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Creativity Introduction

Creative Innovations

@ More than half a million patents per year granted by the USPTO but
only a handful of those are truly transformative.

@ E.g., in drugs and medical inventions, 223,452 patents between the
years 1975 and 2001, but the median number of citations to these
patents within the next five years was four (and with limited impact
on the technology of the field).

@ But the patent for “systems and methods for selective electrosurgical
treatment of body structures” by the ArthroCare Corporation receive
many more citations and has been transformative for surgical
procedures.

o Similarly, Amazon's patent for “method and system for placing a
purchase order via a communications network” (263 citations within
the next five years) was a game changer for online business.
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Introduction
Modeling Creativity

@ What determines the creativity and productivity of innovations?

@ What are the constraints faced by innovators and firms in pursuing
creative innovations?

@ Why are some firms and countries more creative?

@ This lecture: some ideas and clues about this.
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UEETE GG
The Burden of Knowledge

@ Jones (2009) provides evidence suggesting that innovation is
becoming harder, more specialized and more team-based.

o Age at first innovation has been steadily increasing.
o Likelihood of an innovator switching technological fields has been
decreasing.

o Average number of innovators per patent (team size) has been
increasing.
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UEETE GG
The Burden of Knowledge: lllustration
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UEETE GG
The Burden of Knowledge: Model Ideas

o Consider a model with quality ladders over several product lines, and
suppose that innovation requires combining existing ideas from two or
more randomly chosen product lines (Weitzman, 1998).

@ An innovator needs to master all of the technologies. Suppose that
the cost of this is proportional to total number of prior steps in the
ladder. This is similar to what Jones calls depth of knowledge.

o If all technologies are relatively primitive, then an individual can
master all product lines and thus quickly become an innovator.
@ As technologies become more developed, each individual needs to

spend more and more time mastering information, because there is
more depth, and this means later innovations.

@ After a while, it becomes impossible for individuals to do all of this
mastering, in this case, each individual will specialize and then form
bigger and bigger teams to do the combination of ideas.
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Social Atitudes and Creativity
Social Attitudes and Creativity

@ Schumpeter (1934): a key determinant of creating innovations is a
society's or an organization's openness to disruption—openness to
new new ideas, innovations and practices and tolerance to disruptive
or even rebellious behavior.

o Captured by Facebook’s inscription on its headquarter walls:

“move fast and break things.”

@ Such openness is a function of a company’s “corporate culture,” also
influenced by society-wide institutions and policies and perhaps social
norms ( “national culture™).

e Acemoglu, Akcigit and Celik (2013): modeling the choice between
incremental and radical innovations and the effect of social attitudes
and institutions on this.
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Social Attitudes and Creativity
Related ldeas

@ Gorodnichenko and Roland (2012): propose links between innovation
and individualism and provide evidence using Hofstede’s individualism
data. But no focus on creative innovations, just reporting
cross-country relationships with TFP and growth.

@ There is also interesting empirical literature on age and creativity:
Galenson and Weinberg (1999, 2001), Weinberg and Galenson
(2005), Jones and Weinberg (2011), Jones (2010). The main finding
is that scientists or artists have different styles, more reliant on
creative genius, early in their careers, and more reliant on experience
later in their careers.

o Also, “early” Nobel prize winners have a different style of work than

those who have received the Nobel prize for work done later in their
careers.

@ We will also discuss briefly issues related to technological leadership
and creativity.
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(RNl Social Attitudes and Creativity

Cross-Country Motivation

@ In cross-country data, we can look at various different measures to
capture these ideas.

© Individualism:

o Edmund Burke: individualism as the cause for the community to
“crumble away, be disconnected into the dust and powder of
individuality”.

o Alexis de Tocqueville: individualism in America resulting from the
recognition of individual rights and freedoms and restrained
government.

o Hofstede's index of individualism: “preference for a loosely-knit social
framework in which individuals are expected to take care of themselves
and their immediate family only”.

© Hofstede’s index of uncertainty avoidance.

© New measure of average age of top managers—as a proxy for an open
corporate culture.

