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Executive Summary

B
Key takeaways:

* New and improved products and processes emerge from the U.S. science and engineering (S&E) enterprise through an
interconnected system of invention, knowledge transfer, and innovation. This system is characterized by both
competition and collaboration.

¢ |Intellectual property registration data, such as patents and trademarks, provide indicators of invention and the
introduction of new products; they are growing in number as digitization increases the importance of intellectual
property protection. Patent and trademark applications more than doubled globally between 2008 and 2017, with
middle-income countries worldwide rapidly increasing their participation in this activity.

¢ Engineering-related patents, both electrical and mechanical, made up about half of all patents granted by the U.S.
Qbufoulboe!Usbefnbsl!Pggjdf)VTQUP*jo!3129/!Uxp!bsfbt!pgljogpsnbujpo!boe!dpnnvojdbujpolufdiopnphjft!)IDU* I
dpngvufsiufdiopnphz!boelejhjubnidpnnvojdbujpo I hsFx!rvjdInz!tjodf13111!boe!sfdfjwFe!gbsujdvibsizitbshflovncfst!pg!
patents. Patent-intensive industries in the United States are also research and development (R&D) intensive; that is,
these industries spend higher proportions of their sales on R&D.

* Patent family data provide an internationally comparable count of inventions, notwithstanding variations in strategic
interests and patent standards. In 2018, China received about half (334,000) of these global patents, an eightfold
increase over the prior decade. Inventors from the United States, the European Union (EU), Japan, and South Korea
each receive a smaller number of these patents than those from China.

¢ Universities and federal labs invent and patent as well as transfer knowledge and technology through research
collaborations, technology licensing, and support for startups. These activities are aimed at bridging the risky steps of
invention, financing, development, and commercialization.

¢ Venture capital provides external funding to finance the introduction of viable new technologies and products into the
market. The large economies of the United States and China receive the greatest amounts of this funding. The EU and
the rest of Asia receive significantly less.

e Oneinsix U.S. firms with five or more employees report having introduced an innovation between 2014 and 2016.
Industries active in the digital economy have an outsized impact on innovation rates. ICT-producing industries report
some of the highest rates of innovation.

Innovation brings new products and technologies into society through an interrelated system of activities by the business
sector, universities, government entities, and individuals. Relationships among institutions underpin the environment in
which ideas become innovations and diffuse through society. This innovation system environment is complex,
encompassing financing, public infrastructure, tax and regulatory policies, intellectual property protection, and social
attitudes toward risk. Three distinct but interrelated components of this environment are invention, knowledge transfer,
and innovation. This report covers the composition and trends of these components. The report primarily uses U.S. and
international statistical and administrative data including data from the USPTO, National Center for Science and
Engineering Statistics, Bureau of Labor Statistics, National Institute of Standards and Technologies, and, internationally,
the Organisation for Economic Co-operation and Development and the World Intellectual Property Organization.

Patents are indicators of invention that cover part of inventive activity. Companies choose a variety of strategies to
protect their inventions, including trademarks and trade secrets; many inventions are also shared through open access.
Growth in patenting also reflects both inventive activity and an overall trend toward increased importance of intellectual
property protection, especially for information that can be digitized. Globally, as economies participate in increasingly
digital international trade activity, intellectual property protections in middle-income countries have risen.



Obujpobn! Tdjfodf!Cpbse!slScience & Engineering Indicators | NSB-2020-4 £8

The USPTO issued over 300,000 patents in 2018, almost double the amount issued in 2008. Engineering-related patents,
both electrical and mechanical, comprise about half of all USPTO patents. Computer technology and digital
communication, both ICT-related areas within electrical engineering, receive notably large numbers of patents.

Of the 309,000 patents issued by the USPTO in 2018, more than half (53%) were granted to foreign inventors, growing
from about 46% in 2000. Japan and the EU continue to account for the largest numbers of foreign USPTO patent grantees,
followed by South Korea. Although inventors from China account for a relatively small number of USPTO patents, they
have seen a rapid increase in the numbers of these patents granted.

As in the United States, about half of the patents granted in any recognized national or regional jurisdiction (patent
families) worldwide are electrical or mechanical engineering patents. In this global measure, China receives about half of
the patent families issued; inventors from the United States, the EU, Japan, and South Korea receive a smaller number of
these patents than inventors from China.

Trademarks protect the names and symbols used with products in national and regional markets and historically have
primarily been an activity of high-income economies. With the rapid worldwide growth of trademark applications since the
turn of the century, this has changed. Middle-income countries Brazil and China make up much of this growth, with
Dijob!t!dpousjcvujpo'nbshflboelgbtuthspxjoh/

The USPTO registered 273,000 trademarks in 2018, including 184,000 to U.S. assignees. USPTO trademarks to foreign
assignees make up an increasing share of total trademarks; the number of foreign trademarks has grown 37% over the
last decade, compared with a 17% increase in the number of trademarks to U.S. assignees.

Knowledge transfer is a key component of the U.S. innovation system; this takes place through market transactions and
licensing as well as through formal and informal collaboration activities of universities, federal labs, and researchers in the
business community. Technology transfer programs focus on bridging the risky steps of invention, financing,
development, and commercialization.

Researchers from universities and federal labs collaborate with business-sector researchers directly through joint
research and publications; both the number and share of these articles have increased over the last decade. The U.S.
business sector coauthored 27,000 S&E articles with U.S. academics and 7,000 with government authors in 2018. The
number of internationally coauthored articles by U.S. business authors tripled over the same time. Research transfer can
also be less direct: two-thirds of citations to research articles in patent applications are to articles with academic
affiliations.

