
Journal of Robustness Reports Submission

Reconsidering of “Competition and Innovation: An Inverted-
U Relationship”
Andrew Gelman1?

1 Department of Statistics, and Department of Political Science,
Columbia University, New York, USA

? ag389@columbia.edu

Abstract

The inverted U relationship held up under a reanalysis, but major concerns remain re-
garding the gap between the data (trends in patents) and the goal of measuring innova-
tion.
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Target article1

P. Aghion, N. Bloom, R. Blundell, R. Griffith and P. Howitt, Competition and innovation: An2

inverted-U relationship, Quarterly Journal of Economics 120, 701 (2005), doi:10.3386/w92693

1 Goal4

To assess dependence on modeling choices of a prominent claim regarding economic competi-5

tion and corporate innovation. The reanalysis does not address concerns about data selection6

and quality.7

2 Methods8

[1] reported “strong evidence of an inverted U relationship” between “product market compe-9

tition and innovation,” with the data graph in Figure 1A and a fitted quadratic regression and10

alternative nonparametric fit in Figure 1B. This is a much-cited paper that gained additional11

notice after two of its authors won the Nobel prize.12

Several concerns arose:13

• Poisson regression was used for non-count data and there is a concern about overdisper-14

sion.15

• The paper is all about an inverted U relationship, but this is driven by assuming a16

quadratic rather than, say, a curve with diminishing returns.17
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• The quadratic is a poor fit to data, and the nonparametric curve in Figure 1B looks even18

worse.19

• The model predicts patents from profit margin in the same year, with no lag.20

• The outcome is some weighted count of patents but represents the more abstract concept21

of “innovation,” and the predictor is an average of profit margins but represents the more22

abstract concept of “competition.”23

I performed a series of reanalyses, culminating in a model that addressed the first three of24

the above issues:25

• Rather than using a Poisson or quasipoisson regression for weighted patents, I fit a linear26

regression to log(weighted patents+ 1).27

• Rather than a quadratic regression, I used the hinge function,28

E(y|x) = a+ b0(x − x0))+ (b1− b0)δ log(1+ exp((x − x0)/δ), which has an inverted U29

shape if b1 < 0< b1 [2].30

• Following the original paper, I also included industry and year effects, but using a mul-31

tilevel model, as is appropriate given the sparsity of the data in some industries.32

Justifications of these choices and intermediate models are at [3].33

3 Results34

Figure 1C graphs the data and fitted curves by industry, which follow the inverted U, with a35

posterior probability of over 99% that b1 < 0< b1.36

However, I still don’t think the paper offers strong evidence for its claims. I doubt the use37

of patent counts to proxy for innovation, and there are concerns about the selection of data38

used in the study. Also, the curves explain very little of the variation in Figure 1C, and the U39

shape is highly sensitive to the choice of fitting the same shape for all industries.40

4 Conclusion41

My reanalysis followed the structure of the published analysis but differed in the use of a42

transformation, the distribution the error term, the use of multilevel modeling, and a differ-43

ent functional form for the curve. The result was qualitatively similar to that in the published44

paper. However, I don’t think the paper offers good evidence for its claims because of measure-45

ment issues and because the quantitative result is sensitive to the assumption that the curve is46

the same is across industries, a model assumption that remained in my reanalysis.47

Acknowledgments and Disclosures48
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Figure 1: (A) from [1]. Original figure is labeled, “Scatter Plot of Innovation on
Competition,” with caption, “The figure plots a measure of competition on the x-axis
against citation-weighted patents on the y-axis. Each point represents an industry-
year. The scatter shows all data points that lie in between the tenth and ninetieth
deciles in the citation-weighted patents distribution. The exponential quadratic curve
that is overlaid is reported in column (2) of Table I.” The quadratic coefficient was
statistically significantly different from zero. (B) from [1]. Original figure is labeled,
“Innovation and Competition: Exponential Quadratic and the Semiparametric Speci-
fications with Year and Industry Effects,” with caption, “The figure plots a measure of
competition on the x-axis against citation-weighted patents on the y-axis. Each point
represents an industry-year. The circles show the exponential quadratic curve that is
reported in column (2) of Table I. The triangles show a nonparametric spline.” (C)
Data by industry and fitted hinge model. For each plot, black dots show the data for
that industry, with a large dot showing the data from the first year of the data and thin
black lines showing the time sequence. The model had additive effects for industry
and year; for each industry, the curves show the fitted model corresponding to an av-
erage year, with the blue curve representing the posterior median of the parameters
and the red curves corresponding to 20 draws from the posterior distribution.
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