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Abstract

I provide a primer on six recent large-scale historical patent datasets for use in
innovation research. I discuss how each dataset is constructed, the types of patent in-
formation included in each, and the quality and the completeness of each. Throughout,
I emphasize when our knowledge of the history of invention is dependent on the data
source used and provide recommendations about which dataset is most likely to be best
for different contexts. Overall, these datasets paint a remarkably consistent picture of
the history of U.S. invention. When the datasets do disagree, these differences tend to
be minor, although I highlight some important exceptions. I further describe several
“niche” historical patent datasets that allow researchers to study institutional contexts
that cannot be studied using modern data. Finally, I discuss features of patent data
that are not available for the historical patents but are available for modern patents.
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1 Introduction

Patent data has become an indispensable tool for innovation researchers. Over the last half
decade, numerous researchers have embarked on data construction projects to obtain more
information about patents (Balsmeier et al., 2018; Graham, Marco, & Miller, 2018; Graham,
Marco, & Myers, 2018; Jaffe & de Rassenfosse, 2019; Wasserman & Frakes, 2019) and to
link patent data to other data sources (Argente, Baslandze, Hanley, & Moreira, 2019; Baron
& Pohlmann, 2018; Bell, Chetty, Jaravel, Petkova, & Reenen, 2019; Graham, Grim, Islam,
Marco, & Miranda, 2018; Marx & Fuegi, in press).

Each of these above studies uses data on patents that issued within the last 45 years. In
1975, the United States Patent and Trademark Office (USPTO) began recording patent data
in a digital format, greatly facilitating the use of patent data by researchers. Of course, U.S.
invention did not begin in 1975. Recently, several research teams have begun constructing
large-scale historical datasets to extend access to easy-to-use patent data backwards in time.
These datasets come from various sources of raw patent data and rely on different techniques
to parse relevant patent information from text that is often of poor quality.

In this paper, I seek to provide a practitioners’ guide for the burgeoning new historical
patent datasets. I summarize six accessible historical patent datasets, describing how they
are constructed, what types of patent-level information they contain, and the strengths and
weaknesses of each. Understanding what can be accomplished with these existing data pre-
vents researchers from “reinventing the wheel” and building historical datasets from scratch,
duplicating previous efforts.

Historical patent data have become an increasingly valuable tool for scholars of innova-



tion. The use of historical data provides more opportunities to exploit natural experiments
as well as to track the long term effects of innovation policies. To list just a few examples
making use of historical patents, Rosenberg and Nelson (1994), Mowery, Nelson, Sampat, and
Ziedonis (2001), Mowery and Sampat (2001), B. N. Sampat (2006), and Andrews (2020b) ex-
plore the changing role of universities in patenting throughout the 20th century; Acemoglu,
Moscona, and Robinson (2016) and Berkes and Nencka (2019) study the effect of other insti-
tutions such as post offices and libraries on invention; Furman and MacGarvie (2009, 2007)
study the role of new organizational forms on patenting in the early pharmaceutical industry;
Trajtenberg (1990), in a now classic paper, examines computed tomography scanner patents
dating to the early 1970s to document the correlation between patent citations and patent
value; Moser (2005, 2011) uses data from historical World Fairs to study the effect of patent
protection on the rate and direction of invention; Lampe and Moser (2010, 2012, 2013) use
the early sewing machine industry to illustrate the effects of patent pools; and Andrews
(2020a) exploits alcohol prohibition in the first half of the 20th century to investigate the
importance of informal social interactions for invention. In all of these studies, the results
are only as credible as the patent data used. The credibility and feasibility of future work
likewise depends on understanding the quality and availability of historical patent data.

The six datasets examined in detail in this paper are:!

'T am aware of other groups of researchers attempting to construct comprehensive historical patent
datasets: a dataset constructed by Tom Nicholas (see, for example, Akcigit, Grigsby, and Nicholas (2017a,
2017b)), a dataset constructed by Mikko Packalen and Jay Bhattacharya (Packalen & Bhattacharya, 2015a,
2015b), and separate projects by Dimitris Papanikolaou and coauthors (Kelly, Papanikolaou, Seru, & Taddy,
2020a, 2020b) and Tania Babina and coauthors (Babina, Bernstein, & Mezzanotti, 2020) that use the CUSP
for validation and as a complement; these datasets share many features of the CUSP data, and so I do not
discuss them separately here. At present I have been unable to examine the underlying data or aggregate
summary statistics from any of these datasets, at least two of which are still in varying stages of being “under
construction,” and so I do not include them in the analysis below.



. Comprehensive Universe of U.S. Patents (CUSP): Described in Berkes (2018),
this dataset contains U.S. patents issued from 1836-2015. The dataset is constructed

from a number of sources, primarily high-quality USPTO patents images.

. HistPat: The first version of this dataset is described in Petralia, Balland, and Rigby
(2016). The data contains issued U.S. patents filed from 1790-1978, also collected from

USPTO-digitized patent images.

. Sarada-Andrews-Ziebarth (SAZ): Described in Sarada, Andrews, and Ziebarth
(2019), this dataset contains U.S. patents issued from 1870-1942. The data is col-
lected from the Annual Reports of the Commissioner of Patents and Annual Indices of

Patents.

. Jim Shaw: This dataset contains U.S. patents issued from 1836-1873 and was com-
piled from the Subject-Matter Index of Patents for Inventions Issued by the United
States Patent Office from 1790 to 1873 (Leggett, 1874). The data from the Subject-

Matter Index were transcribed by hand by Dr. Jim Shaw of Hutchinson, KS.

. Kogan-Papanikolaou-Seru-Stoffman (KPSS): Described in Kogan, Papaniko-
laou, Seru, and Stoffman (2017b), this dataset contains U.S. patents from 1926-2019
linked to the Center for Research in Security Prices (CRSP)-Compustat merged data
and provides estimates of each patent’s private value constructed from the response of

assigned firms’ stock market response to news about the patent issuance.

. USPTO Historical Patent Data File (HPDF): Described in Marco, Carley, Jack-

son, and Myers (2015), this dataset, which is constructed from USPTO internal patent



records, contains all known utility patents from 1790 to 2014, along with patent classi-
fications for each. The dataset lacks inventor, assignee, and geographic data available

in the other datasets.

I show that these six datasets paint a remarkably consistent picture of invention along
many dimensions. This is true whether examining absolute patent counts, inventors’ col-
laboration behavior, invention by firms, or the geographic concentration of invention. By
showing aggregate statistics across several datasets, this paper also provides an overview of
U.S. patenting through time. I highlight when our knowledge of historical invention is par-
ticularly dataset-dependent, as well as when changes in Patent Office policy have affected the
availability or reliability of different kinds of data and hence our ability to draw conclusions
about the history of invention.

While each of these datasets document similar aggregate patterns, they are not identical.
I document how often a particular patent number appears in one dataset but not another,
as well as how often a given patent contains different information in one dataset relative
to another. For example, I show that the issue date of a given patent is almost always the
same regardless of which dataset one examines, while inventors’ location information is more
likely to be recorded differently in different datasets. When differences across datasets do
occur, I document common causes. These discrepancies are relatively rare and hence are
unlikely to affect researchers’ conclusion in many contexts. For instance, I conclude that the
CUSP dataset has correct inventor location information for more than 95% of its patents
and the HistPat has correct location information for about 97.5% of patents. Nevertheless, 1

suggest that researchers ensure their results are robust to using alternative historical patent



datasets, especially given the accessibility and ease of use of these datasets.

Next, I briefly survey several historical patent datasets that cover unique but limited
aspects of patenting. First, I provide information on design and plant patents. Second,
I describe available data on America’s first patents, the records for many of which were
destroyed in a fire at the USPTO in 1836. These patents are interesting both because they
show the inventiveness of a young nation and because, prior to 1836, the U.S. had a patent
registration system rather than a patent examination system. Third, I describe data on
patents issued by the Confederate States Patent Office, which operated in southern states
during the U.S. Civil War. These alternative datasets provide a window on invention under
unique institutions and policies, several of which are not available to study today.

Finally, I discuss features of patent data that are available for modern patents but are
not found in the historical patent data. In particular, micro data on patent applications
as well as information on patent lawyers and details on the patent prosecution process are
not available for historical patents. For many periods through history, common measures of
patent quality such as citations are either not available or are of questionable usefulness.

This paper is organized as follows. Section 2 describes the sources for the underlying
raw historical patent data and describes how each of the six historical patent datasets are
constructed. Section 3 describes what features of patents are included in each patent dataset
and presents aggregate statistics across the datasets for each of these features. In Section 4,
I explore the differences between datasets in more detail, quantifying when information in
a given patent is recorded differently in different datasets. Section 5 describes additional
historical patent datasets that highlight unique features of historical invention. Section 6

highlights the data limitations of historical patent data relative to modern patent data.



Section 7 briefly concludes.

2 Sources of Historical Patent Data

Figure 1 is an image of a historical U.S. patent document, in this case for the first rotating
wheel can opener, invented by William Lyman of Meriden, CT, in 1870. Lyman’s can opener
is a straightforward patent for a fairly simple invention. The patent consists of only one page
(excluding figures), one claim, one inventor, and no assignees. Other patents can be much
more complicated: they can be longer, have highly variable and frequently much worse
image quality, contain multiple inventors or assignees, and reference prior patents, among
other possible complications. All of the datasets described in this paper are attempts to
collect relevant information originally recorded in patent documents like this one, and then
to make that information available in a usable format.

Three datasets (the CUSP, HistPat, and KPSS) are built on high quality scans of patent
documents such as Figure 1.2 A problem common to all of these datasets is that patent
images are often of poor quality, especialy for older patents. Figure 2 shows a screenshot from
the Google Patents record for William Lyman’s can opener patent. In the Google Patents
screenshot, William W. Lyman’s name is recorded as “wmi’iAM w; LYMAN” and Meriden,

Connecticut as “Mnifninllv. 0o0NNEoTloU’r;” neither of which is particularly accurate. In

2In addition to these patent images, the CUSP also utilizes several local databases, including the
Cincinnati Inventors Database, Iowa Inventors Database, Nevada Inventors Database, Oklahoma Inventors
Database, South Carolina Inventors, the Portal to Texas History, and the Wyoming Inventors Database. I do
not discuss these other databases here, except to note that in many cases, a great deal of information about
inventions and inventors from specific geographic regions may be available, often through local universities,
public libraries, or historical societies (Berkes, 2018). I use the November, 2019 version of CUSP (stable ver-
sion 2.0). To access the CUSP, contact Enrico Berkes. For this paper, I use HistPat Version 8.0 from
January, 2019, downloadable at https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:
10.7910/DVN/BPC15W. The KPSS data is downloadable at https://github.com/KPSS2017/Technological
-Innovation-Resource-Allocation-and-Growth-Extended-Data.



attempts to minimize these problems, all three datasets run their own OCR algorithms on
the patent images which improve on the OCR conducted by Google Patents or the USPTO.
The CUSP also makes use of higher quality scans than are available in the PDFs provided
by Google Patents. In spite of these best efforts, OCR errors are inevitable.?

The SAZ data, in contrast, are built from a source of raw patent data that do not
contain the full text of each patent, and so avoid these challenges. The Annual Reports of
the Commissioner of Patents and Annual Indices of Patents (The Commissioner of Patents,
Various Years) forms the basis of the SAZ data.? These Annual Reports list only identifying
patent information such as the inventors’” names and locations, rather than containing the
entire patent text. An example of a page from the Annual Report of the Commissioner of
Patents from 1888 is shown in Figure 3. Sarada et al. (2019) use OCR to convert these
images to text files to create the SAZ dataset.

The Jim Shaw data is built from the Subject-Matter Index of Patents for Inventions
Issued by the United States Patent Office from 1790 to 1873 (Leggett, 1874). The Index
lists every known USPTO patent granted between 1790 and 1873 alphabetically by invention
name, and was transcribed by hand by Dr. Jim Shaw of Hutchinson, KS, for all years from

1836 onward (Shaw, n.d.-b).> An example from the Index is presented in Figure 4. Because

3The goal of the authors of the CUSP, HistPat, and KPSS datasets is to parse key patent and inventor
information, but the body of patent text itself could be used for other forms of textual analysis; see Kelly
et al. (2020a, 2020b), Perlman (2015), Packalen and Bhattacharya (2015a), and Packalen and Bhattacharya
(2015b) for examples of this kind of work. None of these cited papers use the HistPat or KPSS data. Kelly
et al. (2020a) uses CUSP data in conjunction with other patent data scraped and processed by the authors.
Perlman (2015) uses Google Patent data collected by Tom Nicholas. The papers by Mikko Packalen and Jay
Bhattacharya use a dataset constructed by those authors. At present I do not have access to these datasets
or any detailed information regarding how they were constructed, so I do not discuss them in this paper.

4SA7Z data are available at https://www.openicpsr.org/openicpsr/project/120556/version/V1/
view. The Annual Reports were downloaded from https://catalog.hathitrust.org/Record/002138126
and https://library.si.edu/digital-library/book/annual-report-commissioner-patents-year.

®The Jim Shaw data was downloaded from http://www.ptrca.org/history on August 5, 2020. The
Patent and Trademark Resource Center Association (PTRCA) site contains a number of other interesting



Dr. Jim Shaw transcribed this dataset by hand, it does not suffer from the OCR issues that
occur when parsing the other raw data sources, although the index can often be difficult to
decipher even for a human reader.

There is one important difference between the raw data used for the SAZ and Jim Shaw
datasets on the one hand, and raw data used for the CUSP, HistPat, and KPSS datasets on
the other. The former contain only select pieces of relevant patent information—inventor
names, locations, etc.—and nothing else, while the latter contain the entire text of each
patent. The former have a clear syntactic structure that makes it relatively easier to parse
out the relevant inventor information. The latter are unstructured text and therefore harder
to identify particular pieces of information. To see this, consider attempting to identify the
inventor’s name from Figure 1. The patent text contains not only the name of the inventor,
William Lyman, but also names of witnesses, in this case Ratcliffe Hicks and R. H. Foster. If
the inventor’s name is not legible elsewhere, CUSP searches the end of the text for a name,
introducing the possibility that a witness’s name may be erroneously recorded (although I
should note that in the case of Lyman’s can opener, the inventor name is recorded correctly).
Likewise, some patent texts may mention other towns, counties, or states that are different
from the location of the invention, which HistPat may assign a high probability of being
the correct location. But the fact that the CUSP, HistPat, and KPSS datasets make use
of the entire patent data means they can potentially pull out many more pieces of patent
information or conduct textual analysis; SAZ and Jim Shaw are limited to the pieces of

information included in the Annual Reports and Subject Matter Index, respectively. Finally,

facts about the history of patenting in the US, and the members of the association have been very helpful
in providing details about the construction of various data sources. Details on the creation of the Jim Shaw
data come from personal communications with Jim Miller, a PTRCA member and the resident expert on
the Jim Shaw patent data. To date, I have been unable to get in contact with Dr. Jim Shaw directly.



because the SAZ and Jim Shaw data are presented in a much more compact form, with many
entries per page, poor image quality on one page will make multiple patent records illegible;
see Appendix B. When instead using the entire patent text, key information may be recorded
at different places on the patent document; this redundancy minimizes the risk that poor
image quality on part of a page will result in lost information.

The final historical patent dataset is the USPTO Historical Patent Data File (HPDF).
The HPDF contains administrative data created by the Patent Office to facilitate exam-
ination and prosecution of the patent, including patent classification and relevant filing,
issuance, and expiration dates. Marco et al. (2015) describe the features of the HPDF in

more detail.

