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Outline

2

• The end of innovation? 

• The symptoms of the malaise
• Excessive investment in innovation? – If ideas are harder to find, why are we trying so 

hard to find them?

• From Bohr to Pasteur – most university research difficult to apply

• Biases in the direction of innovation? – missing middle

• A partial diagnosis: a division of innovative labor.
• Big firms – more R&D, more incremental 

• University and firm gap bigger 

• Startups :  value capture problem 

• Govt policies

• Other stuff

• What is to be done?  The burning questions of the moment 



The end of innovation?

Source: Gordon (2016)

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

50,000

1
9

8
0

1
9

8
2

1
9

8
4

1
9

8
6

1
9

8
8

1
9

9
0

1
9

9
2

1
9

9
4

1
9

9
6

1
9

9
8

2
0

0
0

2
0

0
2

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

2
0

1
8

2
0

2
0

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

$
1
0
 M

 /
 N

o
. 

o
f 

D
o
c
to

ra
te

s

N
o
. 

o
f 
P

u
b
lic

a
ti
o
n
s

U.S. Scientific Investment and Output (1980-
2021)

Number of S&E Publications

U.S. Research Expenditure in constant
$10M

Doctorates Awarded in Science &
Engineering

Sources: NSF, Web of Science



On the other hand … 

The fruits of technological 
progress are coming forth at an 
undiminished rate

COVID mRNA vaccine

CRISPR

ChatGPT

Renewable energy

4



More incremental? 
Papers and patents are becoming less disruptive?

5 Park, M., Leahey, E. & Funk, R.J. Papers and patents are becoming 
less disruptive over time. Nature 613, 138–144 (2023)



On the other hand …
Scientific progress continues at an undiminished rate
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Park, M., Leahey, E. & Funk, R.J. Papers and patents are becoming less disruptive over time. Nature 613, 
138–144 (2023)

The number of disruptive paper and patents 
has NOT declined



The end of innovation? No, but there are problems 

The symptoms of the malaise

• Innovation is incremental

• Ever increasing investments in 

universities are yielding less

• Innovation is lopsided – “we 

wanted flying cars, instead we 

got 140 characters”

A partial diagnosis: Division of 
innovative labor

• Large firms produce more 
incremental innovations on 
average

• University research needs to be 
embodied for commercial 
application

• Startup innovations leave a missing 
middle
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The division of innovative labor

A brief history of the last 150 years of innovation in 5 slides
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“I am fully convinced that it … never will pay 
commercially, to keep an establishment of 

professional inventors… 
The duties of the patent department  … (should be) 
… examining patents or inventions submitted by the 
public for consideration and 
… examining descriptions of inventions forwarded by 
the company's employees.”

T.D. Lockwood, on the “Duties of the patent department”, AT&T, 1885
(cited by Lamoreaux & Sokoloff, 1999)

The division of innovative labor in America, 1850-1900
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StanleyEdison

WestinghouseSperry

Thompson

Railroads relied on external 

inventions



The rise of industrial research (Arora, Belenzon, Kosenko, Suh, Yafeh, 2023)

Breakthrough innovations in 20th

century need science

American universities unwilling to 

unable to supply … but do train the 

required human capital

Barn used by GE’s Steinmetz as Private 
Laboratory in 1900, 1901

Einstein

Einstein’s Tour of RCA’s NJ Wireless Station
1921

Steinmetz (GE)

Langmuir (GE)

Sarnoff (RCA)



World War II: The practical applications of science 
reinforced (both govt and private investment!)



The Golden Age, 1940-1980: 
The American innovation ecosystem rested on industrial research

Irving Langmuir, GE
(1932, Chemistry)

Clinton Davisson, Bell Labs
(1937, Physics)

Walter Brattain, Bell Labs
(1956, Physics)

Phil Anderson, Bell Labs
(1977, Physics)

Leo Esaki, IBM
(1973, Physics)

William Shockley, Beckman 
Instruments (1956, Physics)

Jack Kilby, Texas 
Instruments

(2000, Physics)

Arno Penzias, Bell Labs
(1978, Physics)
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Post 1980s: Most companies withdraw from research, but 
Some American firms continue to invest in research… 

Bell Labs Holmdel Complex, 2010s

39.3%

32.0% share of basic 
and applied 

research in total 
business R&D
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Basic and applied research in business funded R&D, 
1953-2021

Jeff DeanGeoffrey Hinton

Google Brain’s “Cat Paper” Team



The division of innovative labor and 

the implications for the rate and 

direction of inventive activity
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Incumben
t Firms

VC & 
Startup

s

Univer
sities

The division of innovative labor has 
enhanced innovation
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But 

changes in industrial structure 
increase value of marginal 
innovation

Incumbent firms have less 
absorptive capacity to use 
university research

Startup innovations leave gaps
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Human capital increases corporate 
patents and publications (complement)

University Invention reduces corporate 
patents and publications (substitute)

University knowledge has no effect
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Arora, Belenzon, Cioaca, Sheer, Zhang.  In progress

Less to show from more science? 
A longer distance from Bohr to Pasteur

The decline of R in corporate R&D –
lower ability to absorb university 

science unless embodied in people 
or developed into inventions
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innovation
 Increase R&D investment
More incremental 

innovation 
 Average quality of 

innovation falls

Looks like ideas are harder to 
find

Incrementalism: 
If ideas are hard to find, why are we trying so hard to find 

them? 



Innovations in larger firms: 

• higher private value but 

average lower quality

• similar top quality



Mind The Gap
140 characters but no flying cars?

Innovation Ecosystem is unbalanced 
(Lerner & Nanda, 2020)

VC investment is narrowly focused by 
sector

Two potentially important gaps

Direction: “deep-tech” e.g., 
materials, energy, environment, 

Impact: industrial research is mission 
oriented, and hence, 
multidisciplinary, and larger in scale 
and scope   disappointing 
productivity growth linked to decline 
in industrial research



Impact: Corporate science is multi-disciplinary, mission-
oriented

Jeff DeanGeoffrey Hinton

Google Brain’s “Cat Paper” Team

Corporate Labs remain at the forefront in some key 
emerging technologies …  the loss of corporate research in 
other sector hurts

0

20

40

C
o
rp

o
ra

te
 S

h
a

re
 (

%
)

Share of Corporate Publications in 
ICML

(Hartmann & Henkel, 2019)



What is to be done?  Where to begin?
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