A second indicator of knowledge transfer is the sharing of university and federally developed technology and inventions
through collaborative agreements and licensing of technology. Universities reported 46,000 active licenses in 2017 as well
as over 1,000 university-affiliated startups using licensed technology. Many startups continue to survive as ongoing
businesses, with universities reporting more than 6,000 startups still in operation in 2017. Federal labs reported almost
9,000 active licenses in FY 2016. Federal agencies directly support technology transfer of their research through awards
to small businesses for innovation, commercialization, and technology transfer; this amounted to over $3 billion to over
5,000 awardees in 2018.



Obujpobn! Tdjfodf!Cpbse!slScience & Engineering Indicators | NSB-2020-4 ¥9

Btlofxufdiopiphjftiefwfipg-wfouvsTidbgjubnigipxt!qibz!b! 1 fz!sprfljolusbotgpsnjoh!jefbt!joup!joopwbujpo L uiFlbduvbn!
introduction of new or improved products and processes. Over the last decade, the venture capital market has shifted
from a U.S.-centric structure toward a more globalized market with the Asian region growing rapidly. The United States
received 44% ($119 billion) of total global venture capital funds, followed by China with a global share of 36% ($97 billion).
Within the United States, two-thirds of this venture capital investment is focused in ICT and health care. ICT-producing and
i fhui!dbsFpstibufeljoevtusift!jolui fIVojufe! Tubuftisfgpsuljouspevdjohlofx!gspevdut!boe!gspdfttftibulb! ijhifsisbuf!
compared with the U.S. average of one in six (between 2014 and 2016).

Over time, the overall impact of innovation and S&E knowledge in society extends well beyond innovating firms. In terms
of economic output, new products and processes can increase output or decrease costs for others outside the firm. The
speed and direction of the changes in ratio of outputs to inputs can be measured as multifactor productivity. This
measure has risen more slowly in the United States and other high-income countries in the last decade relative to earlier
decades.
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Introduction

B
Invention, knowledge transfer, and innovation are distinct but interrelated components of a complex system for

transforming creativity and knowledge from science and engineering (S&E) into benefits to society and the economy.
Long-term impacts of the innovation process emerge as knowledge, inventions, and innovations diffuse through society.
Major advances such as electricity, engines, sanitation systems, chemicals and pharmaceuticals, and telecommunication
have had widespread benefits where developed as well as around the world (Gordon 2016). The innovation process has
the potential for less desirable outcomes as well, including rapid obsolescence of some job skills, increased inequality
across regions and groups of people, vulnerability of systems to attacks, and ethical issues raised by new technologies.

The innovation process is multidimensional. Forming a complete picture of this process requires indicators on actors as
individuals as well as through institutions including industry, government, academia, and nonprofits. It also requires
indicators of the physical capital and infrastructure, both public and private; intangible capital; and publicly available
knowledge that enable innovation.

This report covers innovation-related activities, such as patenting and registration of trademarks, as well as the creation
of intangible capital, such as software, research and development (R&D), and other creative originals.’ Furthermore, the
report describes university and government efforts to make their technologies available for commercial development and
to support the creation of new businesses. The first section discusses invention and provides patenting data by sector
and technology area as well as an international comparison of patenting activity. Both utility and design patents are
presented. Design patents protect the visual characteristics of an invention, while a utility patent protects the way that the
invention works. The Beyond Patentsttfdujpo!dpwfstiusbefnbslt/Usbefnbslt!gspufdultzncprt-!xpset-!psleftjhotiuibu!
distinguish the source of products.

The next section of the report focuses on knowledge transfer, including technology-transfer activity data for academic
institutions and the federal government. Within the U.S. innovation system, these institutions have a special role creating
basic research insights as well as supporting activities to transfer science and technology (S&T) knowledge into use.
Technology transfer activities include invention disclosures, patenting, licensing, and collaborative R&D agreements.
Citations from patent documents to peer-reviewed literature acknowledge the priority and foundation of S&E knowledge.
Coauthorships between authors affiliated with businesses and authors from other sectors are indicators of collaboration
across sectors. The last section focuses on innovation, with indicators of the emergence of new and improved products,
funding for new businesses through venture capital, and the number and employment effects of small and fast-growing
firms. Changes in productivity provide a longer-term perspective on the technological change that innovation brings about
and its impact on economic growth.
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Invention: U.S. and Comparative Global Trends

B
An invention brings something new into being and has a practical bent. Examples include a design, hybrid flower,

mechanical device, software program, or commercial product. When these inventions are registered as intellectual
property, the resulting records provide useful indicators of invention. For U.S. firms, trade secrets, trademarks, and design
patents are all important for intellectual property protection (Indicators 2018-!tfdujpo!ilinvention: United States and
Comparative Global Trends/*

Although there is more to invention than patenting, patents are primary indicators of invention, providing valuable
technological and geographic detail. For patenting purposes, invention is defined as the production of something
potentially useful, previously unknown, and nonobvious. The U.S. patenting system provides inventors with the exclusive
right to make, use, or sell their invention, or in the words of the Patent Act of 1790, tboz!jngspwfnfoului fsfjolopulcfypsf!
lopxo!psivtfelltphpoh!btiui fljowfoujpo!jtiefFFnfelitvygjdjfounz!vitfgvnboe!jngpsuboul)VTQUP!3113*/!USPTO data provide
patenting measures by technology area for all patents registered in the United States, including those patents that are
granted outside of businesses and to foreign entities. (See sidebar There Is More to Invention Than Patenting.)

Utility patents provide protection for the way something works. A design patent protects the way something looks and the
way it is shaped, specifically the visual ornamental characteristics of articles of manufacture (USPTO 2018). For U.S.
inventors, plant patents protect hybridized plants, such as roses. Trademarks protect the symbols used in commercial
activity and often appear in conjunction with new products and processes. For U.S. R&D-performing firms, trademarks are
as important as patents in protecting intellectual property (NCSES 2018).