3 Comparing Aggregate Patent Statistics Across the

Datasets

The previous section describes how each patent dataset is created. Here, I describe the data
that they contain. Table 1 presents the features of patents that are available in each dataset.
In general, the CUSP and SAZ datasets contain inventor and assignee names and locations;
the HistPat is focused primarily on location information and does not contain names; the
KPSS is focused on patent quality measures and assignee information and does not contain
data on inventors or locations; the HPDF only contains information on patent classes and

does not have information on inventors, assignees, or location. The CUSP also contains data

6The HPDF is downloadable at https://www.uspto.gov/learning-and-resources/electronic-data
-products/historical-patent-data-files. The data used in this paper were downloaded on July 7,
2020.
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on patent classifications and citations. I describe each of these features in more detail below.

3.1 Patent Issue Dates

Perhaps the most basic question to ask about the historical patent datasets is what time
periods do they cover? All of these datasets contain the year in which each patent issues.
The CUSP contains information on patents issued from 1836 to 2015. The HistPat contains
patents issued from 1790 until 1975, when the USPTO began keeping digital records. The
SAZ data contains patents issued from 1870 to 1942; Annual Reports are available for other
years as well, although they are not yet incorporated into the SAZ.” Because the Jim Shaw
data is based on the Subject-Matter Index published in 1874, it only includes patents from
1836 to 1873. The KPSS dataset is designed to match patents to firm names in the CRSP-
Compustat merged data, which contains names of publicly traded firms from 1926 onward.
For this reason, the KPSS data begins in 1926 and continues to 2019. Finally, the USPTO
HPDF contains information on patents issued from 1790 through 2014.

While the year of issuance is a key piece of information, it may also be useful to have
the exact date on which a patent issues.® The CUSP, KPSS, Jim Shaw, and HPDF datasets
contain the day, month, and year of patent issuance, whereas the SAZ and HistPat datasets
only contain the year.

When visualizing the information in the patent datasets below, it is often useful to plot
aggregate patenting outcomes over time. I do this for the years 1837 to 1975, even though

some of the datasets include patents issued outside of this range. I begin in 1837 for two

"Sarada et al. (2019) are unable to locate an Annual Report from 1874, so that year is missing in the
SAZ data.

8Kogan et al. (2017b) is one example of an application in which the exact issue date is important, as is
Gans, Hsu, and Stern (2008) using recent patent data.
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reasons. First, 1836 marked a major change in the patent law, in which the U.S. started
examining patent applications for novelty and non-obviousness. Second, a major fire in
1836 destroyed many of the earliest patents. Thus 1837 is the first full year with the modern
patent system and complete patent records. I end in 1975 because the USPTO began keeping

digitized records the following year.

3.2 Patent Counts

The next most obvious dimension on which to compare these datasets is simply how many
unique patents they contain. When the USPTO grants a patent, it issues a unique patent
number. This patent number is included in every dataset except for the SAZ dataset, for
which it proved impossible to parse patent numbers from the Annual Reports. Instead, the
SAZ data uniquely identify patents based on the line in which they appear in the Annual
Reports.?

I plot the number of unique patents for each of the six datasets in panel (a) of Figure 5.
For most years, the HPDF contains the largest absolute number of patents, which is not
surprising since this is data provided by the USPTO and is based off of administrative
records. For many years, the difference in number of patents between the CUSP and HPDF
is small and difficult to observe in Figure 5. HistPat contains fewer patents than the CUSP

and HPDF for all years, although in early years these differences are typically only a few

9As Figure 3 shows, each record in the Annual Reports contains a patent number, patent grant date, and
information on how to find the patent in the USPTO monthly publications for each patent. Unfortunately,
these fields are recorded in columns separated by thick printed vertical lines. These lines confuse the OCR
software, making it impossible to link, for instance patent number with the inventor name and location. The
problem is compounded by the fact that cells are often left empty, so that one cannot simply match by row
numbers. We have experimented with several different OCR. software tools, and this problem is endemic to
all. Because of this, the SAZ data does not include patent numbers.

12



dozen patents. The Jim Shaw data contains roughly the same number of patents as does
the HPDF in all of the years for which it has data; it actually contains a few more patents
than does the HPDF for most years and never has more than eight fewer patents than the
HPDEF. The SAZ dataset typically has fewer patents than the HPDF, CUSP, HistPat, or
Jim Shaw datasets for common years. The fewest patents are in the KPSS data. This is also
not surprising because KPSS only contains patents assigned to publicly traded firms and so
is not designed to contain the universe of patents.

Across all of the datasets, the cyclicality of patenting noted by Griliches (1990) is appar-
ent. The absolute number of issued patents tends to grow over time, but each time series
exhibits declines during economic downturns, wars, and periods of decline in the number
of patent examiners working at the USPTO. Schmookler (1966) also highlights a change in
attitudes toward patenting and a shift towards industries that relied more on trade secrecy
than patents to explain the large decline and then stagnation in the number of issued patents
observed in the CUSP, HistPat, and HPDF datasets from 1930 to about 1960 (with the large
drop in the early 1940s due to World War 1I).1

To put these patent counts into perspective, in panel (b) of Figure 5, I plot the share
of total U.S. patents contained in each dataset and each year. Aggregate patenting counts
in each year are provided by the USPTO.! In most years, the HPDF contains exactly the
same number of granted patents as reported in the aggregate counts. In years where the
numbers are not exactly the same, they differ by only a few patents. Thus the HPDF is

indeed close to complete. Close to 100% of patents from 1836 to 1873 are included in the

10The SAZ shows a large decline in patents relative to the other datasets from about 1910 to 1930; rather
than reflecting a real decrease in patenting during this period, this appears to be driven by poor image
quality in the Annual Reports for those years.

HSee https://www.uspto.gov/web/offices/ac/ido/oeip/taf/h_counts.htm.
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Jim Shaw dataset as well. The CUSP is similarly complete, containing more than 99.4% of
all U.S. patents in every year. The fraction of aggregate patents contained in the HistPat is
lower than these two datasets but still impressive, ranging from a high of 95.8% in 1947 to a
low of 51.6% in 1974, with most years having more than 95% of all patents and the fraction
falling belowing 90% only for 1973-1975. In all but two years, SAZ has a smaller share of
aggregate patents than either CUSP or HistPat, with the share varying from a high of 95.1%
in 1909 to a low of 41.3% in 1915. The KPSS dataset contains a lower share of patents than
any of these other datasets, although I again emphasize that the KPSS was not constructed

to contain all patents.

3.3 Inventors

In many contexts, we want to know something about the individuals who create patents. The
CUSP, SAZ, and Jim Shaw datasets contain information on inventors’ names; the HistPat,
KPSS, and HPDF datasets do not.!?

As noted in Section 2, the CUSP dataset uses the entire patent text to determine inventor
names. The CUSP first searches for the end of the patent body text, which contains the
inventors’ names in all capital letters, minimizing the chance of OCR-induced errors. If
this information cannot be located, CUSP searches each patent’s header string; here, the
inventor’s name should proceed the word “of” followed by a town and state, as in “WILLIAM
W. LYMAN, OF MERIDEN, CONNECTICUT” in Figure 1. If this cannot be located either,

CUSP finally searches the body of the patent description, which begins with a declaration

12Even though inventor name is not included in HistPat, the authors have parsed name information.
Sergio Petralia has graciously shared their inventor name raw data with me upon request. As the inventor
names are still quite raw and are not included in the current downloadable release, I do not use them in this
analysis.
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that includes the inventors’ names and location information. For example, William Lyman’s
can opener patent begins: “Be it known that I, WILLIAM W. LYMAN, of Meriden, in
the county of New Haven and State of Connecticut, have invented a new Improvement in
Can-Opener...”

Inventor names are easier to locate in the raw data used for the SAZ and Jim Shaw
datasets. For SAZ, each row in the Annual Reports begins with the inventor’s name, followed
by their location of residence and the name of the invention (Figure 3). The SAZ dataset was
designed with the goal of linking inventor names to historical U.S. census records (see Sarada
et al. (2019) for complete details). A set of matched patent-census data is available from these
authors, providing a resource for researchers who want to study inventor demographics at
different times and places without conducting the computationally intensive linking exercise
themselves.!?

In the Subject-Matter Index used to construct the Jim Shaw dataset, the inventor’s name
for each patent is listed in the second column (Figure 4). The Subject-Matter Index, and
therefore the Jim Shaw dataset, does have one key drawback relative to the Annual Reports
and the full patent text: only the first letter of each inventor’s first and middle name is
provided. This renders the Jim Shaw data unusable when name-matching is required, for
instance to match patentees to the census as in Sarada et al. (2019).

While the CUSP, SAZ, and Jim Shaw datasets contain inventor names, they have not
been disambiguated. That is, the data do not contain unique individual identifiers that would

allow one to easily count how many patents a given individual has obtained over their life.

3These census matched data are available at https://www.openicpsr.org/openicpsr/project/
109970/version/V1/view.
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Numerous studies present different approaches to disambiguating modern patent records,
typically relying on machine learning algorithms to assess the probability that two records
belong to the same inventor; see, for instance, Trajtenberg, Shiff, and Melamed (2006), Li et
al. (2014), and Monath and McCallum (2015). In some cases, the information used to train
these algorithms is not available in historical patents (see a discussion of this in Section 6
below). The fact that historical patents can be linked to other historical records (like the
U.S. census in Sarada et al. (2019)) provides an interesting alternative for disambiguation
of historical patent records: once a patent has been linked to a census record, the same
individual can be located in prior or subsequent censuses. Babina et al. (2020) adopt a
similar approach for inventors during the Great Depression, and work is underway using
these methods on the entirety of the CUSP and SAZ datasets.

Patents may have more than one inventor, and collaboration patterns may be particularly
interesting to investigate. All of the datasets that record inventor names attempt to find
names for all listed inventors. Even the HistPat data, which does not record inventor names,
can be used to identify cases when a patent has more than one inventor: in the HistPat
data, each inventor’s location is listed as a separate row in the data file, and so patents with
multiple rows have multiple inventors.

But just because a particular patent dataset records inventor information does not mean
that it successfully records information for all inventors; for instance, inventor names that
do not appear first may be harder to parse and more error prone. This issue is especially
prevalent in the Annual Reports and Subject-Matter Index used to build the SAZ and Jim
Shaw datasets. Because page space is at a premium in these reports, multiple inventors

with the same surname are often listed together, for instance as “Smith, John and Mark,
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Chicago, IL”. This makes it difficult to both successfully identify and parse the second
inventor’s name.

Figure 6 plots changes in inventor collaborations in each dataset over time. Panel (a)
plots the share of patents that list more than one inventor. Prior to about 1920, the vast
majority of patents had only one inventor, regardless of which dataset is used. In the CUSP
and SAZ datasets, about 90% of patents had a single inventor in early years. HistPat reports
that almost 100% of patents had only one inventor prior to the twentieth century, which is
likely a result of a failure to record names of all but the first listed inventor in the early
years. The Jim Shaw data reports rates of collaboration in between HistPat and the CUSP.
The pattern changes in 1920, with both the CUSP and HistPat datasets showing fairly steep
increases in the fraction of patents with more than one inventor.'

Panel (b) plots changes in the average number of inventors per patent. Together with the
results in panel (a), the data for CUSP suggest that not only were collaborations becoming
more common, but team sizes were growing larger as well. By the early 1970s, the CUSP
data reports that the average patent had more than two inventors; since about 60% of
patents still had only one inventor, many patents involved collaborations of more than two
inventors. These findings are consistent with research on team size and the complexity
of inventions (Jones, 2009; Wuchty, Jones, & Uzzi, 2007). In the other datasets, and in

particular in HistPat, the number of inventors does not appear to increase by as much.

From spot-checking patents, it appears exceedingly rare that any of the historical patent

14 This formatting also makes it difficult to differentiate second inventor information from assignee and
location information. I present results on these features of the patent data below.

15The SAZ data also shows a dramatic increase beginning around 1920, although this is preceded by a
drop in the share of patents with more than one inventor around 1910. This is likely driven by the difficulty
of separating out second inventor names in the Annual Reports mentioned above. A change in formatting
and a substantial drop in image quality in the Annual Reports around 1910 exacerbated these issues.
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datasets record more inventors than are actually present on a patent; it is far more common
to omit an inventor. Thus, the number of inventors in the HistPat and Jim Shaw datasets are
likely under-counted. For investigating collaborations between inventors, the CUSP likely

provides the most complete picture.

3.4 Assignees

Prior research suggests that the same factors that were driving greater collaboration among
inventors—increasing technological complexity and larger fixed capital costs to inventing—
were also driving inventive activity inside firms (Babina et al., 2020; Chandler, 1990; Lamore-
aux & Sokoloff, 2005; Mowery, 1990; Nicholas, 2010). Researchers typically proxy invention
that occurs inside the firm by patents that are assigned to a firm at the time the patent
issues. Panel (a) of Figure 7 plots the number of patents that list an assignee in the CUSP,
HistPat, SAZ, and KPSS datasets; the Jim Shaw and HPDF datasets do not record patent
assignment. All four datasets show increases over time, although the SAZ data is highly
variable from year to year. The HistPat data does a poor job of recording assignments prior
to 1900, but by 1920 reports numbers very similar to the CUSP.

Panel (b) plots the share of patents in each dataset that are assigned. The share in the
CUSP and HistPat datasets are likewise very similar after 1920. The SAZ data does not
show as dramatic an increase in the share of assigned patents. Both the CUSP and HistPat
data show that the modal patent was assigned around 1930, consistent with Nicholas (2010).

The KPSS dataset only contains patents that are assigned to publicly traded firms, so

the share of assigned patents is equal to one in the KPSS for all years. The linking between
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patents and publicly traded firms is the key benefits of the KPSS dataset. The assignee names
in KPSS have been disambiguated, in contrast to the inventor names in the CUSP, SAZ,
and Jim Shaw data, as well as the assignee names in the CUSP and SAZ data. Determining
when a reported assignee name refers to a particular firm is not trivial. Large firms such as
General Electric, which owns more than 43,000 patents in the KPSS data, may report their
name numerous different ways on a patent, in addition to spelling and OCR errors (Kogan,
Papanikolaou, Seru, & Stoffman, 2017a, p. 2). The authors harmonize assignee names and
then link them to firm names in CRSP-Compustat.!® These linked data have proven very
useful to researchers, with the KPSS data cited more than 750 times as of this writing.

If we are willing to believe that the CUSP and HistPat datasets do a reasonably good job
of counting all patent assignments, and that the KPSS data does a good job of identifying
publicly traded firms that appear in Compustat, then the difference between the number
of assigned patents in the CUSP or HistPat and the number of assigned patents in KPSS
gives the number of patents that are assigned to individuals or non-Compustat firms. This
is potentially an important feature of these data. Today, almost all patents are assigned
to publicly traded firms and consequently a large literature examining corporate innovation
has emerged (e.g., Tian and Wang (2014), Sunder, Sunder, and Zhang (2017)), but there is

little research that examines patent ownership by small firms or individuals.

16The CRSP-Compustat data can be accessed at http://www.crsp.org/products/research-products/
crspcompustat-merged-database. The name matching builds on an algorithm by Bessen (2008).
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3.5 Location

Where invention takes place may be as important as who is doing it (Moretti, 2012). The
KPSS and HPDF datasets do not contain inventor location information, but the other four
datasets do.

CUSP finds inventor location information in the same way it finds the inventor names.
But even once the inventor location string has been identified in the patent text, it often
contains errors due to the OCR. CUSP therefore proceeds in three more steps to assign a
final inventor location. First, if the town-state pair string matches exactly to known town-
state names, this is assumed to be the correct location. Second, if the inventor’s town-state
is similar, but not identical to existing town-state pairs, the pair with the most other patents
attributed to it is assumed to be correct. Third, if the inventor’s town-state pair still does
not match to any known town-state, CUSP searches for the same inventor’s name on other
patents and finds the most likely patent location from that set. In addition to the inventor’s
town and state, the patent text also often lists each inventor’s county of residence. Regardless
of whether the county appears in the patent text, the CUSP data assigns each inventor to
its current county based on the latitude and longitude of the town.

