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My objectives for today’s talk: 
• Discuss how pressures for better governance since SOX 
and scandals have influenced innovation 

–  I’m not a finance guy (that’s Gustavo) so am curious for your input 

• Cause you to ponder how we conceptualize and measure 
innovation 

–  Patent and cite counts are inadequate and potentially misleading 
–  Highly cited patents correlate with value (Trajtenberg; Harhoff and 
colleagues; Hall and colleagues) but the relationship is very noisy 
and the mechanisms remain poorly explained 

–  We propose more extensive measures that differentiate effort/
productivity vs. creativity/novelty/search 



Managers must be monitored… 

• High-profile scandals of the 1990s (Enron, WorldCom) 
transformed corporate governance landscape 

•  “…the Enron Board of Directors failed to safeguard Enron shareholders and 
contributed to the collapse of the seventh largest public company in the 
United States…” Forbes 2001  

• Since 2002, Sarbanes-Oxley requires majority of 
independent directors 

• Consensus: board oversight has increased 



…but monitoring imposes costs 
• Manager’s career concerns increase (Aghion et al. 2013) 

• Manager’s don’t like to share information (Adams and Ferreira 2007) 

• Managing becomes less appealing (Aghion and Tirole, 1997) 

• Directors themselves “…want to move beyond their 
‘compliance’ (monitoring) role to a more ‘value-
added’ (strategic) role.” (Leblanc and Gillies, 2005) 

• 84% of directors agree that they are spending more time on 
monitoring than on strategy  (Heidrick & Struggles, 2007) 

• 75% of directors want to devote more time to strategy 
discussions (PricewaterhouseCoopers, 2012) 



RQ: What’s the influence of independent 
boards on innovation? 

H1: Firms that transition to independent boards will invent 
more patents. 

H2: Firms that transition to independent boards will invent 
less creative and less novel patents. 



H1: Firms that transition to independent boards 
will invent more patents 

• Independent boards more likely to fire a manager for poor 
performance 

–  so managers (and assumedly their underlings) work harder  

• Increased monitoring alleviates agency problems 
–  less shirking 

• Managers take actions that are – and appear to be – more 
in the interests of shareholders 

–  patents can be counted and adduced as evidence for superior 
performance 



H2: Firms that transition to independent boards 
will invent less creative and less novel patents 

• Independent boards more likely to fire a manager for poor 
performance 

–  so managers become concerned about career - and risk averse 

• Increased monitoring focuses manager on immediate gain 
–  rather than embark on risky new exploration, will harvest currently 
successful approaches 

• Independent boards constrain future flexibility 
–  options created by exploration become more difficult to pursue 

• Risk aversion flattens distribution of citation outcomes 
–  completely failed and breakthrough inventions less likely 



Related literatures 

• Exploration/exploitation and incentives (Arrow, 1969; Weitzman, 1979; 
March, 1991; Manso, 2011) 

• Managerial discretion and agency (Aghion and Tirole, 1997; Burkart, 
Gromb, and Panunzi, 1997; Adams and Ferreira, 2007) 

• Corporate governance and innovation (almost all use patent data):  
– Managerial compensation (Ederer and Manso, 2013; Baranchuk, Kieschnick, and Moussawi, 

2014), firm’s going public decision (Bernstein, 2012) 
– Private equity/venture capital involvement (Lerner, Sorensen, and Stromberg, 2011; Tian 

and Wang, 2014; Chemmanur, Loutskina, and Tian, 2014) 
– Anti-takeover provisions (Atanassov, 2013; Chemmanur and Tian, 2014) 
– Institutional ownership (Aghion, Van Reenen, and Zingales, 2013) 
– Financial market development (Hsu, Tian, and Xu, 2014) 
– Conglomerate structure (Seru, 2014) 
– Analyst coverage (He and Tian, 2013) 
– Stock market liquidity (Fang, Tian, and Tice, 2013) 



Identification from regulatory change 
• No random shock, but exogenous pressures on board 

composition (à increase independent directors) 
 