@ Institutional variables, such as rule of law.
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Cross-Country Patterns
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Radical and Incremental Innovation
Outline of Theory

A model of endogenous innovations with a choice between
incremental and radical innovations.

@ Incremental innovations run into diminishing returns within a
technology cluster.

@ Radical innovations start new technology clusters by recombining
ideas.

o Related to Innovator’'s Dilemma by Christensen (and Arrow's
replacement effect), radical innovation less likely from more
productive firms (thus some clues about changes in technological
leadership at the firm level).

e Also more original, building on broader knowledge, and will receive
more citations in the future.
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Radical and Incremental Innovation
Outline of Theory (continued)

@ Young managers for the comparative advantage and radical
innovations (more recent knowledge base, less wedded to existing
technologies and practices).

e Assignment of managers to firms by age.

@ But also key is firm type (“corporate culture”): only some type of
firms can undertake radical innovations.

@ Also institutional factors are important.
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Radical and Incremental Innovation
Theory: Additional Predictions

@ Replacement effect and technology effect:

e Radical innovation more likely when current technology is less
profitable because of Arrow's replacement effect.

e Radical innovation more likely when more innovations in the past
because this implies more likely to have run into diminishing returns to
incremental innovations.

Daron Acemoglu (MIT) Creativity October 13, 2016. 13 / 41



Creativity Radical and Incremental Innovation

Firm-Level Evidence

@ Focus on average manager age of a company (from the Compustat).
@ Several different measures of creative innovations (described below).
@ Confirm cross-country patterns with better data and perhaps cleaner
variation,
o Though still only correlations, since manager age related to company
characteristics.
@ Fairly robust correlations.

@ Also broadly consistent with replacement and technology effects.
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Model
Model

Economy consists of continuum of product lines along the circle C.

@ Each product line has a quality g;.

Profits for a monopolist with a leading-edge product quality g;:

7 (q;) = 7q;.

Two types of firms (6,6, ), distinguished by their “corporate culture”
determining their openness to disruption and radical innovation.

e O0y=1>0,=0
o follows a Markov chain, with transition rates v; and vy.
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Managers

@ When a manager is born, she acquires knowledge of the average
technology in the period that she is born:

ap = / qjpdj.
C
@ Manager of age a =t — b has two contributions:

@ cost reduction by the amount of f(a)g;.
@ producing more radical innovations
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Innovations

@ Firms choose between two types of innovations:

@ incremental innovations: improvements within a given technology
cluster.
@ radical innovations: starts a new technology cluster.

@ Incremental innovation:
o Arrives at the rate ¢
o Improves the latest quality g;:
gj,t+at = Gj,t +1n(qj, Ge)

where
1n(qj, Ge) = [kGe + (1 — ) g na”

and & < 1 and n is the number of prior incremental innovations in this

technology cluster.
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Innovation: Radical Innovations

@ Radical innovation arrives at the rate ¢ when pursuing incremental
innovations, and at the rate

0 {¢+AZ‘:] , (1)

when pursuing radical innovations.

e 6 : Firm type, corporate culture, openness to disruption

° % = g7 : impact of manager as a function of its age

e A < 1: institutional restrictions on manager’s radical innovation

e Implication: low-type firms with 8; = 0 never generate radical
innovations and high-type firms generate radical innovations at the rate
1 even when pursuing incremental innovations.

Daron Acemoglu (MIT) Creativity October 13, 2016. 18 / 41



Model
Equilibrium with x =1, =0, and v = 0

@ Focus on stationary equilibrium.

@ To understand the main economic forces, let us also first focus on the
case in which k =1 and ¥ =0, v, = 0 and vy = 0 so that radical
innovations only if pursuing a radical innovation strategy,
improvements in productivity independent of current productivity, and
no transitions between types.

@ This model has a structure similar to Klette-Kortum’s framework,
where the value of the firm can be expressed as the sum of the values
of each one of the firm’s products.

o This significantly simplifies the analysis.
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A
Equilibrium: Low-Type Values

@ Low-type value function for a product line
Vi (g, n) = Vi (g, n) =
~ Vi (gj + gena, n+1)
. f _ ] — 1V, ;)
max {71q; + Gef (a) — wae} +¢ Vi (g, n) Vi (gj.n)

where T is the aggregate creative destruction rate.