The Technical Appendix provides more information on the intellectual property data used in this report.

SIDEBAR

There Is More to Invention Than Patenting

Inventors often have economic motivations to keep the details of their inventions secret. The patenting system
provides the legal right for a limited time to exclude others from making, using, offering for sale, or selling the
invention, in exchange for public disclosure of the technical information in the granted patent. Extensive
publicly available administrative data exist for patents and their inventors, and extensive databases allow for
systematic insights into these patents. In the absence of other comprehensive data on invention, patent data
provide unique and useful insights into the inventions deemed valuable enough to patent. However, analysis of
these data requires caution.

One caveat is that most patented inventions are never commercialized; they are neither representative of all
inventions nor are they measures of innovation. Conversely, many valuable inventions that are commercialized
are not patented. Companies choose a variety of strategies to protect their inventions and intellectual property.
For example, U.S. companies rate trade secrets higher than patents in their importance for protecting
intellectual property, which is true even for R&D-performing firms.

In addition, patent protection may be sought for reasons other than intended commercialization. Privately
owned patents may be obtained to block rivals and negotiate with competitors, to use in lawsuits, or to build
tuijdIfutl!pg!gbufoutiup!jngfef!psisbjtfpui fst!ldptut!pg!S * E!boeljoopwbujpo!)Dpi fo-lOfrtpo-lboe! Xbrti!3111*/!
Sfttfbsdiltvhhftutiuibultpnf!pshboj{bujpot!boe!dpvousjft!gvstvTiitusbufhjd!gbufoujohllup!crpdlldpngfujupst!
boelup!npofuj{fligbufoutiuispvhilijdfotjoh!boe!pui fs!bdujwjujft!)Fsotu!3124;2p - */!Pui fslgjsntinbz!sftqpoe!cz!
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patenting defensively. New and emerging firms may seek patent protection to help obtain financing because
jowFtupst!gfsdfjwfigbufout!bt!qpufoujbmziwbnvberflgpsiblgisn!tibttfut!boelgvuvsTigspgjubcinjuz/!Gjobmz-ldsptt.
country analysis indicates that international differences in taxes on corporate and patent income influence the
choice of patent location for multinational firms (Organisation for Economic Co-operation and Development
2016:3). However, within these limitations, U.S. Patent and Trademark Office patent documents tell us when
and in what technology areas inventors have decided to protect their intellectual property with patent
protection. This rich detail, which also includes the name and address of the inventor and assignee, justifies
presentation of the patent documents.

This report provides statistics on the relative extent to which private industry, the federal government
(intramural research facilities and federally funded R&D centers), and higher education institutions account for
blsfdfoulzfbs!t!V/T/Igbufoulbxbset/!Ui fsflbsfinbsl felejggfsfodft!jolufsnt!pglui fitdbnf!pgfdpopnjdisftpvsdft!
directed toward patenting inventions among these sectors; the private business sector expends significantly
more resources than either the federal government or higher education. Even so, each of these sectors has
evolved substantial capacities for identifying potentially patentable inventions and filing patent applications in
the United States and worldwide. Differences also exist within and across these sectors in the perceived net
benefit of choosing patenting as a principal means of pursuing the further development and commercialization
of inventions.

USPTO Patent Activity

The USPTO awarded 309,000 utility patents in 2018, nearly equally divided between foreign and domestic inventors (Table
S8-1). Among U.S. assignees (those assigned the rights of ownership), businesses received by far the most patents
(131,121 or 85%); individuals (9%), the academic sector (4%), and the government sector (1%) each received a relatively
small share of patents (Figure 8-1).
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FIGURE 8-1

VTQUP!gbufout!hsboufelup!V/T/pxofst;!3113p29

200,000
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@® Academic Individual @ Government @ Business

USPTO = U.S. Patent and Trademark Office.

Note(s)
Patents are allocated according to patent ownership information. Patents are credited on a fractional-count basis (i.e., for patents with collaborating
institutions, each institution receives fractional credit on the basis of the proportion of inventors from participating institutions).

Source(s)
National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; PatentsView, USPTO, accessed June 2019. See
Table S8-1.

Science and Engineering Indicators

Among U.S. assignees, businesses have seen a rapid increase since 2009 in the number of patents granted, followed by
more moderate growth after 2014. Patents issued to U.S. firms almost doubled (94%) between 2002 and 2017 (Figure
8-1). This increase in patenting reflects in part an overall trend toward the increased importance of intellectual property
protection, especially for information that can be digitized (Organisation for Economic Co-operation and Development
[OECD] 2017b). To put this in context with the growth in business R&D expenditures in the United States, patenting activity
hsFx!gbtufs/!Pwfslui fitbnflgfsjpe-lcvtjofttft!lepnftujd!S " E!fyqfoejuvsTtisptf!6 : &-bgufsibekvtujoh!gps!jogibujpo!)ODTFT!
2020).

Patenting by U.S. Industries

The NCSES Business R&D Survey (BRDS) provides information on industry affiliation of U.S. inventors who receive USPTO
patents. Data from BRDS show that the USPTO granted 102,000 utility patents to R&D-performing firms in the United
States in 2017 (Figure 8-2). Firms in the computer and electronics manufacturing industry received the greatest number
of patents, almost 30,000 in 2017 (Figure 8-2). These firms also report the highest level of domestic R&D performance in
2017, about $79 billion (Figure 8-3). In general, high R&D industries have high rates of patenting; the relative ranking
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differs, however. For example, the computer systems design and related services industry showed relatively high levels of
U.S. patenting, while several other industries outspent it domestically in R&D. Conversely, the scientific R&D services
industry performed more than $17 billion in R&D in 2017 while receiving only a little over 1,100 patents (Figure 8-2 and
Figure 8-3).

