53

0.02

6.00

0.00

0.50

Radical (Original)

Family size

NPL_Share

Grant_lag

0.45

Median
p25-p75

All patents

2.00

0.00

4.00

13.00

0.49

0.71

0.48

Unmatched patents
Median
p25-p75

0.44

Matched patents

2.00

0.00

4.00

14.00

0.48

0.69

0.02

6.00

0.50

0.71

13.00

Median
p25-p75

2.00

0.00

4.00

Sample characteristics 
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