@ Equilibrium managerial wage satisfy
Wat = C_]tf (3) .
@ Substituting this into the value function:

Vi (g, n) = Vi (gj,n) =
7qf + ¢ [Vi (g + e’ n+ 1) = Vi (qj,n)] = TV (g5, ).
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. covio LR
Low-Type Values

Proposition

The value function for low types the following form

Vi (g, n) = Aq; + Bg:a”

where
o ¢
r—g+t+¢(l—a)
and -
A= .
T+r
4
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A
High-Type Values

@ For high-types:

Vi (qj, n) — Vi (gj, n) =

. Gef (a) — Wat .
max {19 M¥Xaz0 { ¢ [V (g + gena” n+1) — Vi (g, n)] }
7tq; + maxz>0 {C_hf <a> + AqaelEVH(qt) - Wa,t}
—TtVy (g, n).

o Here EV}y(g;) is the expected (average) value of a new product line
at time t.
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Managers and Innovation

e Equation (1) implies that younger managers have the comparative
advantage in radical innovation.

@ Then there will exist a maximum age a* such that only managers
below this age will work in firms attempting radical innovation.

@ Then profit maximization for high-type firms implies for all a < a*:
Gef (") + AGa-OHEVH(Ge) — War t = Gef (2) + AGAOEVH(Gr) — Ware.
and the oldest manager working for radical innovation earns

Wa* ¢ = C_Itf (a*) .
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Mode
Managerial Wages

@ Hence

G:f (a) for a> a*
Wat = (2)
Gif (a) + AOy [Ga — Gar| EVH(Ge) for a < a*

@ Substituting into the high-type value function, we get
Vi (g, n) = Vi (g, n) =

qj + & [V (q+ ama, n+1) = Vi (g, n)]; | _ |
e { 7q; + AG,+0EVH(G:) T™Vh (g5, n).
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A
High-Type Values

Proposition

The high-type value function takes the following form

Vi (g, n) = Agj + G:B (n), (3)
where -
A= T
r+T

and B (n) is given by

)] forn < n*

(r-g+n) B = { CL B

NGO [(1+17)A+ B

where n* € Z . is the number of incremental innovations within a technology
cluster at which there is a switch to radical innovation such that

mt=[n] s t & |Ap 4 B (0 +1) = B (n)] = Aderi [(1+7) A+ B (0)
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Stationary Equilibrium Characterization

Proposition

o Low-type firms (6 = 6 ) hire “old” managers (a > a*), pursue
incremental innovations.

o High-type firms pursue radical innovations on product lines with more
than n* prior incremental innovations, and hire “young” managers
(a < a*), generating radical innovations at the rate Ag°.

e A higher A (corresponding to the society being less restrictive
towards radical innovations) will reduce n* (so that a higher fraction
of high-type firms will pursue radical innovation), and will increase
the wages of young managers (because there is greater demand for
the knowledge-base of young managers).
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General Characterization

@ Now let us return to the general model and start with the case k = 1.
Proposition

o Low-type firms (0 = 0) hire “old” managers (a > a*), and pursue
incremental innovations.

e High-type firms pursue incremental innovations on product lines with
less than n* prior incremental innovations, hire “old” managers and
generate radical innovations at the rate \, and pursue radical
innovations on lines with more than n* prior incremental innovations,
hire “young” managers (a < a*), and generate radical innovations at
the rate P + AG°.

o A higher A reduces n*.

