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Comment Benjamin Jones

This chapter has a “big think” orientation and reveals numerous insights 
about the innovation process. The starting point is to recognize that knowl-
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edge required for successful innovation is distributed across many agents. 
These agents do not know each other, so their individual knowledge is not 
easily aggregated or shared. The chapter then makes a distinction between 
two types of  knowledge that are relevant to innovation. There is technical 
knowledge—the actual engineering and scientifi c know- how to actually 
make something. And there is entrepreneurial knowledge—knowledge 
about whether there is a market for the new thing and, if  there is a market 
for it, whether there might be other, associated markets and complementary 
recombinant innovations that further justify going down the initial path.

Note immediately that there are some standard innovation fl avors here. 
There is uncertainty about the innovative possibilities. Ex ante, it is ambigu-
ous what these innovative opportunities are, technically and in the market. 
There is also an emphasis on complementarity, both the interdependence 
of knowledge and the consequent interdependence of agents across whom 
the knowledge is divided up.

But the key addition of the chapter is a fl avor of Hayek, asking how dis-
tributed knowledge can be brought together and emphasizing the role of 
the market. If  someone actually delivers an innovation to the marketplace, 
then distributed agents see the innovation and recombine it with their own 
ideas. Before the innovation is delivered to the market, there is an absence 
of  knowledge. The core idea in this chapter is that in making the thing 
and bringing it to the market, the information burden on everybody else is 
relieved. This action turns one agent’s entrepreneurial knowledge—percep-
tion of a particular opportunity—into widespread knowledge, making it 
easier to recombine and build into additional innovations. Another theme 
of the chapter is that this process may be especially critical for general pur-
pose technologies.

The following simple formalization can capture many of the main ideas in 
the chapter and demonstrate the generality of applications that emerge from 
Bresnahan’s analysis. Imagine you are considering an innovation A with 
value V(A), which can be obtained for a cost r. Furthermore, imagine there 
is some possibility of combining innovation A with some other innovation 
B, giving your initial effort some additional value V(A, B). The analysis of 
the chapter hinges on whether you can expect, in this world of decentralized 
knowledge, to capture this V(A, B).

Write the expected return on the innovation A as1

 {V(A) � r} � V(A,B) ∗ � ∗ K.

Let your bargaining power be measured by � ∈ [0,1], defi ning the share of 
the additional income V(A, B) that you would capture. Defi ne K ∈ [0,1] to 
represent the probability that you will perceive the opportunity of V(A,B). 

1. This notation and setup is not quite what was used in initial drafts of the chapter, but is 
simple and sufficient to capture some key ideas.
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The issue is thus partly one of bargaining power over future innovations, for 
example, due to intellectual property rights. The issue is also one of knowl-
edge—you may not know that the recombinant possibility even exists.

The interesting case, of  course, is where V(A) is less than r. Then, on 
your own, you may choose not to produce innovation A given its expense. 
Yet there may be substantial value in the recombination of  A and B. The 
challenge is either that you do not look forward to a large share of  the 
value (� is low) or you do not readily perceive the combination itself  (K 
is low).

The bargaining problem suggests that you need high � to encourage the 
investment in A. However, while high � means that you can appropriate most 
of the market—the V(A,B)—it also implies that other would- be innovators 
become less inclined to create B, because now they cannot get much of the 
recombination benefi t for themselves. This trade- off, and its implications, 
has been studied extensively by Suzanne Scotchmer.

The emphasis and novelty of  this chapter surrounds the question of 
knowledge itself, represented by K. Even if  we solve the bargaining problem, 
you still will not get innovation if  K is low. The innovator has little or no 
idea what this B is. This lack of knowledge could surround technical aspects 
of B, market knowledge for B, and/ or B’s recombinant prospects with A. 
These possibilities may be very hard to foresee, especially when knowledge 
is distributed.

Returning to the Hayek theme, one (imperfect) solution to this knowledge 
problem is for someone to simply create B and bring it to the market. Then 
people see it, resolving the K problem, and now may create A. The market-
place thus helps unleash recombinant innovation.

The general purpose technology (GPT) version of this analysis is to imag-
ine that there are lots of potential innovations that could recombine with 
A (the GPT),

{V(A) � r} � 
  

V (A,Bi )
i

∑  ∗ �i ∗ Ki.

This setup suggests a natural story for “inversion” as the initial step for the 
spread of a GPT. The GPT is originally produced with a narrow application 
in mind. This is the case where V(A) � r and the innovation goes ahead with-
out consideration of the recombinant possibilities. For example, computers 
were originally developed to perform narrowly defi ned calculations, and 
government researchers created the precursor of the Internet for their own 
narrow purposes. There was little knowledge about the ultimate potential 
(the Ki were low). But having produced A, these areas started witnessing 
decentralized innovation. While the A people did not see the Bi—and likely 
were not even thinking about Bi—suddenly there are all these agents think-
ing about A, because now they can see it. So the decentralized Bi people 
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dive in and innovation accelerates; if  A is a general purpose technology, 
decentralized innovations can really take off.

The rest of my comments will depart from the general purpose technology 
focus of the chapter and consider some other applications of this simple 
framework, which can further demonstrate its use.