FIGURE 8-2

USPTO patents granted, by selected U.S. industry: 2017
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USPTO = U.S. Patent and Trademark Office.

Note(s)

Industry classification is based on the dominant business code for domestic R&D performance, where available. For companies that did not report
business codes, the classification used for sampling was assigned. Statistics are based on companies in the United States that reported to the survey,
regardless of whether they did or did not perform or fund R&D. These statistics do not include an adjustment to the weight to account for unit
nonresponse. For a small number of companies that were issued more than 100 patents by USPTO, survey data were supplemented with counts from
https://www.uspto.gov/. Software publishers includes other publishing.

Source(s)
Obujpobrn!Dfoufslgps! Tdjfodf!boe!Fohjoffsjoh! Tubujtujdt-!Obujpobn! Tdjfodf!Gpvoebujpo-'boe!V/T/IDfotvt!Cvsfbv+Cvtjoftt!S " E!Tvswfz!)CSET*13128/

Science and Engineering Indicators



Obujpobn!Tdjfodf!Cpbse!s}siScience & Engineering Indicators | NSB-2020-4 15

FIGURE 8-3

Domestic R&D performance, by selected U.S. industry: 2017
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Industry classification is based on the dominant business code for domestic R&D performance, where available. For companies that did not report
business codes, the classification used for sampling was assigned. Statistics are based on companies in the United States that reported to the survey,
regardless of whether they did or did not perform or fund R&D. These statistics do not include an adjustment to the weight to account for unit
nonresponse. Software publishers includes other publishing. Medical equipment and supplies manufacturing includes miscellaneous manufacturing.

Source(s)
Obujpobn!Dfoufs!gps! Tdjfodfboe!Fohjoffsjoh! Tubujtujdt-Obujpobn Tdjfod fiGpvoebujpo-tboe!V/T/IDfotvt!Cvsfbv+Cvtjoftt!S " EITvswfz!)CSET*13128/

Science and Engineering Indicators

Patenting by Universities and Federal Labs

The motivations to patent an invention may differ substantially from the motivations to create other types of knowledge.
Business researchers more frequently engage in experimental development activity, which is directed toward creating or
improving products or processes, than their academic and government counterparts. This increases opportunities for
direct commercial applications of their work.

Relative to the amount of R&D performed, universities and federal labs receive fewer patents. In 2017, businesses
accounted for more than 70% of the R&D performed in the United States; universities performed about 13% and
government labs about 10% (NCSES 2020). Of the USPTO patents assigned to U.S. assignees in that year, academic
institutions accounted for about 4%, and government labs even fewer at 0.8% (these shares were unchanged in the latest
patent data for 2018) (Figure 8-1).
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Research at universities and federal labs more frequently yields peer-reviewed articles than commercially oriented
inventions. This disparity between R&D activity and patenting makes sense given the difference among the activities and
goals of universities, federal labs, and businesses. Academic patenting also differs in terms of focus areas. Compared
with other sectors, academic patenting is relatively more focused on pharmaceuticals, biotechnology, and medical
technologies. In 2018, these three technology areas accounted for 41% of USPTO patents awarded to U.S. academic
institutions, compared with 10% of USPTO patents to all sectors (Table $8-2, Table S8-4, Table $S8-17, Table $8-19, and
Table S8-20).

Patent Technology Areas and Patent Trends

The USPTO classifies patent data filings based on technology areas, and the detailed technology areas can be aggregated
to analyze trends in patenting focus over time. For example, the electrical engineering technology area includes five
subclasses, which are further subdivided into dozens of detailed categories or fields. This report provides annual data for
USPTO and international patents based on the 35 technical fields described by the World Intellectual Property
Organization (WIPO) for international comparisons.? Figure 8-4 aggregates data on these 35 fields into five broad
technology areas.

FIGURE 8-4

USPTO patents granted to U.S. inventors, by broad technology area: 2000 and 2018
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USPTO = U.S. Patent and Trademark Office.

Note(s)

Civil engineering is included in Other fields. Patents are allocated geographically according to patent inventorship information. They are classified
technologically under the World Intellectual Property Organization (WIPO) classification that is made up of 35 International Patent Classification (IPC)
technical fields. Fractional counts of patents to each technological field assign the weight of a patent to the corresponding technological fields. For
instance, a patent that is classified under five different technological fields will contribute 0.2 patent counts to each of its technological fields. Data
across technical fields also sum up to the total number of USPTO-granted patents.
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Source(s)

National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; PatentsView, USPTO, accessed June 2019. See
Table S8-5 through Table S8-39.

Science and Engineering Indicators

The USPTO patents granted to U.S. inventors can be grouped into engineering-related patents; both electrical and
mechanical engineering patents made up about 60% of USPTO patents in 2018 (Figure 8-4). Patents related to
instruments, chemistry, and other fields made up the remainder of USPTO patents to U.S. inventors in 2018. The number
of electrical engineering patents more than doubled between 2000 and 2018 (Figure 8-4). The role of information and
communication technologies (ICT) is evident here as well; 2 of the 35 technology fields, computer technology and digital
communication, account for a large part of the increase in electrical engineering patents (Figure 8-5).