HistPat uses complementary approaches to infer inventor locations. HistPat first assem-
bles a list of “candidate location” names within the body of the patent text based on known
town, county, and state names. After manually assigning correct locations to a subset of
patents to act as a training set, the HistPat authors implement neural network, probit, and
k-th nearest neighbor algorithms to determine which of the candidate locations is most likely

to be the correct location. For any remaining patents for which location cannot be inferred,
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HistPat searches for other patents with the same inventor name and nearby year and patent
class, similar to the final step of the CUSP procedure. Similarly to the CUSP data, the
HistPat data records inventors’ town, county, and state of residence.!”

For the SAZ and Jim Shaw datasets, inventors’ locations can be parsed from each row
similarly to the inventor names. Both the Annual Reports and the Subject-Matter Index list
inventor towns and states; unlike the CUSP and HistPat data, they do not contain counties.
This omission is unfortunate, since much geographic data from U.S. history is recorded at
the county level.!® While the Subject-Matter Index on which the Jim Shaw data is based
lists names of multiple inventors, the Index typically only lists one location. For instance,
in only one of the 7,877 patents with multiple inventors does the Jim Shaw data list more
than one state of residence.!® Over the period that the Jim Shaw data cover, the CUSP data
records 423 cases in which inventors on the same patent reside in different states .The Jim
Shaw data therefore does not appear to be ideal for analyzing inventor collaboration across
space.

One concern is that these different ways of recording and parsing inventor locations may
lead to different conclusions about where U.S. invention takes place. To assess whether this
is the case, in Figure 8 plots the geographic concentration of patenting over time for the
four datasets that include inventor location information. I calculate concentration using

a simple Herfindahl-Hirschman Index (HHI). Panel (a) plots HHI at the state level, panel

17"The “baseline” HistPat dataset contains information only for inventors residing in the U.S. To this I
append information from inventors residing outside the U.S. from a separate dataset published March, 2019,
and available for download at https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10
.7910/DVN/QT40JS. See also Petralia (2019).

18For instance, see the National Historical Geographic Information System (Manson, Schroeder, Riper, &
Ruggles, 2019).

9This is patent #3,852, with inventors living in Illinois and Michigan.
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(b) plots concentration at the county level, and panel (c) plots concentration at the town
level. Because Annual Reports and the Subject-Matter Index on which the SAZ and Jim
Shaw datasets are based, respectively, do not contain inventors’ counties, panel (b) contains
results only for the CUSP and HistPat datasets. In Appendix E, I discuss different methods
to assign SAZ and Jim Shaw patents to counties, and in Appendix F I plot the county-level
concentration for the SAZ and Jim Shaw data after matching to counties.

At the state level, all four datasets paint a remarkably consistent picture, with the geo-
graphic concentration of patenting falling from 1837 to about 1910, with a jump during the
Civil War, a small rise between 1910 and 1940, and then a slight decline to 1975. County-
level concentration results are similar, although the CUSP shows less concentration that the
HistPat for all years, with a difference that is especially pronounced prior to 1900. The
temporal pattern is again similar at the town level, and the CUSP again demonstrates less
concentration than does the HistPat; in this case, the town-level concentration measures
in the Jim Shaw and SAZ data are almost identical to that in the CUSP prior to 1900.
This suggests that the HistPat data are attributing patents to too few towns relative to the
other datasets, resulting in an artificially high concentration at the town level. The tem-
poral pattern of geographic concentration presented in all three figures and across all four
datasets—with a steep decline in concentration until the early 1900s followed by a slight
rise until about 1940 and then further declines following World War II—are consistent with
the patterns of geographic concentration of patenting documented by Andrews and Whalley
(2020), who use a different measure of concentration based on Ellison and Glaeser (1997).

Appendix F presents several other results comparing the location of patenting across
datasets. In sum, while some differences exist, these tend to be modest in magnitude.
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Overall, in all of the datasets patents are distributed similarly across space throughout U.S.

history.

3.6 Application Dates

While the date on which a patent issues is no doubt important, in many contexts it may be
more useful to know when a patent was filed. Only the CUSP and HPDF data contain patent
application dates. But the HPDF appears to contain a number of errors on this dimension.
For 20,875 patents, the HPDF lists an application date that is later than the issue date;
this should be impossible. Nor is this simply the case of, say, “1800” being mis-recorded as
“1900”; T spot checked a number of records and found no relationship between the actual
patent filing date and the application date listed in the HPDF.2° For the analysis here, I
record as missing any filing dates for which the application date is later than the issue date.
After this adjustment, the HPDF contains no filing dates before 1920. Even in the CUSP,
patent filing dates are not available for all years; prior to 1873, patent filing dates were not
printed on the patent text (Berkes, 2018, p. 4).

Figure 9 plots the mean and median difference between patent issue year and filing year
in both the CUSP and HPDF data. For both datasets and all years, the mean and median
patent grant delay track each other closely, although the mean delay is usually greater than
the median, indicating that some patents had very lengthy prosecution processes. Prior to
1920, most patents issued in the same year that they were filed or in the following year, with

the median delay growing to three years by the mid-1940s in the CUSP data. The HPDF

20For example, patent 441,324 was filed on June 30, 1890 while the HPDF lists June 1, 1965 as the
application date; patent 1,307087 was filed on November 8, 1916 while the HPDF lists June 1, 1945; and
patent 3,760,914 was filed on March 24, 1972 while the HPDF lists June 1, 1975.
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data records patent grant delays that are highly variable from year to year, with the median
delay for instance jumping from nine years in 1954 to zero years in 1955. In light of this, as

well as the other issues mentioned above, I do not recommend using the patent filing dates

reported in the HPDF.

3.7 Patent Classes

It is often important to understand what types of technologies a patent covers. Today, the
USPTO assigns each patent to a US Patent Classification (USPC) code when assigning a
patent application to examiners. These USPC codes have been in use since at least the
late 20th century, and the system has undergone numerous revisions.?* Both the CUSP and
HPDF datasets contain information on the USPC patent classes and subclasses; the CUSP
also contains international patent classification (IPC) and Cooperative Patent Classification
(CPC) codes for each patent.

One drawback to these Patent Office-assigned classifications is that they are designed
for the benefit of patent examiners to determine the similarity of technologies. Often, re-
searchers are interested in the industries that will use patents, which may be unrelated to
the technology class. Hall, Jaffe, and Trajtenberg (2001) constructed a classification based
on industry of use, known as the NBER patent classification, that has been heavily used by
researchers.?? In the HPDF dataset, the PTO economists developed a probability-matching
algorithm to apply the definitions of the NBER patent classes to historical patents (Marco

et al., 2015, p. 7-9). Thus, researchers looking for classifications related to the industry of

2https://www.uspto.gov/page/classes-g9b-49 lists USPC codes still in use and the date at which
they were established; the earliest are in 1899. US Patent and Trademark Office (2013) lists the many
revisions made to the classification system from 1947 to 2013.

22 As of this writing, Hall et al. (2001) has almost 4,000 citations on Google Scholar.
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use should turn to the HPDF dataset.

3.8 Invention Names

The SAZ and Jim Shaw datasets also contain each patent’s name or title. Similar to the
patent’s classification, the title provides some information about what type of technology
the invention covers. The invention’s name may be more descriptive than the patent’s class
and may also give some hint about the invention’s intended use. At the same time, the
invention’s name is far less descriptive than an abstract or the full patent text, nor is each
title unique. For instance, the Jim Shaw data contain 30 inventions named “Can Opener”
just from 1866 to 1873. The invention titles, especially in the SAZ data, are also subject to

numerous OCR errors and so should be treated with care.

3.9 Citations

Of course, not all patents are created equal; some patents are more important than others,
and many patents are not important at all. For decades, scholars have argued that the
number of citations a patent receives is correlated with the value of the patent (Hall et al.,
2001; Trajtenberg, 1990). Today, each patent lists citations to prior patents on its first page,
acting similarly to a list of references in a scholarly article.

Both the CUSP and KPSS datasets contain the number of these citations received by
each patent, giving researchers a patent-level proxy for patent quality. The mechanics of
how CUSP and KPSS capture these first-page citations are detailed in Berkes (2018, p.

7) and Kogan et al. (2017a, p. 11), respectively. In both cases, the datasets are able to
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identify a larger number of forward citations than are listed in Google Patents. The CUSP
also indicates when citations are added by the patent examiner; using modern patent data,
several researchers have used examiner-added citations to investigate knowledge flows and
patent prosecution practices (Frakes & Wasserman, 2017; Kuhn, Younge, & Marco, 2019;
Thompson, 2006).

For historical patents, care should be taken when using citations. Citations were not
printed as a separate section of the patent until 1947. While a large fraction of patents
issued before 1947 were cited after 1947, these are likely the highest quality patents. In the
left tail of the quality distribution, there is no variation in citations since all patents receive
zero. But just because citations are not listed on a patent’s first page does not mean that a
patent does not cite the prior patent literature. The CUSP parses each patent’s description
for any mentions of prior patents. CUSP is therefore the only one of these datasets that
contains citation data before 1947. For the pre-1947 years, however, citations to other patents

are rare and tend to be “self-cites,” that is, citations to other patents by the same inventor.23

3.10 Private Patent Values

While forward citations are correlated with private patent value (Trajtenberg, 1990), they
are measuring something slightly different: the extent to which a patent contributes to
future knowledge, capturing both the private and social value of a patent. In many contexts,
especially in finance and accounting, having a measure of the purely private value of a patent

is important. On this dimension, the KPSS data shines.

20ngoing work such as Kelly et al. (2020a), which builds a novel historical patent dataset making use of
the patent text, uses the citation counts data from the CUSP.
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Building on work such as Pakes (1986), Hall, Jaffe, and Trajtenberg (2005), and Nicholas
(2008), Kogan et al. (2017b) use changes in stock prices for the firms in the CRSP-Compustat
data following patent issuance to estimate the private value of obtaining a patent. The

estimated value of each patent, constructed under multiple assumptions, is available in the

KPSS data.

4 Exploring Differences Between Datasets

The previous section shows that, over many dimensions and with few exceptions, all six
datasets present similar aggregate pictures of the history of U.S. patenting. But just because
the datasets appear similar in aggregate does not mean they do not differ in important ways.

In this section, I explore the differences between datasets in more detail.

4.1 Do the Datasets Contain the Same Patents?

First, I ask whether the datasets contain the same patents. One might think that, so long as
the datasets appear similar in aggregate, it does not matter if they are made up of different
underlying patents. This may be true in some contexts, for instance if one is only interested
in establishing broad stylized facts. But in analyses in which leverage can come from a small
number of particular patents, small differences across datasets may matter.

Every dataset except for SAZ contains each patent’s number, making it easy to see if a
patent number appears in one dataset but not another. Table 2 lists pairwise comparisons
between the CUSP, HistPat, Jim Shaw, and HPDF datasets (I omit the KPSS dataset

because it is designed to contain only a subset of patents). Each cell lists the number and
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fraction of patent numbers that are contained in the row dataset but that do not appear in
the column dataset. Because the Jim Shaw data ends in 1873, I compare Jim Shaw to the
CUSP, HistPat, and HPDF datasets only for the years 1837 to 1873; the other comparisons
are over the years 1837 through 1975.

The first thing to note from this table is how complete the Jim Shaw data are: from 1837
to 1873, neither HistPat nor HPDF' contain any patent numbers that do not also appear in
the Jim Shaw data, and the CUSP contains only one. The HPDF has similarly complete
coverage over an even longer period of time: one patent number is in the CUSP but not
the HPDF, ten are in HistPat but not the HPDF', and 303 are in the Jim Shaw but not the
HPDF. The CUSP data also has impressive coverage, with only 39 patent numbers in the
HistPat, 326 in the Jim Shaw data, and 42 in the HPDF that are not also in the CUSP. The
CUSP contains 606,124 patent numbers that do not appear in the HistPat, the HPDF has
605,795 patent numbers, and Jim Shaw 11,954 patent numbers. To put this into perspective,
about 15% of the patent numbers in both the CUSP and HPDF do not appear in the HistPat;
about 8% of patent numbers in the Jim Shaw dataset do not appear in HistPat. To a first
approximation, the HistPat dataset is a subset of the CUSP, HPDF, and (for the relevant
years) Jim Shaw datasets.

Next, I drill down into the HistPat and CUSP datasets, manually inspecting patents that
are in one dataset but not the other. I first look up the 39 patent numbers in the HistPat
data that are not in the CUSP data. For 12 of the 39 patents, I cannot locate a patent image
file in Google Patents; for these cases it is likely that the HistPat patent number was recorded
with error. For six of the 39 patents, the location information recorded in HistPat differed

from that in the Google Patents images, raising the possibility that the patent number was
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recorded incorrectly for these patents as well.

Second, I draw a random sample of 150 patent numbers that are in the CUSP but not
the HistPat. I was able to locate the patent image file in Google Patents for all 150 of these
patent numbers, and in only about 3% of these patents does the location information in
the CUSP differ from the Google Patents images; hence these do not appear to be “bad”
patent numbers. In 12% of the patents in the CUSP but not the HistPat, the CUSP does
not record any inventor or location information. The sample of 150 patents overwhelmingly
contains inventors who reside outside the U.S.: 74% of the sample of patent numbers in the
CUSP but not the HistPat had a foreign inventor, compared to 12% in the entire HistPat
and 21% in the entire CUSP for the years they overlap. Thus, the HistPat data appears to

undercount foreign inventors; see also Appendix G for more on foreign inventors.

4.2 Do the Patents Have the Same Information Across Datasets?

Even if a given patent number appears in multiple datasets, the information about that
patent may differ. In this section, I examine how often a patent number appears in multiple
datasets but other patent information differs across the datasets.

In panel (a) of Figure 10, I plot the number of patent numbers with different issue years
between the CUSP and HistPat data, the CUSP and Jim Shaw data, and the HistPat and
Jim Shaw data. Rarely does a single patent number list a different issue year in different
datasets. With the exception of patents issued in 1926 in the CUSP, when 75 patent numbers
record a different issue year in HistPat, fewer than 20 patents in each year record different

issue years. In panel (b), I plot the fraction of CUSP patents in which the HistPat or Jim
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Shaw patents have different issue dates than the CUSP, and the fraction of HistPat patents
in which the Jim Shaw patents have a different issue date than the HistPat; in all cases these
amount to far less than 0.1% of patents.?*

Figure 11 plots the number and fraction of patents in which the state of residence of the
first listed inventor is different between the CUSP and HistPat data, the CUSP and Jim
Shaw data, and the HistPat and Jim Shaw. In contrast to issue dates, in which only a few
patents differ across datasets in any given year, inventors’ state of residence differs more
frequently. Over all years in common, about 6% of the patent numbers in the CUSP report
different inventors’ states than the same patent number in the HistPat. In some years, more
than 8% of patent numbers have different inventors’ states between the CUSP and HistPat.

Given the unstructured nature of the patent text used by the CUSP and HistPat datasets
described in Section 2 and the different approaches taken to parse out location information
described in Section 3.5, it is not surprising that location data is more likely to differ across
datasets. Nevertheless, 6% is a non-trivial fraction of patents, and it is worth understanding
why these differences occur so often. I randomly sample 750 patents in which the inventors’
state of residence in the CUSP disagrees with the state of residence in the HistPat, over-
sampling from the two periods with exceptionally high rates of disagreement, from 1845 to
1872 and 1950 to 1970. I then manually check the patent image files for these patents to see
if the first inventor’s true location matches the location reported in the CUSP, the HistPat,

or neither. In 203 of the 750 cases (about 27%) the state in the CUSP was correct and the

24In Appendix H, I compare the issue years in the HPDF to the CUSP, HistPat, and Jim Shaw data. While
application dates in the HPDF are unreliable, the HPDF issue years are very similar to those in the CUSP.
Appendix H also presents results of several other dimensions along which patents with the same patent
number can have different information, including how often datasets record different numbers of inventors,
different patent classes, or different inventor countries or counties of residence.
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HistPat was in error. In the majority of cases (477 patents or about 64%), the state in the
HistPat was correct and the CUSP was in error. Finally, for 71 patents (about 9%), the
state was incorrect in both the CUSP and HistPat. Assuming that the state is correct in
all cases for which the CUSP and HistPat report the same state, these results imply that
patents in the CUSP have an incorrect state about 4.3% of the time, while the HistPat have
an incorrect state about 2.5% of the time.?® These aggregate percentages mask substantial
change over time. For instance, among the patents that report different states between the
CUSP and the HistPat, the share of patents for which the CUSP state is correct increases
by about 0.15 percentage points per year; the CUSP is correct in these cases about 18% of
the time from 1845 through 1875, but about a third of the time from 1950 through 1970.