@ Within-firm prediction: following a switch from low to high type, first an increase
in radical innovations, and then after some more incremental innovations, a switch
to a young manager and a further increase in radical innovations.
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General Equilibrium

@ Determine aggregate growth rate and stationary distribution of firms.

e Equilibrium rate of entry x (exogenous or endogenous). Entrants
replace an existing product line drawn uniformly at random, and then
realized that type, high or low, with probability ¢ and 1 — (.

o Define aggregate creative destruction rate as

a*
T:x+/ AG,0dF (3).
0

@ Decomposed into creative destruction rates from low- and high-type
firms:

a*
th=x(1-¢) and "= x§+/ AG,OndF (a).
0

o Clearly T = 7H + L.
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. covio LR
Stationary Distributions

@ Denote the fraction of product lines occupied by high- and low-type
firms with n prior incremental innovations by uf! and L.

o Naturally
Yoy b k] =1

@ Stationary distributions for high types given by

OUTFLOW INFLOW

(t+uf = o

(t+Quy = ¢ufly  for
Ty = Gy for
utl =0 for
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Mode!
Stationary Distributions (continued)

@ For low types:

OUTFLOW INFLOW
(t+Ous = for n=0
(t+8ps = Cury for n>0

@ These can be solved for the following geometric distributions for high-
and low-type firms:

nooL
‘uﬁz[g] T and

T+¢] T+¢
n .
¥ T—ié] TT—Jréforn<n

Hn =

g " _
[?] %forn—n
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Mode
Aggregate Growth Rate

@ Growth driven by quality improvements. That is,
L
=15

@ During At > 0, the average quality evolves according to the following
law of motion:

Gesne = Ge+1Ge [x +ull QA@} At+ GeCnit [Zg* nhan + Y ‘uﬁgx”} +o(A

Yt

Gt

where Q = % Js @adF (a)
@ Then, the stationary equilibrium aggregate growth rate is:

g =1 [x+uflQAB) + &y [Lg phlam+ Yo ket
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A
Equilibrium with ¥ < 1

@ Insights similar with ¥ < 1, but some new results.

Proposition

Consider the economy with k < 1. Then, for a product line with current
quality q operated by a high-type firm, the manager will be younger and
will pursue radical innovation when the number of prior incremental
innovations is greater than or equal to nf (q), where n} (q) is increasing in
q. That is, a high-type firm is more likely to pursue radical innovation
when its current productivity is lower and the number of its prior
innovations in the same cluster is higher.

@ Predictions related to the replacement effects and the innovator's
dilemma.
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Creativity Firm-Level Results

Firm-Level Results

@ Baseline balanced sample comprises 279 with complete information
between 1995 and 2000.

@ Unbalanced sample extended to 1992-2004 for all firms with CEO
age or patent information.

@ Use average manager/CEO age as proxy for a corporate culture that
is more open to disruption.

@ All regressions are weighted by patent counts and include: firm age,
log employment, log sales, log patent counts, and four-digit SIC
dummies.

@ Robust standard errors are in parentheses.
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Creativity Firm-Level Results

Firm-Level Results

Table 2: Baseline Firm-Level Regressions

Innovation Quality ~ Superstar Fraction  Tail Innovation  Generality
CEO age -0.278 -0.300 -0.151 -0.183
(0.088) (0.141) (0.054) (0.055)
firm age -0.219 -0.238 -0.063 0.029
(0.078) (0.106) (0.029) (0.046)
log employment -1.599 -4.813 -0.908 -4.574
(1.937) (3.376) (0.793) (1.500)
log sales 1.833 5.215 0.743 4.421
(1.425) (2.645) (0.650) (1.331)
log patent 1.073 0.093 0.662 -0.696
(0.769) (1.336) (0.356) (0.633)
R? 0.88 0.81 0.79 0.83
N 279 279 279 279
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Creativity Firm-Level Results

Firm-Level Results

Table 5: Firm-Level Panel Regressions

Innovation Quality  Superstar Fraction  Tail Innovation Generality
Panel C: CEO Age (Fixed Effects), Unbalanced Firm Sample, 1992-2004
CEO age -0.188 -0.149 -0.076 0.036
(0.044) (0.051) (0.023) (0.029)
R? 0.78 0.80 0.44 0.85
N 7,111 7,111 5,803 6,232
Panel F: CEO Age and Lead CEO Age (Fixed Effects), Unbalanced Firm Sample, 1992-Z
CEO age -0.113 -0.084 -0.042 0.042
(0.042) (0.048) (0.019) (0.029)
lead CEO age -0.125 -0.109 -0.043 -0.007
(0.049) (0.044) (0.022) (0.028)
R? 0.78 0.81 0.48 0.85
N 5,409 5,409 4,849 5,097
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Creativity Firm-Level Results