FIGURE 8-5

USPTO utility patents granted to U.S. inventors, by selected technology area: 2000 and 2018
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Patents are allocated geographically according to patent inventorship information. They are classified technologically under the World Intellectual
Property Organization (WIPO) classification that is made up of 35 International Patent Classification (IPC) technical fields. Fractional counts of patents
to each technological field assign the weight of a patent to the corresponding technological fields. For instance, a patent that is classified under five
different technological fields will contribute 0.2 patent counts to each of its technological fields. Data across technical fields also sum up to the total
number of USPTO-granted patents.

Source(s)

National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; PatentsView, USPTO, accessed June 2019. See
Table S8-5, Table S8-8, Table S8-10, Table S8-14, Table S8-17, and Table S8-36.

Science and Engineering Indicators
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Health and medical inventions contribute to growth across these five broad technology areas; for example, patents in the
analysis of biological materials and in medical technology contribute to the growth in patenting in instruments, and
inventions in biotechnology and pharmaceuticals contribute to the growth in chemistry patenting. Similarly, advances in
autonomous vehicles incorporate inventions in multiple areas, including optics, transport, electrical machinery, and
chemicals.

Global Patent Trends and Cross-National Comparisons

The data in this section present global patenting trends in three complementary ways; all three demonstrate rapid
worldwide growth. First, the WIPO data provide a high-level view of patenting by the most active patent offices globally,
indicating markets where this form of intellectual property protection is increasing over time. Second, international patent
gbnjizlebub!gspwjefib!npsflefubjrfelwjfx!pgfnfshjohlgbufoufe!jowfoujpot!bdspttihfphsbgiz-Icbhtfe!poljowfoupsitibeesftt/!
International patent family data count each invention once as a family of related filings based on granting year of the first
underlying invention. Patent families count inventions granted in at least one jurisdiction and count the invention only
once, even if it is later protected elsewhere. Based on inventor addresses, inventors from China patent most frequently at
the global level. Third, this report rounds out the global patent analysis focusing on the technology-level activity of U.S.
and foreign inventors granted USPTO patents. These data show the increasing role of foreign inventors in USPTO
patenting.

WIPO Patents

Historically, patenting grew exponentially in the second half of the 20th century. Figure 8-6 shows patent applications for
ui FlupqglgjwF!pggjdFt!xpsiexjef;!'VTQUP-ObujpobnjoufmfduvbnQspgfsuz!Be njojtusbujpo!pglui FIQFparfit!SFqvend!pg!Dijob-!
European Patent Office, Japan Patent Office, and Korean Intellectual Property Office. WIPO compiled these data; it
collects patenting data from national offices and compiles patent statistics internationally. While the USPTO and the
Japan Patent Office previously had the largest number of filings, China now receives the largest number of patent
applications worldwide (WIPO 2019).
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FIGURE 8-6
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Source(s)
WIPO Statistics Database, accessed September 2019.

Science and Engineering Indicators

Patents as a ratio to gross domestic product (GDP) provides a normalization for the size of each economy. On this basis,
South Korea has the largest number of patents, followed by China and Japan, according to the WIPO data (Figure 8-7).
South Korea also has the highest ratio of R&D expenditures to GDP of the top 15 R&D-performing countries and
economies (Indicators 2020!sfqpsuliSFtfbsdi!boe!Efwfipgnfou;!V/T/\Usfoet!boeloufsobujpobrDpngbsjtpotl*/
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FIGURE 8-7

Resident patent applications per $100 billion GDP for the top 10 origins: 2008 and 2018
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Source(s)
World Intellectual Property Organization (WIPO) Statistics Database, compiled by WIPO in processing international applications and registrations
through the Patent Cooperation Treaty and the Madrid and Hague Systems, accessed September 2019.

Science and Engineering Indicators

Patent Families

The patent family data described in this section account for patenting in international jurisdictions without double-
counting. Patent offices register patents from resident inventors as well as foreign inventors; thus, a unique invention may
be registered in more than one jurisdiction. Further, a patent may be modified or extended, adding to the total number of
patents. The patent family statistics presented here count a unique underlying invention as the unit of measurement. Each
patent family covers a group of related patents that have an original invention in common. All subsequent patents in a
family refer to the first patent filed, called a priority patent; the original filing may be domestic or from another jurisdiction.
For example, an invention patented in Japan may refer to an earlier patent in the United States. In this case, both the
Japanese and the U.S. patent would be part of the same patent family. The composition of these patenting data differs
from that of the USPTO data and shows both the breadth and growth of inventive activity around the world. Table S8-4
through Table S8-40 show the patent family data alongside the USPTO data.

In 2018, U.S. inventors received patents on approximately 46,000 international patent families compared with 144,000
separate patents issued by the USPTO (Table S8-4). Figure 8-8 shows the scale of USPTO patents compared with
international patent families for China, the European Union (EU), Japan, South Korea, the United States, and the world.
Overall, China had the largest number (334,000) of international patent families granted in 2018; in 10 years this
represents an increase of almost eightfold (43,500 in 2008) (Table S8-4).
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FIGURE 8-8

USPTO utility patents and international patent families granted, by region, country, or economy: 2018
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families across all patent offices covered in the Worldwide Patent Statistical Database (PATSTAT) are counted according to the year of the first granted
patent in the patent family. Patent families are allocated according to patent inventorship information found on the priority patent of the INPADOC
families. To account for missing ownership information in PATSTAT for some offices, a method designed by de Rassenfosse et al. (2012) is used to fill
missing information on priority patents using information in successive filings within the families (see technical documentation for details). Patent
families are fractionally allocated among regions, countries, or economies based on the proportion of residences of all named inventors. The EU

includes 28 member countries. China includes Hong Kong.

Source(s)
Science-Metrix; PATSTAT; PatentsView, USPTO, accessed June 2019. See Table S8-4.