• 1999:  Blue Ribbon committee  
• 2001:  Enron scandal 
• 2002:  Sarbanes Oxley Act 
• 2003:  Change in NYSE and Nasdaq 

• Focus on switch from minority to majority of independent 
directors after regulatory changes became effective 

–  empirically: 1{board composition > 50% independent} 
• Control group: All firms in compliance before change  



Identification from regulatory change (source IRRC) 
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Data 
• Public U.S. based firms from 1996 to 2006 
• Granted patents applied for 1996-2006 
• NBER data ends 2006, causing truncation of application dates 
• Start with USPTO standardized names in 2012 
• Use NBER assignment of patents to standardized names 
1975-2006 

• Applied this training set to Fung Institute April 2014 dataset 
• Board data from Investor Responsibility Research Center 
(IRRC) 

• Compustat data merged in 
• 337,465 patents for 6,676 observations of 932 firms 



Summary stats 



Diffs in diffs OLS models 
•  Patents, cites, backward cites, self-cites, new 
and old classes, technological distance: 

–  a) Industry FE 
–  b) Firm FE 
–  c) Firm FE and Coarsened Exact Matching (CEM) 
–  d) Firm FE, CEM, and firm specific trend controls 
–  e) Firm FE, CEM, trend, change in control variable influence 

• Controls: Boardsize, total assets, R&D, long term debt/
assets, age, cap ex,Tobin’s Q, CEO tenure, age 

• Robust to Poisson QMLE 



CEM matched 
sample 



No impact of board independence on R&D spending 
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20-30% increase in number of patent grants to firms whose 
boards go independent 
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35-50% increase in number of claims within patents to firms 
whose boards go independent 

This is a relatively unused 
variable in the lit to date 



−.
5

0
.5

1
1.

5

co
ef

fic
ie

nt
 s

iz
e

−5 −4 −3 −2 −1 0 1 2 3 4 5

timeline

b−coefficients 95%−confidence−interval

no. patents

−.
5

0
.5

1
1.

5

co
ef

fic
ie

nt
 s

iz
e

−5 −4 −3 −2 −1 0 1 2 3 4 5

timeline

b−coefficients 95%−confidence−interval

no. citations

40-60% increase in future citations to patents of firms whose 
boards go independent 

This is where most of the 
literature has stopped to date. 



Raw citation counts are 
widely used and shown to 

correlate with value, but 
distribution and type of 
citation less commonly 

used.  

We will break citation distribution 
into separate estimations with 

number of patents in each area of 
the distribution (quantile 

regressions don’t always 
converge but are consistent). 



No consistent signal for number of top 1% cited patents (* p<.10) 



No consistent signal for number of top 2% to 10% patents 



22-35% increase in number of cited but not top 10% patents 



No strong signal for uncited patents 
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Quantile regression of board change on future cites 
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See very similar 
results for quantile 

regression at the 
patent level 
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40-50% increase in backward cites of firm’s 
patents 

Firms move into areas where 
patents cite more prior art (think 

econ vs. management) – what 
does that imply for total citations 

– and assumed value of 
innovations? 
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Pardon the endogeneity: quantile regression of board change on cites in 
future years w/ backward cites (in year of application) as control 

Similar mediation 
by including 

number of 
patents or claims 



25-40% increase in self cites 

−.
5

0
.5

1
1.

5

co
ef

fic
ie

nt
 s

iz
e

−5 −4 −3 −2 −1 0 1 2 3 4 5

timeline

b−coefficients 95%−confidence−interval

backward cites

−.
5

0
.5

1
1.

5

co
ef

fic
ie

nt
 s

iz
e

−5 −4 −3 −2 −1 0 1 2 3 4 5

timeline

b−coefficients 95%−confidence−interval

self−cites

Firms with independent boards 
focus on their extant 

technologies. 