What explains these errors? At least 15% of the mistaken locations in the CUSP data
occur when an inventor resides in a town name that appears in multiple states; when this
happens, recall from Section 3.5 that the CUSP places the patent in the state with the town
that has the largest population. For example, the CUSP mis-records inventors residing in
Riverside, CT, as residing in Riverside, CA, and inventors in Springfield, VA, as residing in
Springfield, MA. In the HistPat data, the most common location errors come from reporting
the assignee’s location as the inventor’s location; this accounts for more than 36% of the
mistakes in the HistPat locations. For most errors, however, it is not clear why the state in
the CUSP or HistPat differs from the location in the patent images.

One possibility is that discrepancies are caused by errors in recording patent numbers,

25Conditional on the state disagreeing between the CUSP and the HistPat, the HistPat is more likely to
be correct. However these disagreements make up a larger share of the HistPat dataset. Just under 6% of
patents in the CUSP have different states than the HistPat, and in 73% of these, the CUSP is incorrect.
6.8% of the patents in the HistPat have different states than the CUSP, and in 36% of these the HistPat is
incorrect.
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rather than errors in recording inventors’ states of residence. Patent numbers are often
difficult to read, even for a human; it is especially difficult to distinguish between 3, 6, 8§,
and 9, and especially for patents in early years. To lend some credence to this, in Figure 12
I compare the distribution of reported states for the patents with incorrect states to the
distribution of states for all patents. If incorrect states are the result of random OCR
errors, then the distribution of incorrect states should be approximately uniform. If, instead,
incorrect states are largely driven by errors in recording patent numbers, then the “wrong”
state is the correct state for a different patent, and hence the distribution of incorrect states
should be similar to the overall distribution of patents by state. For both the CUSP (panel
(a)) and HistPat (panel (b)), the distributions of incorrect states are similar to those of all
patents. Of course, the distributions are not identical; Alabama and Massachusetts are listed
as incorrect states in the CUSP more often than expected based on the distribution of states
over all patents, and California, New York, and Pennsylvania are listed as incorrect states less
often than expected. Nevertheless, for both the CUSP and HistPat, Kolmogorov-Smirnov
tests fail to reject the equality of the distribution of incorrect states to the distribution of
states for all patents, while strongly rejecting the null of a uniform distribution.?® If indeed
many of these errors are caused by mistakes in patent numbers, then researchers should
be advised against merging the CUSP and HistPat datasets on patent numbers to obtain
larger sample sizes. Doing so may “double count” patents for which the patent number is

mis-recorded in at least one of the datasets.

26These results are available upon request. Results are similar if I limit the sample of incorrect states to
those for which I cannot identify the cause of the error.
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4.3 Comparing the SAZ Data to Other Datasets

While it is relatively straightforward to compare patent information across the datasets
that contain patent numbers, the same cannot be said for comparing these datasets to the
SAZ dataset. Recall that SAZ does not contain patent numbers; while patent numbers are
recorded in the Annual Reports, they were difficult to parse and so are not included in the
SAZ data. This makes it impossible to simply check whether the SAZ contains “the same
patents” as, say, the CUSP or HistPat data.

Instead, I look for patents with a given characteristic in the SAZ data, manually record
patent numbers for these patents, and then verify whether patents with the same charac-
teristics in the CUSP or HistPat also have the same patent numbers. In particular, I find
in the Annual Reports records for all SAZ patents with inventors residing in the states of
Vermont and Wisconsin in 1900 and 1940. I choose these two states because in both years
they account for a similar share of patents in the SAZ, CUSP, and HistPat datasets (see
Appendix F) but had few enough patents that it was possible to manually check all of them.
Using patent numbers from the Annual Reports, I see whether these same patents appear in
the CUSP and HistPat datasets in the same year. I then count how many patent numbers
are in the CUSP or HistPat datasets in these states and years that do not appear in these
states and years in the SAZ data. This procedure is essentially the reverse of the proce-
dure in Section 4.2. Above, I see if records with the same patent numbers have the same
information; here, I check if records with the same information also have the same patent
numbers.

Results are presented in Table 3. In the first row of panel (a), I compare the number
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of Wisconsin and Vermont patents in 1940 and 1900 to the CUSP dataset.?” There are
1,276 patents in the SAZ dataset in those states and years for which I can identify a patent
number. For 1,083 of these 1,276 patents, or about 85%, I am able to locate the same patent
number in the CUSP dataset; in 977 of these, or about 77%, the patent in the CUSP data
lists the same inventor’s state of residence as the SAZ patent. In 193 patents, or about 15%
of the SAZ patents from these states and years, I am unable to locate the patent number
in the CUSP dataset. Finally, in the CUSP data there are 441 patents in Wisconsin and
Vermont for which patent numbers were not found in those states in the SAZ data; this is
about 34% as many patents as are found in these states in the SAZ dataset. Row 2 of panel
(a) lists results comparing the SAZ to the HistPat dataset. I find similar magnitudes.

For the patents that appear in both the SAZ dataset and either the CUSP or HistPat
dataset but record a different state in different datasets (column 2 in panel (a)), it is possible
to drill down to determine why these discrepancies occur. Different states could be the result
of an OCR error when reading the Annual Reports to create the SAZ data, an OCR error
when reading a patent image file to create the CUSP or HistPat data, or a typographical or
clerical error that causes the Annual Reports and the individual patent image file to report
different information. I manually inspect both the Annual Reports and each patent image
file for these patents to see which of these stories is true.

In panel (b), I divide the 106 patents that disagree between the SAZ and CUSP and the

99 patents that disagree between the SAZ and HistPat into those three categories. In 33 of

2TIn parentheses, also present the fraction of Annual Reports patents from Wisconsin and Vermont in
1940 and 1900. Because column 4 consists of patents not in the Annual Reports, the sum of the fractions
is greater than one. There are 26 patents in Wisconsin and Vermont in 1940 and 1900 in the SAZ data for
which I was unable to locate in the Annual Reports, and hence was unable to find a patent number for these
patents. These 26 patents are not counted in the denominator in Table 3.
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the 106 cases (31%) in which the SAZ and CUSP disagree, and 32 of the 99 cases (32%) in
which the SAZ and HistPat disagree, the reason is due to an error in reading the inventor’s
state of residence from the Annual Report when creating the SAZ data. In the vast majority
of these cases (27 out of 33 or 32, respectively, or about 82-84%), this error is caused by
erroneously reporting the assignee’s state as the inventor’s state of residence. The remaining
cases are due to mis-recognizing a character or some similar miscellaneous error.

In about 25% of the cases in which the SAZ and CUSP or HistPat disagree, the mistake
appears to be in the CUSP or HistPat, respectively. Errors in these datasets occur for the
same reasons identified in Section 4.2. For about 15% of the CUSP errors, the CUSP data
locates the inventor in a city with same name and a larger population in a different state (e.g.,
erroneously reporting “Grand Rapids, WI,” as “Grand Rapids, MI”). In 24% of the HistPat
errors, the HistPat erroneously replaced an inventor residing in Wisconsin or Vermont with
the location of either the assignee or another inventor.

The plurality of cases in which the SAZ and either the CUSP or HistPat data disagree
is due to a disagreement between the state reported in the Annual Reports and the state
reported in the individual patent image files (this is 42% of the disagreements between both
the SAZ and CUSP and the SAZ and the HistPat). While there are likely some cases
where the Annual Reports mis-record an inventor’s state, I believe most of these come from
difficulty in reading the patent number in the Annual Report: as difficult as it is for a human
reader to decipher a patent number from scanned patent text, it is even harder to read from

the Annual Reports, especially in 1900.
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5 Other Types of Historical Patent Datasets

5.1 Design Patents

The data used in this paper are for U.S. utility patents, but the USPTO also grants other
types of patents. One of these is the design patent, which protects the ornamental appearance
of an article. Or, as the USPTO puts it, “a ‘utility patent’ protects the way and article is
used and works...while a ‘design patent’ protects the way an article looks” (US Patent and
Trademark Office, 2020a). Consequently, design patents are a poor measure of new useful
inventions, but may be useful as proxies for new products or to measure changes in the rate
of creation of ornamental designs. Design patents have been relatively understudied in the
innovation, economics, and management literatures, even when using recent design patent
data (Chan, Mihm, and Sosa (2018) is a rare exception), although they have been studied
in the legal literature (e.g., Schwartz and Giroud (2020), Lee and Sunder (2013), Ferrill and
Tanhehco (2011)).

The first design patent was issued in 1842, not long after the first utility patents studied
in this paper.?® The SAZ data includes design patents for the years 1870-1940, although the
dataset was primarily constructed to record information on utility patents and so coverage
of design patents varies widely from year to year depending on how design patents were
recorded in the Annual Reports (see Appendix I). Jim Shaw has also transcribed a list of

design patents granted between 1842 and 1873 (Shaw, n.d.-a).?

28See Quinn (2014) for an informative overview of the history of design patents.
29The Jim Shaw design patent data is available for download at https://ptrca.org/history.
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5.2 Plant Patents

Another type of patent granted by the USPTO is the plant patent. Following the passage of
the Plant Protection Act of 1930, inventors could apply for a plant patent for novel varieties
of plants that reproduce asexually.?® For more detail on what plant patents cover, see US
Patent and Trademark Office (2020Db).

Relative to other types of patents, few plant patents are granted. In fact, prior to 1975,
the USPTO has granted more than 200 plant patents in a single year only once (in 1974),

31 But plant

and for every year before 1950 fewer than 100 were issued in any given year.
patents do provide researchers with a rare opportunity to observe the effects of introducing
a novel form of intellectual property to cover a distinct type of technology. For instance,
Moser and Rhode (2012) examine how the introduction of plant patents affected the rate of

innovations in rose varieties. The SAZ data includes plant patents, although as in the case

of design patents, coverage is limited and varies from year to year.

5.3 X-Patents

As noted above, I start the analysis in this paper with patents issued in 1836 or later. But
U.S. patents did not begin in 1836. Patents were explicitly listed as a power of the federal
government in the U.S. Constitution, written in 1787. In 1790, the U.S. passed its first
patent law, under which the Attorney General and the Secretaries of War and State would

examine patent applications. The examination process quickly became too burdensome for

30Plants that reproduce sexually could be protected by utility patents beginning in the 1980s. For overviews
of the evolution of patent law for plants with a focus on more recent changes, see Clancy and Moschini (2017)
and Campi and Nuvolari (2015).

31Data on aggregate plant patenting is from https://www.uspto.gov/web/offices/ac/ido/oeip/taf/
h_counts.htm.
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these officials, especially Secretary of State Thomas Jefferson, and so in 1793 the U.S. passed
a new patent law. From 1793 through most of 1836, the U.S. had a patent registration system
rather than an examination system. This makes it difficult to trust the novelty of pre-1836
patents, which is one reason to begin the quantitative analysis of patents in 1836. A second
reasons is that an 1836 fire at the Patent Office destroyed many of the early patent records.
While copies of some of these patents have been recovered, many have not, and the earliest
patents were especially likely to be lost. For instance, only five of the 57 patents examined
and granted by Thomas Jefferson survive (Risch, 2012, p. 1282). Of those patents that
survived, many are handwritten, making them difficult to read and nearly impossible to
digitize with OCR software. Moreover, these early patents did not have claims, making it
difficult to determine what each patent covers.

While not all of these early patents survive, several of those that did are historically
important. These include the first patent issued by the U.S. government, for a method of
making potash; Eli Whitney’s cotton gin; an early breech loading firearm; the first spring
mattress; and several patents for asbestos fire proofing and lead paint. Risch (2012) provides
an entertaining description of a number of these early patents. Thus these first patents may
be of interest to scholars of technology, as may the study of nascent patent systems.

Although the text of every pre-1836 patent is not available, several sources have com-
piled lists of all known issued patents; see for instance Ellsworth (1840), Burke (1847), and
MacMurray (1985). Collectively, the pre-1836 patents are known as the “X-patents,” or
sometimes as “name-and-date patents” because they were not initially issued with a patent
number (making it difficult to know if these lists of issued patents are complete) but instead

only listed inventors’ names and date of issuance. After the 1836 fire, the Patent Office
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retrospectively numbered these patents with an “X” followed by a number determined by
the patents’ chronological order, hence their intriguing name.

“X-patents” data are currently available as part of the HistPat dataset; they are easily
identifiable by the patent number. Jim Shaw has also posted a list of known “X-patents”
(Shaw, n.d.-c), likely transcribed from one of the lists mentioned above.??> Several authors
have studied the “X-patents”, including Sokoloff (1988), Risch (2012), and dos Santos Nasci-

mento, dos Santos, Almedia Alves, and Ferreira Nascimento (2018).

5.4 Confederate Patents

One challenge with examining the time series of U.S. invention is that thirteen states—
Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North Carolina, South Car-
olina, Tennessee, Texas, and Virginia, along with parts of the territories that became Ari-
zona, New Mexico, and Oklahoma—seceded from the United States and formed the Con-
federate States of America (CSA) from 1861 to 1865. These southern states accounted for
relatively few patents until after World War 11, so this issue is unlikely to have a major effect
on aggregate patenting counts, but it does make interpreting changes in regional patenting
difficult.33

Promoting invention was seen as vital for the success of the South’s war effort, and so the
CSA established a patent office in 1861. Knight (2011) provides a detailed analysis of the
Confederate States Patent Office (CSPO), and lists of all Confederate patents are available

from US Patent and Trademark Office (n.d.).? In Figure 13, I plot the number of patents

32The Jim Shaw “X-patent” data is available for download at https://ptrca.org/history.

33For this reason, some analyses such as Sarada et al. (2019) and Andrews and Whalley (2020) begin after
the Civil War.

34T thank H. Jackson Knight for pointing me to this data.
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in the states and territories that made up the CSA from 1855 to 1870.3%5 The CSPO issued
a relatively small number of patents, only 266 during its entire existence, but ignoring those
patents understates the amount of patented invention in the CSA states by more than half
during the Civil War years. Knight (2011) provides a wealth of details about what those

patents contained as well as the identities of their inventors.

6 What Historical Patents Don’t Have

If one wants counts of patent numbers or inventor and assignee names and locations, then
the historical patents are of comparable completeness to data on recent patents. But for
other features of patents, data is not available for many historical periods. I describe several
of these features here.

First, patent applications were not published prior to a change in the patent law in 2000
(US Patent and Trademark Office, 2000). While the USPTO’s aggregate patenting data lists
the aggregate number of patent applications received in each year going back to 1840, there is
no way to disaggregate these data geographically or to examine individual applications. The
reason historical patent applications have not been published is that inventors may have
abandoned patent applications and decided to protect their inventions via trade secrecy
instead; publishing the historical applications would disclose these inventions and make the

trade secrets worthless.36

35In addition to patents by inventors who were residents of the CSA, the CSPO also issued several patents
to inventors residing in states that did not officially succeed, namely Kentucky and Missouri, as well as to
an inventor residing in Bavaria.