Science and Engineering Indicators

By technology area, electrical engineering patents make up almost a third (31%) of international patent families;
mechanical engineering patents make up another quarter (Figure 8-9). For inventors from China, electrical engineering
patents comprise almost a third of international patent families granted in 2018 (Figure 8-9). In comparison, electrical

engineering comprised 45% of USPTO patents granted to U.S. inventors in 2018 (Figure 8-4).



Obujpobn!Tdjfodf!Cpbse!s}siScience & Engineering Indicators | NSB-2020-4 22

FIGURE 8-9

Share of electrical and mechanical engineering patents in selected region's, country's, or economy's international patent
families granted in 2018
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families across all patent offices covered in the Worldwide Patent Statistical Database (PATSTAT) are counted according to the year of the first granted
patent in the patent family. Patent families are allocated according to patent inventorship information found on the priority patent of the INPADOC
families. To account for missing ownership information in PATSTAT for some offices, a method designed by de Rassenfosse et al. (2012) is used to fill
missing information on priority patents using information in successive filings within the families (see technical documentation for details). Patent
families are fractionally allocated among regions, countries, or economies based on the proportion of residences of all named inventors. The EU
includes 28 member countries. China includes Hong Kong. The broad technology areas of electrical and mechanical engineering are defined using
patent technology categories from the World Intellectual Property Organization (2018).

Source(s)
National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; PatentsView, USPTO, accessed June 2019. See
Table S8-4 through Table S8-12 and Table S8-29 through Table S8-36.

Science and Engineering Indicators

USPTO Patents

USPTO patents provide insight into the activities of inventors who choose to bear the cost of protecting their inventions in
the U.S. market. The USPTO grants slightly more than half (53%) of all U.S. patents to foreign inventors, up from 46% in
2000 (Table S8-4). Rising rates of foreign patenting reflect the expansion of commercial activities across international
borders as foreign firms seek patent protection in multiple international jurisdictions (Fink, Khan, and Zhou 2015). Large
multinational companies, including those based outside of the United States, have increasingly sought patent protection
beyond their domestic borders. The EU and Japan continue to account for the largest numbers of foreign USPTO patent
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grantees, followed by South Korea (Figure 8-10). Although inventors from China account for a relatively small number of
USPTO patents, over a decade, they have seen almost a 10-fold rise in the number of USPTO patents granted (from 1,600
in 2008 to 15,500 in 2018) (Figure 8-10). Patents related to electrical engineering accounted for the majority (63%) of
USPTO patents granted to inventors from China (Figure 8-11).

FIGURE 8-10
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Source(s)
National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; PatentsView, USPTO, accessed June 2019. See

Table S8-4.

Science and Engineering Indicators



Obujpobn!Tdjfodf!Cpbse!s}siScience & Engineering Indicators | NSB-2020-4 24

FIGURE 8-11

USPTO patents granted to inventors from China, by broad technology area: 2018
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across technical fields also sum up to the total number of USPTO-granted patents.

Source(s)
National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; PatentsView, USPTO, accessed June 2019. See
Table S8-5 through Table S8-39.

Science and Engineering Indicators

USPTO Design Patents

Patenting of designs is a very important intellectual property protection strategy for about one in six U.S. R&D-funding or
-performing firms (NCSES 2018). In 2018, the USPTO awarded over 16,000 design patents to U.S. inventors or designers
(Figure 8-12). The USPTO granted an additional 14,000 design patents in 2018 to inventors from outside of the United
States (Table $8-43).2 The EU accounts for about 4,600 of these (Figure 8-12). Since 2014, China has rapidly increased its
design patenting in the United States and now patents on a scale comparable to Japan and South Korea (Figure 8-12).%
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FIGURE 8-12
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Source(s)
National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; PatentsView, USPTO, accessed June 2019. See

Table S8-43.

Science and Engineering Indicators

By product area, 10 years ago, the largest number of design patents were granted for furnishings (Table S8-44). The focus
has shifted over the last decade to sfdpsejoh-ldpnnvojdbujpo-!ps!jogpsnbujpo!sfusjfwbn frvjgnfou I ui fidbufhpsz!uibu!
includes items like smart phones, keyboards, and computer icons has grown rapidly to become the largest category of
design patenting. Figure 8-13 shows the trend growth for U.S. design patents in this category and in furnishings.
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FIGURE 8-13

USPTO design patents granted to U.S. inventors in recording, communication, or information retrieval equipment and in
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the proper weight of a patent to the corresponding design class under the classification.

Source(s)
National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; PatentsView, USPTO, accessed June 2019. See
Table S8-44.
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Beyond Patents: Trademarks and Plant Varieties

B
The registration of commercially used symbols, images, and names through trademarking can signal the creation of new

products and services. Advances in ICT and digitization drive the development of new products, contributing to the growth
in trademark applications (see Gao and Hitt [2012]). For companies in the United States that either perform or fund R&D,
trademarks are considered as important as utility patents as an intellectual property protection strategy (NCSES 2018).

In the 20th century, intellectual property protection through registration of trademarks was primarily an activity of the
United States, Europe, and Japan. This has changed. Trademark applications worldwide have increased rapidly in recent
years, more than doubling from 5.5 million in 2008 to over 12 million a year in 2017 (WIPO 2019). Middle-income countries
Csb{jnboe!Dijob'nblflvginvdi!pgluijtlhspxuijo!3128-ICsb{jitluisbeFnbsl!bggndbujpot!nfulps'tvsqbttfeluiptfpg'Kbgbo!
and the European Union Intellectual Property Office (Figure 8-14). As with global patenting, China has registered a rapidly
increasing number of trademarks (Figure 8-14).