Consider basic research. Basic research typically shows little or no market 
value directly (V(A) � r) but may have lots of recombinant possibilities for 
commercial innovations (the V(A,Bi) may be large). That is often how econo-
mists describe basic research and the reason it may be underprovided. The 
standard policy solution is subsidization: public institutions pay scientists 
a wage and provide research funds. In addition, we make A freely available: 
we set � � 0 for producers of basic research. Thus the distributed Bs capture 
the full value of recombination, incentivizing their activity. This perspective 
provides a standard description of the “public, open science” model, which 
is a good description of many national innovation systems.

The additional nuance that Bresnahan’s approach reveals centers on the 
dissemination of basic scientifi c knowledge. With basic science, the output is 
not presented as a standard good or service, demonstrating revenues, costs, 
and profi ts in the marketplace. Rather the output is a paper, a seminar, an 
informal chat with colleagues. How does the commercial market learn about 
the new idea or whether it is valuable? That is, how successfully does the 
“public, open science” model solve the “low K” problem? Papers and confer-
ences are part of the solution but may be incomplete; for example, they do 
not convey tacit knowledge. One solution for commercial enterprises may be 
geographic agglomeration around universities. Private fi rms locate around 
Stanford and Berkley, MIT, and so forth, explicitly to increase their K.

In this view, the effectiveness of agglomeration will depend on the capacity 
of private fi rms to search the university for good ideas. That is, the agglomer-
ation solution—using a local network in place of an arms- length market—
is not the Hayek- like solution. Recall the starting point of the chapter—
knowledge is distributed across agents. The market may solve this problem 
when an innovation is sold, but if  direct communication is important to 
acquire basic science ideas (hence explaining agglomeration) then fi rms’ 
acquisition of researchers’ ideas depends on the researcher’s willingness to 
engage. If  the researcher’s interests or incentives are defi ned by producing 
additional basic research, why exactly does the researcher take the fi rms’ 
phone calls? Does the researcher want to spend hours and hours talking to 
private fi rms?

Here the issue of openness becomes more complicated. Namely, the K 
issues and � issues start to interact. Can you tell the basic researcher “you 
have to publish your ideas for free” (� � 0) and also say “you still need to take 
calls from all these commercial people who are going to make all the income 
from your idea”? That is not easy. So perhaps we need to think about giv-



660    Timothy F. Bresnahan

ing some � back to the basic researchers, which would result in higher K for 
others.2 Alternatively, we can imagine that fi rms will simply pay researchers 
for their time (i.e., a consulting fee), which would also raise K. This solu-
tion might be difficult in practice, however, given the substantial compensa-
tion and costly bargaining that might be needed with each researcher, the 
breadth of search the fi rm must undertake, and the bias expansive (and thus 
expensive) search may impose against small fi rms. These are key questions 
for understanding possible market failures in the commercialization of uni-
versity research and the ultimate returns to basic science.

One can also think about standard setting through this lens. Think of a 
standard as an innovative output, A. By publicly agreeing to A, the market 
enhances recombinant possibilities by raising K. This knowledge is not stan-
dard marketplace knowledge based on profi ts from a new innovation, but 
rather acts to reduce market uncertainty about what the standard is going 
to be, facilitating recombination. By providing standards for free, one also 
solves the � problem and creates stronger incentives for further innovation. 
One may then see a role for nonprofi t or government institutions in helping 
set standards.

A last comment regards possible market failures. Ex ante, if  a bargain-
ing problem (�) stymies innovation, then one could integrate the fi rm and 
achieve the fi rst best. With Bresnahan’s starting point, however, the nature 
of knowledge distribution is such that one does not even know who to inte-
grate with. That is the key problem: the fact that you cannot identify the 
recombinant possibilities ex ante means that you cannot easily solve the 
bargaining problem in practice—you cannot integrate your way around 
it. So innovation faces a serious market failure in the sense that socially 
profi table innovation does not occur. At the same time, it is not clear how 
a government realistically solves this problem directly, given that a gov-
ernment cannot obviously create a better information set (especially given 
the advantage of decentralized fi rms in perceiving innovative opportunities 
in their markets). Given the positive spillovers from the initial innovation, 
coupled with these fundamental information constraints, the government’s 
role may then be limited to subsidizing innovation broadly—not just basic 
science, but also commercial innovation, through such policies as research 
and development tax credits.

In sum, this chapter points to knowledge distribution as a key feature 
in understanding innovation, with applications to general purpose tech-
nologies and other areas. This framework also points toward the tension 
between the openness that can allow recombination and the protection of 
one’s own commercial interest that can incentivize the individual innova-
tions themselves. In market settings, the profi tability of the initial innova-

2. This consideration would suggest, for example, some value of the Bayh- Dole Act.
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tion will be sufficient for some innovative activity, and the market then acts 
to encourage recombination. In basic research settings, the institutions of 
public, open science can be understood in the same framework, but the 
analysis suggests that these science institutions may need a further look in 
helping to ensure that fi rms and publicly- supported researchers actually 
engage in efficient knowledge interchange.