36] appreciate conversations with several current and former members of the USPTO Office of the Chief
Economist for clarifying the rationale for this policy decision. The HPDF dataset contains information on
the flows of publicly available utility patent applications (that is, those that are referenced by another patent
or have been voluntarily published by their owners) dating to 1981.
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Second, historical patent data lacks information related to the patent prosecution pro-
cess. More specifically, to the best of my knowledge there is no information on the patent
attorney or agent and, prior to 1965, no information on the patent examiner associated with
each patent for most years; there is no equivalent to the USPTO’s Patent Application Infor-
mation Retrieval (PAIR) system for historical patents.3” This makes analysis that exploits
assignment of patents to examiners, as in B. Sampat and Williams (2019), Gaulé (2018),
Righi and Simcoe (2019), or Feng and Jaravel (2020), infeasible with historical patent data.

Third, patent quality is difficult to measure in traditional ways for historical patents. As
mentioned in Section 3.9 above, patent citations are not recorded on the face of a patent until
1947. Another approach to measuring patent quality is to use the construction of patent
claims. More specifically, Kuhn and Thompson (2019) and Marco, Sarnoff, and deGrazia
(2019) argue that the length of a patent’s first claim is a proxy for patent breadth, with longer
claims indicating a narrower and more circumscribed patent. Enrico Berkes has constructed
measures of the length of each patent’s first claim, available upon request along with the
CUSP data. But claim length is unlikely to be informative for many historical patents.
Prior to the late nineteenth century, most U.S. patents were written with “central claiming,”
in which the invention description defines the scope of the invention and claims are either
not precisely written or not present at all; see, e.g., Fromer (2009) and Sawicki (2018).
While a change in the patent law in 1870 required peripheral claiming, for several decades
many inventors continued to write claims that were vague and little more informative than
central claims. Until the early twentieth century, claims that read “I claim the invention as

described above,” or some similar variation, are common (Anderson & Menell, 2015). There

37See https://portal.uspto.gov/pair/PublicPair.
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is very little variation in identifiable claim structure for these patents, and so claim length or
related measures do not serve as good proxies for patent scope or quality. Perhaps the most
promising approach for constructing measures of patent quality that are available for both
historical and modern patents are text-based measures; patent descriptions have always been
a part of every published patent, and while image quality and changing language may make
textual comparisons over long periods of time difficult, these concerns are not insurmountable

(Kelly et al., 2020a, 2020b).

7 Conclusion

What is the best historical patent dataset for a researcher to use? As the analysis above
clearly shows, the answer to this question can only be: “it depends.” The best dataset
depends on the what features of patents are most salient to the researcher as well as on
how a researcher weights completeness and accuracy. In some cases, the decision of which
dataset to use is obvious. If one wants to study patenting by publicly traded firms or wants
a measure of patent values based on the movement of stock prices, then the KPSS dataset
is the only choice. If one wants patent data linked to the U.S. census to track inventor
demographics, the SAZ dataset should be used. For in-text patent citations, the CUSP is
the answer. Often the time period of study answers the question as well: the Jim Shaw
data cannot be used for patents issued after 1873, the KPSS data cannot be used for patents
issued before 1926, and the SAZ data cannot be used for patents issued before 1870 or after
1942. But in other contexts, researchers face tradeoffs. For instance, the CUSP contains

a larger number of patents than does the HistPat, although it has a slightly higher rate of
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patents with incorrect location information (4.3% in the CUSP versus 2.5% in the HistPat).
My overall impression is that, for most questions, the CUSP is currently the gold standard
both in terms of completeness and scope of the types of patent information it contains, with
any differences in error rates being immaterial in most contexts. But other researchers may
draw different conclusions based on their specific situations.

Perhaps the strongest message of this paper is that for many questions, it does not matter
which patent dataset is used; all will give similar answers. For most years and most pieces
of patent information, these six datasets paint a remarkably consistent picture of the history
of U.S. invention. It is worth pointing out the few cases where the datasets do not agree,
especially when it is possible to determine why discrepancies occur and which dataset is more
likely to contain inaccurate information. I do not recommend using the patent application
dates reported in the HPDF data. The HistPat dataset does not appear to be a good source
for information on collaborations between multiple inventors. Finally, the SAZ dataset, as
well as the HistPat dataset for patents issued before 1900, appear to miss substantial portions
of patent assignments. But in most cases, researchers have several acceptable options.

How should researchers handle cases in which multiple datasets could plausibly do the
job? For instance, both the CUSP and HistPat are suitable in many situations that require
wide coverage and information about patent locations. In these cases, one might be tempted
to combine datasets to ensure maximal coverage. One could simply merge the CUSP and
HistPat datasets by patent number, getting “the best of both worlds.” While at first blush
this may sound like an effective strategy to minimize measurement error and missing data,
I recommend against this approach. When a patent number appears in one dataset but not

another, this often appears to be due to an error in recording that patent number. Thus, just
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because a patent number is in the HistPat but not the CUSP does not mean that that patent
is omitted from the CUSP, and vice versa. By merging two datasets together, researchers
may therefore double count some patents.

Instead, I recommend simply running all analyses using multiple patent datasets. This
should be especially feasible given that most of these datasets are easy to locate online,
download, and use (especially after reading this paper). If the results are robust to using
multiple datasets, this gives confidence that errors in constructing the patent datasets are
immaterial in a researcher’s present context. If the results are not robust, I encourage users
to figure out when and where the multiple datasets differ; doing so will aid the entire research
community in improving the quality and completeness of these data sources.

There are some features of patent data that are simply not available for historical patents,
namely those related to patent applications and to the prosecution and examination process.
But at the same time, history provides unique opportunities to examine nascent patent
systems (e.g., from the Confederate States Patent Office) or patents issued under alternative
institutional regimes (e.g., the patent registration system in place during the period of the
X-patents). These are settings that cannot be investigated using modern patent data.

Finally, it is important to note that the results in this paper represent the quality and
completeness of these historical patent datasets at a particular point in time. As work
continues to improve these datasets, future researchers will hopefully have even higher quality
data to work with. By documenting differences across the datasets and identifying some

causes of these discrepancies, my hope is that this paper will contribute to that goal.
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Tables

Table 1: Comparison of Features in Each Historical Patent Dataset

CUSP HistPat SAZ Jim Shaw KPSS USPTO HPDF
Years Covered 1836-2014 1790-1976 1870-1942 1836-1873 1926-2019 1790-2014
Issue Date X X X X X X
Patent Number X X X X X
Inventor First Name X X
Inventor Last Name X X X
Names of Multiple Inventors X X X
Assignee Name X X X
Inventor Town X X X
Inventor County X X X
Inventor State X X X X
Assignee Location X X X
Application Date X X
Patent Class X X
Invention Name X X
Citations X X
Private Patent Values X

Notes: An “x” indicates that a given feature appears in the corresponding patent dataset. See the text for
a detailed description of each feature in each dataset and some caveats.

Table 2: Number (and Fraction) of Patent Numbers in One Dataset That Are Not in Another

Patent
#s In

CUSP

Patent #s Not In
HistPat Jim Shaw HPDF

CUSP

HistPat

Jim Shaw

HPDF

(0.0000)
(0.0022)

(0.0000)

606,124 1 1
(0.1545)  (0.0000)  (0.0000)
0 10
(0.0000)  (0.0000)
11,954 303
(0.0819) (0.0021)
605,795 0

(0.1515)  (0.0000)

Notes: Number and fraction of patent numbers that appear in the dataset listed in the row, but do not
appear in the dataset listed in the column. The analysis is for all patent numbers included in any of the
CUSP, HistPat, Jim Shaw, and HPDF datasets for years that they datasets have in common. For each row,
the number of patent numbers are listed on top and the fraction of the row patent numbers are listed on the

bottom in parentheses.
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Table 3: Comparing Patents in the SAZ Dataset to the CUSP and HistPat Datasets

(a) Number (and Fraction) of Patent Numbers in the SAZ and/or Another Dataset

Pat # In Both Pat # In SAZ, Pat # In Other,
Same State Different State Not Other Not SAZ
CUSP 977 106 193 441
(0.77) (0.08) (0.15) (0.35)
HistPat 963 99 214 441
(0.75) (0.08) (0.17) (0.35)

(b) Why Do Patent Numbers Record Different States between SAZ and Another Dataset?

SAZ Different Annual Report Different  Other Different
than Annual Report than Patent PDF than Patent PDF

CUSP 33 28 45
(0.31) (0.26) (0.42)

HistPat 32 25 42
(0.32) (0.25) (0.42)

Notes: Comparison of the number and fraction of patent numbers from inventors residing in Wisconsin and
Vermont in 1940 and 1900 in SAZ and either the CUSP or HistPat datasets. In Panel (a), Column 1 reports
the number of patent numbers that are in both the SAZ and another dataset and have the same inventor
state recorded in both datasets. Column 2 reports the number of patent numbers that are in both the SAZ
and another dataset and have a different inventor state recorded in each dataset. Column 3 reports the
number of patent numbers that are in the SAZ but not in another dataset. Column 4 reports the number of
patent numbers that are in another dataset but are not in the SAZ. Panel (b) drills down into the patents
from panel (a) that are in both datasets but report a different state. Column 1 of Panel (b) reports the
number of patents with different states for which the SAZ data records a different state than does the
corresponding record in the Annual Reports. Column 2 reports the number of patents with different states
for which the other dataset records a different state than does the corresponding record in the patent PDF
image file. Column 3 reports the number of patents with different states for which the Annual Reports
records a different state than does the patent image PDF. In both panels, the first row compares SAZ to the
CUSP and the second row compares SAZ to HistPat. For each row, the number of patents are listed on top
and the fraction of the relevant SAZ patents are listed on the bottom in parentheses.
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Graphs

-

Figure 1: Example of a Historical Patent

United States

Patent Office.

WILLIAM W. LYMAN, OF MERIDEN. CONNECTICUT.

Letters Patent No. 105,340, dated July 12, 1870,

IMPROVEMENT IN CAN-OPENERS.

——— .

The Scheduls referred to In these Latters Patent and making part of the sama

e ——————

To all whom i may oonoern :

Be it known that I, Winttam W, Lysax, of Meri-
dém, in the connty of New Haven and State of Connect-
leut, have luveuted a new Tmprovement in Can-Open-
er; and I do bereby declare the following, when taken
in connection with the nocompanying drawings and the
letters of reference marked thereon, to be o full, cloar,
and exact deseription of the same, and which sakl
drawings constitute part of this specification, aml rep-
resent ln—

Figure 1, an edge view of the instrument ;

Figure 2, an under-side view; amd in

Fignre 3, a cential section, {llustrating the manner
of operation.

This icvention relates to an improved instrument
fur opening metal eans and boxes, aiud consists In con-
strueting one end so a8 to enter and turn under the
tingand form a pivot, combined with a rotating entter
or shear, armanged so that, when the instrument s
turned npon the sald plvot, the sald rotating cutter
will eut throagh the motal.

A is an arm of any suitabls material, one end of
which is formed with a polnt, @, set below the end, so
that, when the sald end Is pnssed through the metal
and tarned down, & bearing or pivot will be formed
Detween the sakd point and the lever proper, a8 secn
In fig. 3.

At a sultable distanes from the said plvot a elrenlar
cntter, d, is arranged, the axis of which is in o Jine
radiating from the said pives, and a groove is formed
in the said handle'by o projection upon the nnder slde,
a8 seen in figs. 1 and 3, one side, ¢ of the said pro-
jection forming n guide or bearing, to run upon the
snrface of. the moetal, and serve as o goide for the
depth of eut, the handle A extending to a sufficicnt
length for convenient use.

To use the instrument, press the peint through the
cover, as dencted In broken lines, fig. 3; then tum
‘lown to the position in fig. 3, sor that the point will
rmn below the cover and the pivet pass through; then
press the eatter down onto and through the metal,
renning the handle aronnd, and the revolying entier o
cuts throngh the metnl, so as to open the can, box, or
whatever it may be.

I clalm as my Invention—

The liandle A, provided at one end with the point
a, andl coustructed 5o a8 to form a pivot, as described,
amd baving combingd therowith a rotary cutter, d, with
its bearing &, the whole construeted and operating snb-
stantially as described.

WM. W, LYMAN.

Witnesses :

RaroLirye HICKS,
It. H. FosTER.

Notes: US patent 105,346 is for the first rotating wheel can opener, invented in 1870 by William Lyman.
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Figure 2: Example of a Google Patent Record

Improvement in can-openers Publication number US 105348 A
Publication ty Grart
US 105346 A F'Ebl:caﬁg:d:: Ju[IB12, 1870

Export Citation BiETeX, EndMote, RefMan
Classifications (1)

ABSTRACT available in

External Links: USPTO, USPTO Assignment, Espacenst

IMAGES (1)

DESCRIPTION (OCR text may contain amors) CLAIMS available in
@aient @Mire wrniiA M w; LY MAM, or Mnifninl." ooMMEoTIoUr

" Letters Paten-t Mo. 105,344, dated July’ 12, 18,70.

p IMPROWVEMEMNT -IM ymittelElmas. 4

The Schedule feferrec'i to’ in"these Letters Patent andmaking part of the sama To (all whom tt ‘may conceim: h p "‘Be
it known that [, WILLTMI W, LY MAM, of Meriden, in the coun ty of Mew Hawven and State ot'Gonnectient, have
invented a new Improvement in Gan-Opener; and | do herebydeclare the following, when taken in 'connection with
the accompanying drawings and the letters of reference marked thereon,"to be a full, clear, and exact descriptionfof
the saine, and which said drawings constitute par ofths specification, und represent in- -Figure 1, anedge view ofthe

instrument;

Figure 2, an under-side view; and in Figure 3, a cent-ral section, ill stiating the manner of operation. f |, This invention
relates toan improved instrument i for opening metal cans and boxes, and consists in constructing one end so as to
enter and tum under the tinfandl form a pivat, combined with & rotating cutter or shear, aranged "so that, when the

instrument is- tunied lupon thexsaid pivot, the said rotating cutter will cut through the metal.

Ais an arm of anysuitable material, one end of which is formed with. a point, u, set below the end, so that,4 when
thesaid end is passed through the metal and tumed down, & bearing or vpivot will be formed betgween the said point

andthe lever proper, as seen ine. 3.

At a'suitahle distance from the said pivot & circular cutter, d, is arranged, the axis of which is in a line radiating from
lthe said pivot, and & groove is formed in the said lian‘dleby a projection upon the under side, as seen in figs. | and 3,
one side, ¢, of 4the said projection forming & guide or bearing, to run upon the surface otlthe meta-, and serve as a
guide for the ‘depth of out, the handle A extending to & suticientlength for convenient use.

lo use thel instrument, press the point through the cover, as denoted in broken lines, tig. 3; then tum ‘down tothe

position in tig. 3, so that the pointwill run belowthe cover and the pivotpass through; then press the cutter down onto

andthrongh the metal, ruiming the handle around, and the revolving cutter d cuts through the metal, so as to open

the can, box, or whatever it may be.
Notes: A screenshot of the Google Patent record for William Lyman’s can opener patent, https://patents
.google.com/patent/US105346A/en?0q=US105346.
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Figure 3: A Page of the 1870 Annual Report of the Commissioner of Patents

Notes: This page contains the William Lyman can opener patent.
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Figure 4: A Page of the 1874 Subject-Matter Index of Patents for Inventions

154 INDEX OF PATENTS ISSUED FLHOM

Twider of patents issued from ihe United States Potent Office from 1790 to 1870, inclusive—Continmed.