FIGURE 8-14
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Source(s)

World Intellectual Property Organization Statistics Database, Total trademark applications (direct and via the Madrid system), accessed 27 September
2019.
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USPTO Trademarks

The USPTO registered 273,000 trademarks in 2018, including 184,000 to U.S. assignees (Table S8-45). While the three
broad categories that make up about half of these trademarks have not changed (Figure 8-15), similar to USPTO patents,
the internationalization of commerce has led to an increasing share of USPTO trademarks registered to foreign assignees.
Over the last decade, the number of foreign-registered USPTO trademarks has grown 137%, compared with 17% growth in
the number of USPTO trademarks registered to U.S. assignees (Figure 8-16).

FIGURE 8-15

Number of U.S.-registered USPTO trademarks, by 10 aggregates (Nice classification): 2008 and 2018
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proportion of residences of all named holders. Trademarks are classified under the 11th edition of the Nice classification of goods and services, which
classifies trademarks under 34 categories of goods and 11 categories of services. Fractional counts of trademarks were assigned to each category to
assign the proper weight of a trademark to the corresponding category under the classification.

Source(s)

National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; USPTO data hosted by Reed Tech (LexisNexis),
accessed April 2019. See Table S8-48 through Table S8-58.
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FIGURE 8-16
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Fractional counts of trademarks were assigned to each category to assign the proper weight of a trademark to the corresponding category under the
classification.

Source(s)
National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; USPTO data hosted by Reed Tech (LexisNexis),
accessed April 2019. See Table S8-45.

Science and Engineering Indicators

For U.S.-registered USPTO trademarks, education, business services, and scientific apparatus were the largest product
categories in 2018 (Figure 8-17).
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FIGURE 8-17

Number of U.S.-registered USPTO trademarks, by selected Nice classification: 2008 and 2018

Nice classification

Services for providing food and drink;
temporary accommodation

Pharmaceuticals; medical and veterinary
preparations; and related products

Medical services; veterinary services;
personal care; agriculture, horticulture,
and forestry services

Laundry, cleaning, and polishing
preparations; soaps; perfumery; and
related items

Insurance; financial affairs; monetary
affairs; real estate affairs

Scientific and technological services and
research and design relating thereto;
industrial analysis and research services;
design and development of computer
hardware and software

Clothing, footwear, headgear

Scientific, nautical, surveying,
photographic, measuring, and other
apparatus

Advertising; business management;
business administration; office functions

Education; providing of training;
entertainment; sporting and cultural
activities

USPTO = U.S. Patent and Trademark Office.

Note(s)

o

5,000 10,000 15,000 20,000 25,000

Number

® 2008 @ 2018

Usbefnbslt!bsflbmpdbufe!bddpsejohlup!i prefs!jogpsnbujpo/tUsbefnbsltibsflgsbdujpobmz!bmpdbufe!bnpoh!sfhjpottdpvousjFtspssFdpopnjftichtfe!polui f!
proportion of residences of all named holders. Trademarks are classified under the 11th edition of the Nice classification of goods and services, which
classifies trademarks under 34 categories of goods and 11 categories of services. Fractional counts of trademarks were assigned to each category to

assign the proper weight of a trademark to the corresponding category under the classification.

Source(s)

National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; USPTO data hosted by Reed Tech (LexisNexis),

accessed April 2019. See Table S8-46 and Table S8-47.

Science and Engineering Indicators
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Trademarks from China grew nearly 20-fold, and those from the EU maintained a steady presence. One quarter of this
growth from China comes in the broad science-linked category of research and technology (Table S8-56). Trademark data
by detailed category are provided in Table S8-45 through Table S8-58.

Plant Varieties

Plant varieties are another kind of invention protected as intellectual property across national offices and within the EU.
WIPO collects and shares data on these protections in its annual report (WIPO 2019). Plant variety protection covers
nonhybridized plants; these plants must be created by seeds and tubers. Like patenting, this protection grants exclusive
rights to produce the plant for sale for an extended number of years. In 2017, national offices issued over 15,000 plant
variety protections worldwide, compared with 10,500 in 2008 (Table S8-59). The EU alone issued more than half of the
plant variety protections in 2017, of which the Netherlands received nearly 3,700 (Table $8-59). China issued over 1,500
varieties, and Russia issued almost 500 (Table $8-59). The United States issued just over 1,700 varieties in 2017 (Table
$8-59). Hybridized plants can be patented by the USPTO as plant patents; the European Patent Office does not allow this.
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Knowledge Transfer

B
Knowledge transfer makes it possible for technology or knowledge developed for one purpose to be applied and used

elsewhere or used for a different purpose. For invention and innovation, the sources of knowledge include direct outputs
of R&D as well as the human capital gained by scientists, engineers, and inventors as they create and develop new and
useful products and processes. Scientific discoveries and inventions suit many uses, and scientists and engineers add to
the stock of knowledge through their discoveries. As knowledge and human capital accumulate and disseminate widely,
new discoveries and innovations build on those that came before. Significant feedback mechanisms (often complex and
numerous) may magnify the ultimate impact of innovation activities.

However, for knowledge to flow into innovation, invention and patenting are not enough; knowledge transfer is critical.
Knowledge transfer takes place through the systematic activities of individual researchers as they collaborate, through the
organized activities of institutions and governments, and through market activities.® This section presents several
knowledge transfer indicators. First, the section presents two measures based on S&E publication output: (1) coauthoring
of peer-reviewed S&E publications between business-affiliated and academic authors, and (2) the citation of peer-
reviewed publications within patent documents. Both indicate the sharing of S&E research knowledge across sectors of
the economy.