20-30% increase in number of patents in previously 
patented classes 

−.
5

0
.5

1

co
ef

fic
ie

nt
 s

iz
e

−5 −4 −3 −2 −1 0 1 2 3 4 5

timeline

b−coefficients 95%−confidence−interval

no. of patents in known classes

−.
5

0
.5

1

co
ef

fic
ie

nt
 s

iz
e

−5 −4 −3 −2 −1 0 1 2 3 4 5

timeline

b−coefficients 95%−confidence−interval

no. of patents in new classes
Firms with independent boards 

focus on their extant 
technologies. 



No clear signal in number of patents in new-to-
firm classes −.
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Firms with independent boards do 
not explore new technologies. 



Sometimes significant 25% increase in Jaffe measure year to year  

Firms whose boards go independent tend to stay closer to last year’s 
position in technology “space” (working on visualizing this) 



Robustness checks 
•  See same firm level effects at patent level 

–  citation distribution 
–  proportion of back and self cites 

•  Coefficient of variation down for IB transitions 
•  Alternate mechanisms: 

–  lazy manager 
•  explains productivity increase nicely - but no implications for 
explore/exploit tradeoff 

–  career concerns -> risk aversion 
•  split sample by entrenchment index (Bebchuk, Cohen, and 
Ferrell 2009) 

–  greater impact on more highly entrenched managers 



Dependent variable Effect 

R&D No effect 

Patents 20-30% 

Claims 35-50% 

Future citations 40-60% 

Top 1% patents Weak or no effect 

Top 2-10% patents Weak or no effect 

Patents in middle of citation distribution 22-25% 

No cite patents No effect 

Backward cites 40-50% 

Self cites 25-40% 

Old classes 20-30% 

Jaffe measure of tech closeness ~25% effect some models 

New classes No effect 



Research needs to be more subtle in 
conceptualizing and measuring innovation 

• “Innovation” is usually synonymous with patent 
counts/citations/novelty/search/exploration 

–  yet our results demonstrate an inverse correlation 
between counts and cites with novelty and search 

•  Many papers adduce increased patent counts 
and cites as evidence for “risky” innovation 

–  cannot directly speak to risk, but can show how safer 
exploitation strategies lead to greater counts and cites 



Contributions 

• Simple model and consistent evidence for how 
independent boards influence innovation 

–  Firms whose boards go independent exploit current 
technologies at expense of exploring new technologies 

• Metrics for innovative productivity vs. creativity 
–  Reliance on citation counts no solution and possibly misleading 

• Next paper: exploration/exploitation => firm value? 



Correlation Matrix 
  variable 1 2 3 4 5 6 7 8 9 

1 patents 1 

2 all future cites 0.8643 1 

3 no. new classes 
entered 0.7073 0.6012 1 

4 patents in new 
classes 0.7106 0.6073 0.987 1 

5 patents in old 
classes 0.968 0.8344 0.5561 0.5533 1 

6 tech proximity  0.2695 0.2709 -0.0492 -0.0464 0.3578 1 

7 av. back cite year -0.0028 -0.0504 -0.0771 -0.0745 0.0193 0.0234 1 

8 av. inventor age 0.1749 0.1591 -0.0556 -0.0498 0.2288 0.1378 0.2773 1 

9 all back cites 0.9146 0.8405 0.6189 0.6259 0.8885 0.2783 0.1134 0.2349 1 

10 all self cites 0.8774 0.7672 0.4728 0.4725 0.8949 0.3021 0.0777 0.2798 0.8528 



PCA – Varimax rotation 
Variable Comp1 (Exploit) Comp2 (Explore) 

no. new classes entered 0.5667 

patents in new classes 0.5644 

patents in old classes 0.4600 

tech proximity  0.3587 -0.2526 

av. back cite year 0.2522 -0.3081 

av. inventor age 0.3957 -0.3547 

all back cites 0.4441 

all self cites 0.4768   

Rotated components, abs(loading)<0.2 blank 
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A typology of technology search 
strategies 

Next step is to connect 
these strategies with 

performance 