Inventlon. Tnventor, Niesidence. Thate, N
Can=—Coutinned.
See Packing and ntomizing ean,
FPaint-can.
Preserving-can,
Rectapgular can,
Footing-enm.
Roving-can.
Safety-can,
Sealed can,
Benling-ean.
Spamless cin.
Eheet-metal can,
Blhipping-can,
ST,
Bpicecan,
sprinkling-ran,
Tem-an,
Tin can,
White-lend can,
Wganl-inenaml can.
‘i\-'m:-llm-maed i,
Can ..o dmaasms e msa e e nnan AL TN Avmatrong coon| Pitdsbirgh, Pa..... ... Sept. 26 1867 | G0, 154
AR . cosvmrncnrnns AL Murdeck . h[l.l.1'."‘||lli.|.~|:| "|'.‘I"1.z|.....,..... May 20, 1673 | 138, 151
Con and hntt]ﬁ,-‘w J I Willaughiy Unrlisde, Pa oo oo oo [ Fan. 4, DEMY | 22 835
Cun and jyr, Sealing of. Belleriean - . . FPhiladelphia, Fa oo Mur. 31, 1568 | T, 149
Can-cajs, lﬁm‘ut- L .| o L Livingaton Pittsbnrgh, Pa | Blar. s 1] BT 415
Cap-cover lock . | H. W, Bhepan . | New Youk, N.¥ | S Apr W 1ETE D 185, 40
Can-wover loelk .| H. W, Shepard . | New Yok, XY Apr. B, 1852 | 195,62
Candiller. ... | B e L Millville, N..T ... May 6, 1873 | 138, 574
Can Glling aud ulil{-ring a.ppmalua | Lol Berankb Pittsburzh, Pa JJune B 1ETL | 104, 114
Can-haudla. ves g LA : - Aladison, Ohin. Nav. 30, 1860 | 7 396
Can-hook. ... W | Poriland, 3e . Bept, 10, 1649 | [
Can-making die R S PR o Baltbmors, Md . Apr, 'St,laﬁ'.l_ i
L T T T T PRSI Pt I A J.,Lh:h"\ Cand JU K. Trox Philadelphia, P'a Aper. T 1R
CATOPEIET s cemvvveon mwnmas smmmssnmannsesnsnnanas MU Alexander ..., Now York, N, Y o, 1, 1840 |
Can-opency. 4 HLC | New YVork, N. ¥ JTam, @5 1670 |
Can-opener. L Rl HL Actwed Baltimore, hid Foh, 9, 1868 |
Can-opener. .. - A Barker. . Wyoming, Pa. Moy 17, 1ET0 | 10, 125
{:ﬂ.upaannr......... oo KOG Benoh . .| Hartturd, Conn Apr. s,]rguul ER, 5
LCan-opener. . e o WM. Bleakloy ... eee Worpluol, N, Y .. Juone 2, 1860 | 91, G0
Lan-n-p-enar emreaan .| WAL Bleakley .. Verplank, N.¥ ... (bt m, 1Rt | 0% AT3
Uan-apener. . - B0 Churely .ouvass .. Went hleriden, alnm, B 1EGT 6L 161
Can-ppener. . .o AL L2 Folsem, Cal_...... S| Faly LE 1860 | 92, 580
Lnn-u-paner . - | B R San Franciscs, Cal Hept, 28 1809 | 95, 905
Lan-opencr. ....... . ELNL San Franeisen, Cal cena| Mg B TRTL ! T1E, 503
i mﬂ:l.mer.. peanan W.L Brooklyn, N, ¥ .. L Ot 22 18T |
Can-opencr. J G Waelington, 1, G, | Maow. 17, 1868
Can-opener. GG T . Baltimore, Md . Aoz, 10, 1H68
Cip-opeeaer. - of. Konfman .. | Wew York, X.F% Sept. 6, 1850
Cppn-opener. . SO Livermare Worceater, Mass June 24, 18606
Cap-opener. . J W W. Lyman ... oo Meriden, Conn ... .. Jaly 12, 1870
Cpn- Dll:H:liI'l.-l'.. - W.W. Lyvman . ... R West Meriden, Conn Jnly 1, 170 |
UCan-opener, .. ... .o... . T. A, MeTFarland Meadville, Pa... ... Moy 21, 1867
Can-OpeIer. cous canas ees| Cuall O Peterscu . Vort Cliester, N. T June 17, 1FTE
Cup-npener. . eI L I 11 «--| Bamdusky, Olio ... Ang. 24, 1970 |
'-'ll-lb-tlll'l.‘-ll-'l.r................u.“.....“.........u. ol Beadl. coasscascianss .| Lyows, Tow o..... | Mar, 25, 1673
l»a.n-uw--mr rrrrremememnerrneanenmnnnasnnnen-| Lo . Ritehel . O 1 T YT | | .| May 19, 166E
Cam-mpener. .. ... i e L, B. Bmith . wee| West Merlden, |l 17, 1873
Can-opemer. .22 .o.0 L CC I NOF Stone. wer| Chicage, I .. Ay 14, 1864
CATI-GJIIRET, © 10 aessesersnnsnsnsonessnsssonssnnans| W, Thomas .. . .| Geneseo, 111 ow, B, 1572
TN - (L i ' SR vona| Dipoolklyn, XY | Tawm, 221867
L OO I | W T T ‘l.'lrfumbnry Cuim ehnm, 35, 1R5R
CADDPRRAL. - ooreamnssnmetanearrsnsanrasanssnnnss J. A, Wr,l.lu. | Hally Bprings, Miss . .....| Awg. W, 1RG0
T T RN [ 77 e I‘n:mr York, N.¥ . cee | Tuly B 1ETH
A-OpTET. . -e-o| BB W . huugo. mi..... duly 45, 1848
Can-opener unil Enife or l'urk Combined. . cenes) T Ken ine ....... w-.. Liabon, Inwa.. .| A, 96, 1572
Can-opener and ]Jlliﬁl:-‘uﬂntr canaimanrmranarennensl Lh A EACOOS . iieianas | t‘himgn ... | et 22, 16T
Uan-opentng maohing .. .....ooeen e WO H, Forker ..., Moadville, Pa Chet, 29, 1F6T
Can-opening tool ... oo emmenf G AL Dickson. | Woodenck Tawn.nhlp. Fa..|Dac. 24, 1967
Corn-ppening 800l ..o.vereiiiinns sunncianans ceanas] BT, MeCormmic | ]'.:[g,m.'lni]u Pa. ceees |ADE T, 1RGE
U an-openin twl."..... S [T AL TN | E\n o Nowv, 6, 1860
LI T & B T T U B PO 11 T ._.| I"I1|Jn lplrin. T oo | Dhegr, 23, 1562
Uan or canister top. ..o o JE P - . T .o Wewark, N0 ........ ....|{m1~ 21, 1751
i on RSk L eesvee i B T, | Fhiladelphis, Pa.. ... Mar. o, 186t L H
lsnnmv(:“-mp S AR ‘L B Bew York, W. ¥ ..ooo0n. [ dune 13,0871 | 105,027

Notes: The SubJect—Matter Index contains all patents issued from from 1790 to 1873. This page is from the
second volume of the index. The page contains the William Lyman can opener patent.
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Figure 5: Number of Patents
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Notes: Panel (a) plots the number of patents in each year using each patent dataset. Panel (b) plots the
fraction of the total USPTO aggregate patents in each year using each patent dataset.

Figure 6: Multiple Inventors
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Notes: Panel (a) plots the share of patents with more than one inventor in each year using each patent
dataset. Panel (b) plots the average number of inventors per patent in each year using each patent dataset.
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Figure 7: Assigned Patents
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Notes: Panel (a) plots the number of patents that are assigned in each year using each patent dataset. Panel
(b) plots the share of each dataset’s patents that are assigned in each year using each dataset.
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Figure 8: HHI of Patents by Location
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Notes: Herfindahl-Hirschman index of patenting by location each year using each patent dataset. Panel (a)
plots HHI by town. Panel (b) plots HHI by county. Panel (c) plots HHI by state.
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Figure 9: Patent Grant Delay
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Figure 10: Patents that Have Different Issue Years in Different Datasets
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Figure 11: Patents that Have Different Inventor States of Residence in Different Datasets
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Figure 12: Comparing the Distribution of Inventor States that Are Incorrect to Inventor States for All

Patents
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Figure 13: Patenting in Confederate States
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Online Appendix to:

Historical Patent Data: A Practitioner’s Guide

Michael Andrews*

August 11, 2020

A A Brief History of the USPTO Patent Images

The USPTO has made multiple attempts to digitize historical patents and make these images
accessible to researchers and the wider public. The first attempts by the USPTO took place
in the 1980s and 1990s using early OCR software. These are available at https://bulkdata
.uspto.gov/data3/patent/grant/multipagetiff/1790.1999/. Not surprisingly given the
time period in which the data were originally constructed, the quality of the image capture is
quite low. This first attempt at OCR is affectionately known as “the Dirty File” within the
USPTO (Raider, 2016).! Since then, the USPTO has entered into agreements with Google
and Reed Tech to re-run newer versions of OCR software on the USPTO image files. These
more successfully-digitized images are now hosted by the USPTO at https://www.uspto

.gov/learning-and-resources/bulk-data-products and available for bulk download as

*National Bureau of Economic Research. 1050 Massachusetts Ave., Cambridge, MA 02138. Email: mandrews@nber.org.
'Ran Raider a former president of the PTRC and currently works at the PTRC office in Dayton, OH.

1



TIFF or PDF files. These images are also hosted on Google Patents. In addition, Google has

merged the OCR-translated patent text with bibliographic information from the European

Patent Office Worldwide Bibliographic Database (PATSTAT).?

2Information on the process by which Google Patents digitized the USPTO patent images is obtained
from Google Patents Team (2016). Many researchers use PATSTAT as the exclusive source of patent data,
particularly when studying contemporary patenting. For historical patents, however, information on inventor
names and/or locations is frequently missing or inconsistently recorded in PATSTAT (Billington & Hanna,
2020). The PATSTAT data can be obtained at http://www.epo.org/searching-for-patents/technical/
docdb.html#tabl. See European Patent Office (2015) and Kang and Tarasconi (2016) for more details on
using PATSTAT.



B Examples of Image Quality Issues in the Annual Re-

ports

Figure A1l: A Page of the 1870 Annual Report of the Commissioner of Patents with a Smudge

Notes: A dark mark about two-thirds of the way down the page makes the first names of inventors in four
patent records unreadable to most OCR software.

Electronic copy available at: https://ssrn.com/abstract=3415318



UNITED BTATER PATENT OFFICE, 1920

Figure A2: A Page of the 1920 Annual Report of the Commissioner of Patents with Distortion
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Figure A3: A Page of the 1920 Annual Report of the Commissioner of Patents with a Dark Mark

Notes: A dark mark on the bottom left corner of the page makes most of the patents in the lower left corner
illegible.
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C Summary Statistics of Patent Features by Dataset

In the following tables, I plot summary statistics for each of the patent features plotted in
Section 3. Note that differences in the summary statistics are in some cases driven by the
fact that different datasets cover different years. For example, the Jim Shaw data only covers
years before 1874, when both co-patenting and assignment were relatively rare. Summary

statistics computed over common sets of years are available upon request.

Table Al: Summary Statistics for Number of Patents

Mean SD Median Min Max

CUSP 28,230.381 20,065.529 27,118.000  405.000  78,316.000
HistPat 26,291.590 18,215.485 25,301.000  382.000  73,453.000
SAZ 23,301.746  8,805.143  22,424.000 6,584.000 41,721.000
KPSS 12,139.360  7,822.800  8,650.500  3,133.000 27,786.000
Jim Shaw  3,946.270  4,454.985  1,891.000  403.000  12,957.000
HPDF 28,222.863 20,046.887 27,118.000  411.000  78,251.000

Notes: Summary statistics for the number of patents in each year for each of the datasets. Rows list the
datasets. The first column lists the average number of patents in each dataset-year, the second column the
standard deviation, the third column the median, the fourth column the minimum, and the fifth column the
maximum.



Table A2: Summary Statistics for the Fraction of Aggregate Patents

Mean SD Median Min Max

CUSP 0.999 0.002 1.000 0.990 1.002
HistPat 0.941 0.060 0.952 0.516 0.980
SAZ 0.777 0.110 0.797  0.413 0.951
KPSS 0.243 0.093 0.244 0.070 0.379
Jim Shaw 1.000 0.002 1.000 0.993 1.004
HPDF 1.000 0.003  1.000 0.993 1.017

Notes: Summary statistics for the fraction of the total number of patents issued by the USPTO in each year
for each of the datasets. Rows list the datasets. The first column lists the average fraction of patents in each
dataset-year, the second column the standard deviation, the third column the median, the fourth column
the minimum, and the fifth column the maximum.

Table A3: Summary Statistics for Fraction of Patents with More than One Inventor

Mean SD Median Min Max

CUSP 0.120 0.064 0.093 0.046 0.406
HistPat 0.019 0.021 0.010 0.000 0.070
SAZ 0.081 0.023 0.079 0.039 0.192
Jim Shaw 0.054 0.006 0.054 0.038 0.069

Notes: Summary statistics for the fraction of patents that have more than one inventor in each year for
each of the datasets. Rows list the datasets. The first column lists the average fraction of patents in each
dataset-year, the second column the standard deviation, the third column the median, the fourth column
the minimum, and the fifth column the maximum.

Table A4: Summary Statistics for Inventors per Patents

Mean SD Median Min Max

CUSP 1.265 0.187 1.194 1.093 2.345
HistPat 1.038 0.042 1.020 1.000 1.142
SAZ 1.190 0.060 1.188 1.078 1.463
Jim Shaw 1.057 0.008 1.057 1.040 1.077

Notes: Summary statistics for the number of inventors per patent in each year for each of the datasets. Rows
list the datasets. The first column lists the average number of inventors per patent in each dataset-year, the
second column the standard deviation, the third column the median, the fourth column the minimum, and
the fifth column the maximum.



Table A5: Summary Statistics for the Number of Assigned Patents

Mean SD Median Min Max

CUSP  15,010.108 16,959.868 9,756.000 6.000 73,454.000
HistPat 12,453.072 14,751.920 7,323.000 0.000 58,278.000
SAZ 6,377.731  3,756.731  5,501.000 1,209.000 15,999.750
KPSS 12,139.360  7,822.800 8,650.500 3,133.000 27,786.000

Notes: Summary statistics for the number of assigned patents in each year for each of the datasets. Rows
list the datasets. The first column lists the average number of assigned patents in each dataset-year, the
second column the standard deviation, the third column the median, the fourth column the minimum, and
the fifth column the maximum.

Table A6: Summary Statistics for the Fraction of Assigned Patents

Mean SD Median Min Max

CUSP  0.371 0.249 0.313 0.014 0.976
HistPat 0.296 0.299 0.247  0.000 0.955
SAZ 0.265 0.097 0.253 0.052 0.537
KPSS 1.000 0.000  1.000  1.000 1.000

Notes: Summary statistics for the fraction of total patents that are assigned in each year for each of the
datasets. Rows list the datasets. The first column lists the average fraction of assigned patents in each
dataset-year, the second column the standard deviation, the third column the median, the fourth column
the minimum, and the fifth column the maximum.

Table A7: Summary Statistics for the Geographic Concentration of Patents at the Town Level

Mean SD Median Min Max

CUSP 0.013 0.007 0.014 0.001 0.031
HistPat 0.018 0.012 0.016 0.002 0.053
SAZ 0.013 0.003 0.014 0.005 0.019
Jim Shaw 0.022 0.005 0.022 0.012 0.032

Notes: Summary statistics for the Herfindahl-Hirschman Index of patents by town in each year for each of
the datasets. Rows list the datasets. The first column lists the average HHI in each dataset-year, the second
column the standard deviation, the third column the median, the fourth column the minimum, and the fifth
column the maximum.



Table A8: Summary Statistics for the Geographic Concentration of Patents at the County Level

Mean SD Median Min Max

CUSP  0.019 0.006 0.017 0.009 0.037
HistPat 0.024 0.010 0.020 0.009 0.055

Notes: Summary statistics for the Herfindahl-Hirschman Index of patents by county in each year for each of
the datasets. Rows list the datasets. The first column lists the average HHI in each dataset-year, the second
column the standard deviation, the third column the median, the fourth column the minimum, and the fifth
column the maximum.