Next, the section presents indicators related to technology transfer as reported by federal agencies and academic
institutions, including technology licensing activities, collaborative agreements, and support for startups. Within the
federal government, the Small Business Innovation Research (SBIR) and Small Business Technology Transfer (STTR)
programs provide support for startups. As primary producers of research, academic institutions and federal labs have
active technology transfer programs to provide potentially useful research to businesses and others. The section ends
with a market-based measure of technology transfer: global flows of licensing receipts.

Business Collaboration in Peer-Reviewed Publications

Coauthorship on research publications indicates knowledge flow through collaboration between researchers and
institutions. This form of collaboration can represent a range of activities from coauthoring the content to sharing data or
research tools. This collaboration is observable when both collaborators have their names on the publication (Katz and
Martin 1997). Business collaborations with universities have outsized impacts compared with other coauthoring
combinations. A study of publications from 12 high-ranking private universities between 2012 and 2016 found that
publications from research collaborations with businesses had the highest citation impacts (Shneiderman 2018).

The vast majority (84% or 44,053) of U.S. business-sector publications in 2018 have multiple authors (Table 8-1). Of these,
more than half were coauthored with U.S. academic researchers (26,896). Government-coauthored publications
accounted for another 14% (7,113) of business publications. Reflecting the importance of international knowledge flows,
37% (19,430) of the business-sector publications included coauthors from institutions in more than one country (Table
8-1). For more information on scientific publications, see Indicators 2020 report "Publications Output: U.S. Trends and
International Comparisons."

TABLE 8-1

U.S. business-sector publications with other U.S. sectors and foreign institutions: 2008 and 2018

(Number and percent)

Number Percent Number Percent
Business-sector publications (2008) (2008) (2018) (2018)
All publications 56,793 100.0 52,384 100.0

Total coauthored 43,296 76.2 44,053 84.1
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TABLE 8-1

U.S. business-sector publications with other U.S. sectors and foreign institutions: 2008 and 2018

(Number and percent)

Number Percent Number Percent

Business-sector publications (2008) (2008) (2018) (2018)
l’r(])gjlé::)fe:)l:':;;rr]eiggiltt&;nnother U.S. sector (excluding business sector) 36,973 65.1 39,949 763
Coauthored with another institution from business sector 9,836 17.3 8,471 16.2
Coauthored with another U.S. sector 28,874 50.8 30,276 57.8
Coauthored with academic sector 24,847 43.8 26,896 51.3
Coauthored with nonacademic sector 9,306 16.4 10,596 20.2
Coauthored with government 3,248 5.7 7,113 13.6
Coauthored with private nonprofits and other 14,187 25.0 4,448 8.5
Coauthored with foreign institution 6,625 11.7 19,430 37.1

Note(s)

Publications are classified by their publication and are assigned to a sector based on the institutional address(es) listed within. Each publication is
credited to a sector based on the institution type. Each collaborating institution is credited as co-authoring in this table when the listed authors come
from different sectors. The publication is counted as one count in the sector (whole-counting). Publications can be authored by collaborators in multiple
sectors, thus the sum of publications coauthored with various sectors can exceed the total. Publications from unknown U.S. sectors are not shown.

Source(s)

National Center for Science and Engineering Statistics, National Science Foundation; Science-Metrix; U.S. Patent and Trademark Office; Elsevier, Scopus
abstract and citation database, accessed June 2019.

Science and Engineering Indicators

Citations of Peer-Reviewed Research in Patents

Patent documents filed with the USPTO include citations to prior art, which refers to published patents and patent
applications as well as to peer-reviewed research and other published documents (nonpatent literature). Citations of S&E
articles in patent documents provide another indicator of knowledge as an input to invention. (See Table S8-60 for
efubjrfelebub!polui flovncTs!pgldjubujpotiup! T * Flgverjdbujpot!jo!VTQUP!gbufout!cz!bvui psititfdups!boe!djufe!gjfre!pg!
science.)

About 45% (290,483) of the citations in USPTO utility patents to peer-reviewed literature in 2018 were to U.S. S&E articles,
and two-thirds (196,003) of these were to articles from the U.S. academic sector (Table S8-60). U.S. S&E articles in
biological and biomedical sciences, along with articles in health sciences, account for more than half of academic
citations in patents (Figure 8-18, shown on a log scale).






	Invention, Knowledge Transfer, and Innovation
	Table of Contents
	Executive Summary
	Introduction
	Invention: U.S. and Comparative Global Trends
	USPTO Patent Activity
	Patenting by U.S. Industries
	Patenting by Universities and Federal Labs
	Patent Technology Areas and Patent Trends

	Global Patent Trends and Cross-National Comparisons
	WIPO Patents
	Patent Families
	USPTO Patents
	USPTO Design Patents


	Beyond Patents: Trademarks and Plant Varieties
	USPTO Trademarks
	Plant Varieties

	Knowledge Transfer
	Business Collaboration in Peer-Reviewed Publications
	Citations of Peer-Reviewed Research in Patents
	Technology Transfer by Academic Institutions and Federal Labs
	Federal Policies and Programs to Reduce Barriers to Innovation
	SBIR and STTR
	Other Federal Programs

	Global Flows of Payments for Intellectual Property: Trade in Licensing and Fees

	Innovation Indicators: United States and Other Major Economies
	Investment in Intangibles
	Venture Capital
	Venture Capital Investment in the United States
	Venture Capital Investment in China

	Innovation Activities by U.S. Businesses
	International Comparisons in Innovation Incidence
	The Diffusion of Innovation: Productivity and Jobs
	Multifactor Productivity
	Small, Fast-Growing Firms


	Conclusion
	Glossary
	Definitions
	Key to Acronyms and Abbreviations

	References
	Notes
	Acknowledgments and Citation
	Acknowledgments
	Citation

	Contact Us
	Report Authors
	NCSES