Table 8: Patent-Level Panel Regressions

Innovation Quality

Tail Innovation

Tail Innovation  Generality

(Above 99) (Above 90)
Panel E: CEO Age and Inventor Age, Unbalanced Firm Sample, 1992-2004

CEO age -0.119 -0.317 -1.218 0.028
(0.036) (0.126) (0.388) (0.022)

inventor age -0.233 -0.438 -2.876 -0.019
(0.026) (0.121) (0.321) (0.022)

R? 0.14 0.03 0.09 0.15
N 316,516 316,516 316,516 263,641
Creativity October 13, 2016.

Daron Acemoglu (MIT)

36 / 41



Creativity Firm-Level Results

Indirect Inference: Causal vs Sorting Effects

@ Sorting or the causal effect of manager age?

@ We use indirect inference procedure utilizing the structure of our
model to obtain an estimate of the size of this causal effect of
manager age on creative innovations.

o Exogenous Calibration

discount rate to p = 0.02

normalize T =1

entry rate x = 0.05

exit rate ¢ : fit and exponential distribution to the age distribution of
managers in our sample.

o Indirect Inference: With the remaining parameters, we target:

sales per worker growth

share of young managers (age < 45)

probability of switching to younger manager

ratio of the coefficients of lead to current CEO age of Table 5F.
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Creativity Firm-Level Results

Indirect Inference: ldentification
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@ Thought experiment: A firm wishing to hire a young manager is prevented from doing so.

@ Finding: Causal effects explain less than 1% of the relationship between CEO age and

creative innovations—, the rest being due to corporate culture and sorting effects .

@ Consistent with the importance of corporate culture, it is a combination of inventor age
and CEO age that matters for creative innovations.
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T
Stock of Knowledge and Opportunity Cost Effect

o Is it—as predicted by theory—currently less productive firms that are
more likely like you to switch to radical innovation?

Table 10: Stock of Knowledge, Opportunity Cost, and Creative Innovations,
Unbalanced Firm Sample, 1992-2004

Innovation Quality  Superstar Fraction  Tail Innovation  Generality

CEO age -0.180 -0.216 -0.087 -0.044
(0.027) (0.027) (0.017) (0.016)

log sales 1.465 2.081 0.285 1.201
(0.449) (0.611) (0.272) (0.328)

log patent -0.394 -0.072 0.391 -0.020
(0.193) (0.257) (0.136) (0.151)

CEO age -0.005 -0.071 -0.016 -0.037
X log patent (0.014) (0.021) (0.011) (0.011)
CEO age 0.024 0.079 0.009 0.044
X log sales (0.017) (0.021) (0.012) (0.011)
R? 0.67 0.55 0.31 0.77
N 7,111 7,111 5,803 6,232
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Creativity Firm-Level Results

Cross-country Results

@ Similar patterns at the cross-country level.

Table 11: Baseline Cross-Country Regressions

Innovation Quality ~ Superstar Fraction  Tail Innovation  Generality

Panel A: Average Manager Age

manager age -0.484 -0.960 -0.225 -0.278
(0.225) (0.221) (0.058) (0.056)
log income -0.491 -0.702 -0.136 0.211
per capita (1.153) (1.066) (0.291) (0.468)
secondary years -1.000 -1.359 -0.291 -0.231
of schooling (1.481) (1.462) (0.396) (0.341)
log patent 2.232 2.331 0.591 1.072
(0.706) (0.695) (0.193) (0.222)
R? 0.74 0.82 0.80 0.80
N 37 37 37 37
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Conclusion

@ The tail of innovations might be much more important for knowledge
creation and growth, and we still only have a limited understanding of
what determines these tail innovations.

@ Much that can be done theoretically and empirically on creativity of
the nations and the effect of economic trade-offs, social attitudes and
institutions on creativity.

@ Important area to be explored: internal organization of firms and
creativity.
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