Table A9: Summary Statistics for the Geographic Concentration of Patents at the State Level

Mean SD Median Min Max

CUSP 0.086 0.027 0.075  0.060 0.167
HistPat 0.092 0.031 0.079 0.062 0.183
SAZ 0.077 0.009 0.075  0.060 0.106
Jim Shaw 0.136 0.022 0.141  0.096 0.177

Notes: Summary statistics for the Herfindahl-Hirschman Index of patents by state in each year for each of
the datasets. Rows list the datasets. The first column lists the average HHI in each dataset-year, the second
column the standard deviation, the third column the median, the fourth column the minimum, and the fifth
column the maximum.

Table A10: Summary Statistics for the Average Patent Grant Delay

Mean SD Median Min Max

CUSP 1.927 1.003 1973 0.186 3.632
HPDF 3.731 2546 2.726  0.000 8.900

Notes: Summary statistics for the average difference between the year of patent issue and year of patent filing
in each year for each of the datasets. Rows list the datasets. The first column lists the average difference
in each dataset-year, the second column the standard deviation, the third column the median, the fourth
column the minimum, and the fifth column the maximum.



D Modern Patent Data

The historical patent data have comparable levels of completeness as do modern patent
records. Modern patents are available from several sources. First, the USPTO publishes
PatentsView data for post-1976 in easily usable tab-separated files.> The CUSP and HPDF
datasets used in the paper also contain records for post-1976 patents.

In Figure A4, I repeat Figure 5 using these modern patent datasets. The first thing to
note is that, even with modern patent data when all patent records have been digitized, these
datasets do not contain the same numbers of patents nor do they contain 100% of aggregate
patents. These modern datasets do typically contain a larger fraction of patents than the
historical patent datasets, although the differences are small when using the CUSP, HPDF,
or Jim Shaw data.For instance, the PatentsView data contains about 99.96% of patents in
the late 1970s, a fraction that the CUSP obtains in more than 100 years between 1837 and

1975.

Figure A4: U.S.-Based Patents
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Notes: Panel (a) plots the number of patents each year using each modern patent dataset. Panel (b) plots
the fraction of the total USPTO aggregate patents each year using each modern patent dataset.

3These are available from https://www.patentsview.org/download/.
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E Matching Patents to Counties

The raw data used to construct the Jim Shaw and SAZ datasets do not contain the county in
which an inventor lives; instead, these data only include the town and state of a patentee. It
is therefore necessary to first link towns to counties. I use the 100% U.S. decennial censuses
to obtain a list of every town in each county. I next use a fuzzy matching algorithm to match
the towns listed in the patent data to a town in the nearest census year, after blocking on
state name. This same approach is used to match SAZ patents to counties in Andrews
(2020). More precisely, I match using Stata’s reclink command, which is a modified bigram
string comparator that returns a “distance” (match score) between two strings.?

The necessity of the fuzzy matching procedure depends on the underlying quality of the
town strings. Since the Jim Shaw data was transcribed by hand, OCR errors were avoided
and thus for most years the fuzzy matching procedures matches few additional towns to their
counties relative to simply exactly comparing strings. I show this graphically in Figure A5,
which plots the number of patents’ towns successfully matched to a county with both the
fuzzy matching algorithm as well as when town names are required to match exactly in order
to record a successful match. The fuzzy matching is more valuable for the SAZ data, which
is based off of OCRed annual reports that are often of middling quality; in many years, the
fuzzy matches assigns almost twice as many patents to counties as does exact matching.

Results are similar using alternative weights in the fuzzy matching process.

4The same algorithm is used to match inventors to the US decennial census in Sarada, Andrews, and
Ziebarth (2019).
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Figure A5: The number of patents’ towns matched to counties in the SAZ and Jim Shaw datasets when
towns are matched to counties using a fuzzy matching procedure versus when an exact match between
town names is required to record a match. Dashed lines indicate fuzzy matching. Solid lines indicate exact
matching.
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F Other Results on Patent Locations

One might worry that the ways that the CUSP and HistPat data determine a patent’s
location (discussed in Section 3.5) may overstate the number of patents in highly populous
counties relative to the SAZ or Jim Shaw data. The following three figures suggest that
results may indeed sometimes be sensitive to how a patent’s location is determined, but the
most important determinant is how a patent’s county is determined in the SAZ and Jim
Shaw data, following the discussion in Appendix E above.

Figure A6 plots patenting concentration by county as in panel (b) of Figure 8, but using
patents from the SAZ and Jim Shaw datasets that are matched to counties as described
in Appendix E above. The Jim Shaw patents match to a very small number of counties,
resulting in high concentration indices, for years before 1845, so I omit them for readability.
These data are available upon request. Regardless of how patents are matched to counties,
the SAZ and Jim Shaw datasets show a similar overall pattern to the CUSP and HistPat data:
concentration falls until around the end of the Civil War and then stays roughly constant
after that (the SAZ data does not show a decline as it starts after the large pre-Civil War
decrease in concentration). For most years, fuzzy matching of towns to counties in the SAZ
and Jim Shaw datasets results in concentration levels that are higher than those when using
exact matching and that are comparable to the concentration levels found in the CUSP and
HistPat datasets.

To give a sense of an “extensive margin” of locations where inventive activity occurs,
Figure A7 plots the number of counties that have at least one patent in a given year in each

dataset. I again plot results for the SAZ and Jim Shaw datasets using both methods to
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match patents to counties. For most years, the exact-matched SAZ and Jim Shaw datasets
report smaller numbers of counties with at least on patent than do the CUSP or HistPat
datasets, while the fuzzy-matched SAZ and Jim Shaw datasets report a larger number of
counties. Across all datasets, the number of counties in which patenting activity occurs grows
over time until about 1920, when it falls until 1940. In the CUSP and HistPat datasets, the
number of counties with at least one patent remains roughly stable from the 1940s until
about 1980; these results are available upon request.

Similar to Figure A7, Figure A8 shows the number of patents from counties with small
populations across various datasets. Panel (a) plots the number of patents from counties
with populations of 2,500 or smaller. These are the smallest of counties. For all years, only
a small number of patents come from these counties, and the number declines to almost zero
in the 1940s. Panel (b) plots the number of patents from counties with populations of 50,000
or smaller. While this includes many patents in early years, the number of patents peaks
around 1920 and declines thereafter. Panel (c) plots the number of patents from the smallest
20% of counties; by using population percentiles rather than an arbitrary level of population,
the number of counties is not eroded by population growth. The pattern in panel (¢) is very
similar to that in panel (b). Finally, panel (d) plots the number of patents from the smallest
90% of counties; this effectively includes all counties except for those with a major city. The
number grows until about 1920, then falls until 1940 before rising again after World War II.
In all four panels, the highest number comes when the SAZ or Jim Shaw data is matched to
counties using fuzzy-matching techniques, with the lowest number usually coming when the
SAZ data is matched by exact name.

In Figures A6- A8, the results for the SAZ and Jim Shaw datasets are quite sensitive to
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how patents’ towns are matched to counties. These choices appear to dwarf differences in
how patent locations are obtained from the raw patent data (see Section 2; in the CUSP
and HistPat datasets the location must be inferred from largely unstructured patent text,
while in the SAZ and Jim Shaw datasets the location is parsed from a syntactically simple
row of text). Moreover, the difference in concentration at the town and state level is often
larger between the CUSP and the HistPat than it is between the CUSP and the SAZ and
the difference between the HistPat and CUSP is often larger than the difference between the
HistPat and the Jim Shaw.

I next use patents assigned to counties to determine whether, across datasets, patents
are likely to be coming from the same counties and counties with similar characteristics. 1
begin by describing the “average” county according to each patent dataset. To do this, I
calculate the mean of several county characteristics, weighting by the number of patents in
each county. County characteristics are from Manson, Schroeder, Riper, and Ruggles (2019).
Results are presented in Table A11. Each panel computes the descriptive statistics of the
“average” county over different sets of years, facilitating comparisons across the different
datasets. On average, the counties in which patenting occurs appear quite similar across
the different datasets, with the only exception that patents come from smaller counties on
average in the SAZ and Jim Shaw data (when fuzzy-matched to counties) than in the CUSP
and HistPat.

Table A12 shows how a one percent increase in patenting in a given county and year in one
dataset is correlated with additional patents in the same county and year in another dataset.
For instance, the CUSP and HistPat data are very highly correlated: a one percent increase

in patenting in a given county and year in the CUSP is correlated with a .98% increase
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in patenting in the same county in the CUSP. The correlations are smaller, although still
large and statistically significant, between the SAZ data and the CUSP and HistPat data.
Table A13 presents similar results, but all regressions include year fixed effects. Residual
correlations are similar, although typically slightly smaller, and all are still highly statistically
significant. In sum, counties and years that have more patents in one dataset also tend to
have more patents in other datasets.

Table A14 estimates elasticities of patenting with respect to population in the four dif-
ferent datasets. A 10% increase in a county’s population increases patenting by about 2.6%
in the CUSP and HistPat and by about 1.4% in the SAZ. The elasticity in the Jim Shaw
data is sensitive to how a patent’s county is determined, ranging from 0.36% to 1.6%. In all
cases, the correlations are highly statistically significant.

In Figures A9-All, I take a different approach to see if patents are coming from the
“same locations” across datasets. This allows a better visualization of which locations are
accounting for more patents in different datasets and years. For each state s, I plot the ratio
of the share of patents coming from s in a given year t in dataset 7 to dataset j. I also plot
the distribution of patents by state in dataset j. When the ratio is close to one, the two
datasets have similar shares of patents coming from a given state. When comparing SAZ to
CUSP (Figure A9), SAZ to HistPat (Figure A10), or CUSP to HistPat (Figure A11), ratios
are close to one for the states that account for a large share of patents. Large deviations
occur in cases of states that have very small numbers of patents, such as Idaho or Wyoming.
In these cases, when the share of patents in a given state are very small in each dataset,
small deviations can result in ratios of shares that are very far from one.

To further put these state results in perspective, in Tables A15-A20 provides the absolute
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number of patents in each state and each of the CUSP, HistPat, and SAZ datasets for each
year plotted in Figures A9-A11. Recall that, when a patent has multiple inventors and those
inventors live in different states, each state will a fractional count equal to the fraction of
that patent’s inventors that live in that state; hence these counts need not be whole numbers.
One aspect of the state-by-state results deserves special mention. When comparing SAZ
to both the CUSP and HistPat data in Figures A9-A11, the SAZ patents invariably have
a much larger share of patents from the state of Georgia. Tables A15-A20 show that SAZ
has a large absolute number of patents from Georgia as well. The SAZ patents erroneously
record patents from Germany as being from Georgia. In many cases, the Annual Reports
abbreviate state names using only the first two or three letters of a state’s name. For this
reason, the algorithm that identifies state names in SAZ codes any state that begins with
“Ge” as Georgia. So almost all of the SAZ patents from Georgia are mis-located.
Additional correlations between patenting and locational characteristics across datasets

are available upon request.
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Herfindahl-Hirschman index of patenting by county each year using each patent dataset.
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Figure A7: Number of Counties with At Least One Patent
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The number of counties that contain one or more patents in a given year using each patent dataset.
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Figure A8: Patents from Small Counties

(a) Less than 2,500 Pop.
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o
o o
o A o A
™ o
l N
|
[ g | /
2 Lo : A
L2817 | 2 | |
c c vl \
g Ap gg AUN fil \l\'y"n’ "\’\
< H [\‘ 1 o8 A /vy v A
. Y | S . | \
go ' l,l | H\ I f E¥ II \I
z3 H z :
e VR ¥ P h s A\ !
I | ([ | 3 i | AP
© T T T T T T T T T T T T T T © T T T T T T T T T T T T T T
1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970
Year Year
CUsP — — - HistPat CUsP — — - HistPat
— —— SAZ (Fuzzy) --------- Jim Shaw (Fuzzy) — —— SAZ (Fuzzy) --------- Jim Shaw (Fuzzy)
—— SAZ (Exact) === Jim Shaw (Exact) —— SAZ (Exact) === Jim Shaw (Exact)
(c) Smallest 20 Percentiles (d) Smallest 90 Percentiles
o
(=3
S
S | &
S
o
§ 4
2 2
€ €
2 Lo
£ £5 |
-8 g}
E3 ET
S S
z z
% J
° T T T T T T T T T T T T T T ° T T T T T T T T T T T T T T
1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970
Year Year
CuspP — — - HistPat CuspP — — - HistPat
— —— SAZ (Fuzzy) ~--------- Jim Shaw (Fuzzy) — —— SAZ (Fuzzy) ~--------- Jim Shaw (Fuzzy)
— — SAZ (Exact) === Jim Shaw (Exact) — — SAZ (Exact) -w==Jim Shaw (Exact)

Notes: The number of patents from counties with small population each year using each patent dataset.
Panel (a) plots the number of patents in counties with fewer than 2,500 population. Panel (b) plots the
number of patents in counties with fewer than 50,000 population. Panel (c) plots the number of patents in
counties in the smallest 20% of counties. Panel (d) plots the number of patents in counties in the smallest
90% of counties.
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Table A11: Descriptive Statistics of the “Average” County Across Datasets

(a) 1837-1873

CUSP HistPat SAZ (Fuzzy) Jim Shaw (Fuzzy)

log(Pop.) 11.225  11.267 10.892 10.795
Frac. Urban 0.462 0.472 0.382 0.323
Frac. Immigrant 0.188 0.191 0.197 0.155
log(Manuf. Output) 15.859 15.946 15.472 15.119
log(Farm Output) 14.368  14.391 14.391 14.366

(b) 1870-1940

CUSP HistPat SAZ (Fuzzy)

log(Pop.) 12.252  12.295 11.555
Frac. Urban 0.488 0.489 0.404
Frac. Immigrant 0.286 0.284 0.228
log(Manuf. Output) 18.199  18.247 17.033
log(Farm Output) 14.635 14.634 14.448

(c) 1837-1975

CUSP HistPat

log(Pop.) 12.556  12.584
Frac. Urban 0.449 0.437
Frac. Immigrant 0.175 0.172

log(Manuf. Output) 18.095 18.138
log(Farm Output) 14.857  14.860

Notes: The mean of various county characteristics weighted by the number of patents in each column dataset.
Each panel calculates the mean over a different set of years.
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Table A12: Comparing Patents in the SAZ Dataset to the CUSP and HistPat Datasets

(a) CUSP

HistPat ~ SAZ (Fuzzy) JimShaw (Fuzzy)

CUSP Patents  0.978** 0.953** 1.115%*
(0.000472)  (0.00147) (0.00186)
N 285392 140931 48346
Adj. R-sq 0.938 0.749 0.881
Years 1837-1975 1870-1940 1837-1873
(b) HistPat

CUSP  SAZ (Fuzzy) JimShaw (Fuzzy)

HistPat Patents  0.959*** 0.956*** 1.088***
(0.000463)  (0.00143) (0.00177)
N 285392 141929 48386
Adj. R-sq 0.938 0.758 0.887
Years 1837-1975 1870-1940 1837-1873
(c) SAZ

CUSP HistPat  JimShaw (Fuzzy)

SAZ Patents  0.786***  0.793** 1.024%
(0.00121)  (0.00119) (0.00371)
N 140931 141929 7926
Adj. R-sq 0.749 0.758 0.906
Years 1870-1940  1870-1940 1870-1873

(d) Jim Shaw

CUSP HistPat  SAZ (Fuzzy)

Jim Shaw Patents  0.790***  0.815** 0.900**
(0.00132)  (0.00132)  (0.00108)

N 48346 48386 41235
Adj. R-sq 0.881 0.887 0.944
Years 1837-1873 1837-1873  1837-1873

Notes: Correlations between patents across datasets. The unit of observation is the county by year. In each
cell, the inverse hyperbolic sine of patents in the column is regressed on the inverse hyperbolic sine of patents
in the row. Results can be interpreted as elasticities. Panel (a) shows how patenting in each dataset varies
with changes in patenting in the CUSP, panel (b) the HistPat, panel (c¢) the SAZ (when matching patents
to counties using the fuzzy matching procedure), and panel (d) the Jim Shaw (when matching patents to
counties using the fuzzy matching procedure). Standard errors are in parentheses. Stars indicate statistical
significance: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table A13: Comparing Patents in the SAZ Dataset to the CUSP and HistPat Datasets, Including Year
Fixed Effects

