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Policymakers can increase the development of technology by managing their country’s R&D workforce:
their inventors. Policies to develop a target domain (e.g. “solar energy”) frequently fund the training
of new scientists and engineers to eventually work in that domain and invent new inventions. However,
individuals’ productivity follows a heavy-tailed distribution; most new invention is created by only a few
inventors (85% of patents are authored by 30% of inventors). Policymakers can potentially improve a target
domains’ workforce by encouraging top inventors from outside domains to move into the target domain. We
previously examined how inventors move across technological domains, using data from 4 million patents
and 2.8 million inventors. Most inventors (71%) who patent repeatedly are “explorers,” authoring patents
in multiple domains. When explorers began patenting in a new domain they patented 15% more than an
average new inventor who started their career in the same domain. Thus, recruiting explorer can yield more
patents than training a new inventor in a target domain. But where can explorers be recruited from? We
predicted explorers’ paths between domains by creating a network map of 629 technology domains and how
strongly they relate to each other1. Explorers follow the map: an inventor who has previously patented
in a domain like “Shaping Plastics” is over 240 times more likely to successfully patent in a very related
domain, like “Shaping Clay,” over an unrelated domain like “Pleating Textiles”. The map also predicted
performance: inventors who entered domains related to their previous work patented 20% more in the new
domain than inventors who moved to unrelated domains.

Policymakers seeking to increase patents in a technology domain can use the network map to identify
their target domain’s neighbors. The neighboring domains are good targets for recruiting high-productivity
inventors. The network can thus answer a question of workforce attraction: “Where can we get the people
from?” The network can also be used to address the reverse question, of workforce allocation: “Where should
we send the people to?” Both governments and firms often have an existing workforce of inventors with
existing expertise. However, the government’s or firms’s strategy may call for diversifying its technology
portfolio, or even exiting its current domains altogether. Instead of hiring or training a new workforce, it
may be possible to repurpose or nudge the existing workforce to work in new domains. Administrators of
an existing R&D workforce can use the map to visualize where their inventors’ skills are, and then identify
adjacent domains where their inventors may also be productive.

This research has yielded potentially important and useful knowledge for innovation policy and workforce
management. However, our understanding inventors’ movements across technology domains is still far from
complete. Funding from the NBER PIE Program will be used to address two important, additional questions:

1. Do technology domains reap a benefit when their inventors explore elsewhere, or is inventor movement
a zero-sum game that necessitates weighing trade-offs?

2. Are inventors’ explorations into new domains mediated by forming teams with local inventors?

Trade-offs: Is innovator exploration zero-sum?

It is rare that an inventor “emigrates” from one domain to another, leaving their old domain behind and
exclusively inventing in the new domain. It is more common that an exploring inventor begins inventing in
a new domain while continuing to invent in their old domain. Thus, the inventor builds up a portfolio of
domains that they invent in. However, not all domains in the portfolio need receive equal attention. When
an inventor begins patenting in new domains, what is their productivity in their old domains? It could
be that adding new domains to an inventive portfolio creates synergies, and so the inventor becomes more
productive in their older domains. Or it could be that the inventor has a limited capacity for invention, and

1There are numerous ways to use patent data to measure how related are two technology domains (using citations, co-
classification, etc.). However, we developed new methods that show the disparate measurements of relatedness largely agree, if
measured as the deviation from the random expectation.
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working in a new domain substitutes for working in the older domains. This research project will study if
and how inventors’ exploration across technology domains leads to trade-offs in those domains’ growth.

For those determining the R&D policy of governments or firms, whether inventor exploration is a zero-sum
game can dramatically alter strategy. If exploration is not zero-sum, then policymakers may want to broadly
encourage exploring other domains. If exploration is zero-sum, then trade-offs must be made: encouraging
inventors to explore will diminish invention in their old domains. This is not necessarily a problem; the
policymaker may determine that the older domains are not a good investment and should be exited. But
we should learn if nudging inventors to new domains comes at a cost, and quantify what that cost is likely
to be.

Teamwork: How do explorers interact with the locals?

Explorers have collaborators, and those collaborations have ramifications. For example, we have shown that
an explorer is more likely to move to a domain X if one of their previous collaborators had patented in X
before they worked together. But what about explorers’ collaborations in the new domain? Can explorers
enter new domains on their own, or does having a team of collaborators help? Do those collaborators need to
be locals, who started their careers in the domain? It is possible that each inventor is actually permanently
rooted in a specific domain, and they only appear to “move” to a different domain by forming a team with
a local inventor rooted there. Perhaps inventors can indeed invent independently in a new domain, but they
need local collaborators to get them started. This research project will study if and how explorers form
teams as they move across domains. It will also study if teamwork affects explorers’ productivity in their
new or old domains, which could mediate the impact of trade-offs in innovation policy.

For those making R&D policy, whether and how teamwork affects inventors’ flexibility should inform
strategy. If an explorer can enter a new domain without collaborating with local inventors, policymakers
can encourage exploration by encouraging just the explorer alone. But if explorers can only effectively move
to new domains if there are locals to help them, then policymakers must coordinate explorers and locals to
form collaborations. Building such teams would likely be costly, but it may be worth trouble if teamwork
leads to increased productivity for multiple domains.

Purpose of Funding

I am a junior scholar in economics; I have not attended economics conferences and have only a few economist
collaborators. This research project will be more successful if I can leverage more of what the economics field
already knows about innovation workforce management, and if I can communicate new findings in outlets
that economists follow. As such, this funding will be used to build connections with the economics field,
primarily through attending and presenting at economics conferences. I am currently based in Singapore, so
attending conferences in the US or Europe is costly, but this grant will be able to support attending several
conferences.

The other major expense of this project will be computational power. In our research we have persistently
sought not to analyze a sub-sample of the available data (e.g. all semiconductor patents from 1990), but
instead to analyze all patents and all inventors that have a digital record. This strategy has given us more
expansive results and findings that are relevant to multiple interest groups across industries and countries.
However, big data requires big computation, and big computation requires data center fees. The price of
data center time has gone down, which makes our research feasible, but the costs are still not negligible. This
grant will help support the cost of renting data center time, so that we can continue our big data strategy.
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