(a) CUSP

HistPat  SAZ (Fuzzy) JimShaw (Fuzzy)

CUSP Patents  0.977*** 0.948*** 1.090***
(0.000489) (0.00148) (0.00197)
N 285392 140931 48346
Adj. R-sq 0.939 0.755 0.884
Year FE Yes Yes Yes
Years 1837-1975 1870-1940 1837-1873

(b) HistPat

CUSP  SAZ (Fuzzy) JimShaw (Fuzzy)

HistPat Patents  0.955*** 0.950** 1.065**
(0.000478) (0.00144) (0.00188)
N 285392 141929 48386
Adj. R-sq 0.939 0.763 0.889
Year FE Yes Yes Yes
Years 1837-1975 1870-1940 1837-1873
(c) SAZ

CUSP HistPat  JimShaw (Fuzzy)

SAZ Patents  0.786*** 0.793*** 1.026™*
(0.00123)  (0.00120) (0.00368)
N 140931 141929 7926
Adj. R-sq 0.753 0.762 0.908
Year FE Yes Yes Yes
Years 1870-1940 1870-1940 1870-1873
(d) Jim Shaw

CUSP HistPat  SAZ (Fuzzy)

Jim Shaw Patents  0.792***  0.816* 0.884%*
(0.00143)  (0.00144)  (0.00139)

N 48346 48386 41235
Adj. R-sq 0.882 0.887 0.945
Year FE Yes Yes Yes
Years 1837-1873 1837-1873  1837-1873

Notes: Correlations between patents across datasets. The unit of observation is the county by year. In each
cell, the inverse hyperbolic sine of patents in the column is regressed on the inverse hyperbolic sine of patents
in the row, while including a year fixed effect. Results can be interpreted as elasticities. Panel (a) shows
how patenting in each dataset varies with changes in patenting in the CUSP, panel (b) the HistPat, panel
(c) the SAZ (when matching patents to counties using the fuzzy matching procedure), and panel (d) the
Jim Shaw (when matching patents to counties using the fuzzy matching procedure). Standard errors are in
parentheses. Stars indicate statistical significance: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table A14: Elasticity of Patenting with Respect to County Population Across Datasets

CUSP  HistPat SAZ (Fuzzy) SAZ (Exact) JimShaw (Fuzzy) JimShaw (Fuzzy)

ihs_total_pop 0.259***  0.260*** 0.110*** 0.103*** 0.0436*** 0.0355***
(0.0148) (0.0147) (0.00951) (0.00772) (0.00348) (0.00284)
N 301103 307932 257236 257236 147498 147498
Adj. R-sq 0.776 0.773 0.764 0.744 0.708 0.683
County FE No No No No No No
Year FE No No No No No No

Standard errors in parentheses

*p<0.10, ** p < 0.05, ** p < 0.01
Notes: Correlations between patenting and county population across datasets. The unit of observation is
the county by year. In each cell, the inverse hyperbolic sine of patents in the column is regressed on the
inverse hyperbolic sine of county population, while including county and year fixed effects. Results can be
interpreted as elasticities.
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Figure A9: Distribution of Patents by State in CUSP and SAZ
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in each state in the CUSP. A ratio of 1 is indicated by the dashed dark blue line. The blue bars plot the
distribution of patents in each state in the CUSP. Results are plotted separately for the years 1880, 1900,

1910, 1920, 1930, and 1940.
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Figure A10: Distribution of Patents by State in CUSP and HistPat
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Notes: The black line plots the ratio of the share of patents in each state in SAZ to the share of patents in
each state in the HistPat. A ratio of 1 is indicated by the dashed dark gray line. The gray bars plot the
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26



Figure A11: Distribution of Patents by State in CUSP and HistPat
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Notes: The black line plots the ratio of the share of patents in each state in HistPat to the share of patents
in each state in the CUSP. A ratio of 1 is indicated by the dashed dark blue line. The blue bars plot the
distribution of patents in each state in the CUSP. Results are plotted separately for the years 1880, 1900,

1910, 1920, 1930, and 1940.
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Table A15: Counts of Patents by State and Dataset: 1880

CUSP HistPat SAZ

AK

AL 46 54 59
AR 35 36 43
AZ 4 2 2
CA 331 336 331
CO 29 26 34
CT 492 528 559
DC 85 132 99
DE 18 22 26
FL 19 13 16
GA 66 69 249
HI

IA 261 270 279
ID 5 2 2

IL 844 908 902
IN 300 339 318

KS 76 91 96
KY 132 153 168
LA 54 67 115

MA 1,102 1,213 1,274
MD 209 228 222

ME 82 90 120
MI 439 434 427
MN 96 108 93
MO 281 323 359
MS 28 38 36
MT 3 3 0
NC 25 29 32
ND 1 2 0
NE 28 29 18
NH 73 85 79
NJ 425 430 395
NM 0 1 1
NV 20 22 18

NY 2,192 2,604 2,500
OH 761 866 854
OK 4 0 0
OR 20 20 2%
PA 1,061 1,265 1,306
RI 168 195 0

SC 38 37 35
SD 1 ) 0
TN 65 74 74
TX 135 136 130
uT 14 9 8
VA 87 90 0
VT 64 72 67
WA 9 20 24
WI 251 249 249
WV 33 21 31
WY 1 2 0
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Table A16: Counts of Patents by State and Dataset: 1900

CUSP HistPat SAZ

AK 4 4 0

AL 89 88 91
AR 86 75 88
AZ 21 16 17

CA 27 689 661
CO 270 245 247
CT 712 657 696
DC 235 235 227

DE 29 27 37
FL 72 70 79
GA 162 137 1,188
HI 7 6 8
IA 530 478 511
ID 35 29 31

IL 2250 2219 2280
IN 551 544 597
KS 251 227 242
KY 217 191 227
LA 132 127 185
MA 1,687 1541 1,492
MD 303 278 286
ME 129 123 293
MI 725 669 671
MN 407 378 357
MO 667 670 729

MS 67 58 69
MT 71 65 0
NC 73 63 73
ND 45 41 47
NE 184 177 182
NH 104 96 85
NJ 972 877 927
NM 2 3 9
NV 12 13 12

NY 3438 3,312 3,502
OH 1,489 1,483 1,494

OK 54 45 59
OR 112 84 84
PA 2284 2249 2330
RI 225 213 0
sC 38 39 45
SD 52 36 46

TN 188 179 194
TX 349 326 330

uT 65 56 56
VA 191 176 1
VT 55 53 65

WA 154 133 162
WI 482 420 442
WV 106 83 35
WY 15 13 15
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Table A17: Counts of Patents by State and Dataset: 1910

CUSP HistPat SAZ

AK 14 13 1
AL 174 171 159
AR 132 126 101
AZ 71 49 40
CA 1486 1416 1,072
CO 442 458 399
CT 1,040 925 542
DC 258 254 217
DE 44 44 86
FL 107 102 106
GA 200 195 1,031
HI 8 10 8
IA 609 584 493
ID 105 101 88
IL 3130 3,088 2238
IN 730 862 571
KS 427 428 363
KY 248 243 197
LA 162 166 236
MA 2,164 1,987 1,369
MD 314 297 261
ME 161 134 269
MI 1,004 928 643
MN 599 580 464
MO 1,013 1,057 929
MS 105 105 89
MT 92 86 0
NC 176 170 130
ND 167 148 158
NE 319 326 272
NH 133 119 91
NJ 1464 1,389 1,114
NM 2 32 38
NV 44 34 33
NY 4,702 4,668 3,269
OH 2,328 2403 1485
OK 243 222 188
OR 251 212 177
PA 3,183 3,230 2332
RI 263 255 0
sc 91 78 76
SD 127 104 110
TN 230 225 180
TX 642 642 540
UT 126 119 99
VA 243 259 0
VT 89 87 70
WA 415 415 353
WI 814 792 589
WV 193 107 41
WY 32 32 34
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Table A18: Counts of Patents by State and Dataset: 1920

CUSP HistPat SAZ

AK 17 16 0
AL 133 140 141
AR 118 105 97
AZ 89 72 45
CA 1919 1888 1,692
CO 345 356 336
CT 913 830 868
DC 308 321 279
DE 84 92 180
FL 122 122 175
GA 168 178 525

HI 10 21 28
IA 603 604 559
ID 84 7 75

IL 3459 3414 3,079
IN 687 707 643
KS 335 333 304
KY 198 192 173
LA 166 168 312
MA 1,878 1,827 1481
MD 350 321 745
ME 125 107 476
MI 1,334 1,275 1,037
MN 739 715 621
MO 896 921 913
MS 75 74 71
MT 138 145 0
NC 147 153 151
ND 146 90 134
NE 246 249 225

NH 100 91 72
NJ 1,743 1,693 1,579
NM 35 20 47
NV 28 25 23

NY 5307 5497 5,026
OH 2276 2352 1,893
OK 296 256 258
OR 295 283 273
PA 2924 3,001 2526

RI 231 238 0
SC 101 91 86
SD 103 64 95

TN 205 215 217
TX 609 603 523
uT 142 130 105
VA 272 322 1
VT 47 45 34
WA 609 597 569
WI 889 887 707
WV 165 76 86
WY 47 45 36
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Table A19: Counts of Patents by State and Dataset: 1930

CUSP HistPat SAZ

AK 11 6 0
AL 104 118 90
AR 74 69 49
AZ 99 o7 30

CA 2977 2761 1,930
CO 399 313 196
CT 1227 1,093 962
DC 326 295 217
DE 104 109 404
FL 227 195 222
GA 161 141 1,375

HI 23 24 19
IA 412 447 338
ID 76 62 43

IL 4324 4,155 3,531
IN 969 942 650
KS 323 253 188
KY 191 184 169
LA 145 133 304
MA 2,079 1975 1,332
MD 462 404 455
ME 142 104 353
MI 2,286 2,210 1,406
MN 690 627 414
MO 717 832 57T

MS 75 52 38
MT 83 7 0

NC 124 137 112
ND 76 38 34

NE 208 213 155
NH 154 154 87
NJ 2,620 2441 1,852
NM 15 7 20
NV 21 23 23
NY 6,104 6,621 5,329
OH 3200 3469 2,350
OK 336 328 229
OR 281 244 173
PA 3,174 3203 2271

RI 272 258 0
SC 56 o1 38
SD 79 63 52

TN 195 178 134
TX 639 622 437

uT 106 99 84
VA 186 227 0
VT 64 56 37

WA 545 491 399
WI 1,144 1,160 727
WV 203 41 89
WY 45 40 29
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Table A20: Counts of Patents by State and Dataset: 1940

CUSP HistPat SAZ

AK 6 3 0

AL 196 93 90
AR 70 41 33
AZ 59 40 42

CA 2455 2493 2,181
CO 206 256 181
CT 1,160 1,085 967
DC 232 209 216
DE 303 359 684
FL 140 223 210
GA 126 128 1,931

HI 22 30 26
IA 290 308 262
ID 43 34 37

IL 3,178 3,676 3,541
IN 935 980 761
KS 181 191 167
KY 141 143 140
LA 154 156 282
MA 1,787 1,777 1,227
MD 370 383 346
ME 86 66 205
MI 2,231 2,281 1,809
MN 473 559 464
MO 496 734 666

MS 59 52 42
MT 57 53 0
NC 141 139 135
ND 28 26 25
NE 95 88 73
NH 97 87 72
NJ 2678 2,617 2,299
NM 26 12 29
NV 31 15 19

NY 5648 6,278 5,798
OH 2,748 3,038 2429
OK 332 328 288
OR 165 164 163
PA 2607 2822 2630

RI 245 253 0
SC 75 62 65
SD 16 38 36

TN 156 161 135
TX 763 750 679

uT 58 48 51
VA 178 267 0
VT 39 32 28

WA 281 299 264
WI 822 835 679
WV 136 36 83
WY 188 19 19
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G Patents by U.S. and Foreign Inventors

The results in the previous section use only those patents for whom an inventor is residing in
the U.S. But the CUSP, HistPat, and Jim Shaw data also contain inventors that file patents
with the USPTO while residing in foreign countries. In Figures A12 and A13, I plot the
number and share of total patents for which an inventor resides in the U.S. or a foreign
country, respectively. The USPTO aggregate patenting statistics list separate counts of the
number of patents issued to U.S. inventors in each year. I consider an inventor to be based
in the U.S. if the inventor’s country is listed as the U.S. or if the inventor’s state of residence
is one of the U.S. states, the District of Columbia, or if the state is missing but the country
is listed as “United States”.’? Because the HPDF and KPSS datasets do not record inventor
information, I omit them from this analysis. Because the SAZ dataset is only designed to
pull out names of U.S.-based inventors, I omit it from Figure A13

In general, the results in Figure A12 are similar to those in Figure 5, with the exception
that when examining only the U.S.-based patents, the SAZ data perform better relative to
CUSP and HistPat. This is to be expected, as both the HistPat and SAZ contain data
only on U.S. inventors; SAZ was constructed to match inventor names to the U.S. decennial
population censuses. In some years, however, the SAZ performs too well: in 1895, 1896,
1898, 1899, 1900, 1908, and 1909, SAZ contains more than 100% of patents to U.S.-resident
inventors. This likely occurs for two reasons. First and most important, as noted above,
patents from Germany are erroneously recorded as being from the state of Georgia. Second,

the SAZ data may mis-classify utility patents as other types of patents (e.g., design or plant

5The number of patents issued to inventors living in Puerto Rice or other U.S. territories, especially
during historical periods, are trivial. For inventors in the military, the Jim Shaw data lists the location as
“United States Army” or “United States Navy.” I record these inventors as U.S.-based as well.
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patents) as utility patents.

Figure A13 shows that the CUSP data contains a larger number of foreign-based inventors
than either the HistPat or Jim Shaw data in very year. To calculate the aggregate number of
patents with a foreign inventor from the USPTO aggregate statistics, I subtract the number
of patents with a U.S.-based inventor from the total number of issued patents each year. This
undercounts the number of patents with a foreign inventor if foreign inventors collaborate
with U.S. inventors on the same patent; I have noticed a number of these cases while manually
inspecting patents. It is thus not surprising that the CUSP reports more than 100% of the
aggregate number of foreign patents in panel (b). the Jim Shaw and HistPat data report
close to 100%:; recall that especially in early years these datasets usually contain the location
for only one inventor, and thus are likely to give a number of foreign patents closer to how

I constructed the USPTQO’s aggregate count of foreign patents.

Figure A12: U.S.-Based Patents
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Notes: Panel (a) plots the number of patents to an inventor residing in the U.S. Panel (b) plots the fraction
of the total U.S.-based inventors from the USPTO aggregate patents that were successfully linked to a U.S.
state each year using each patent dataset.
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Figure A13: Foreign-Based Patents
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Notes: Panel (a) plots the number of patents to inventors not residing in the U.S. each year using each
patent dataset. Panel (b) plots the fraction of the total foreign-based patents from the USPTO aggregate
patents each year using each patent dataset.

H Additional Differences Between Datasets

Figure A14 replicates panel (a) of Figure 10 except I show when the issue years differ between
the HPDF dataset and each of the CUSP, HistPat, and Jim Shaw datasets.

Digging into differences in the patent issue dates in more detail, I investigate whether
it is possible to get a sense of which dataset is more likely to be correct when two datasets
record different issue dates. One attempt to do this is see if one dataset is more likely to

)

record patents “out of order.” The PTO assigns patent numbers sequentially by date of
issuance. Thus, if a dataset contains a patent number with a later issue date than the patent
that succeeds it, this indicates that at least one of those patents is out of order. I display
these results in Table A21. The first row displays the number of instances in which a patent
number has a later issue year than the patent that succeeds it. These are extremely rare,

with only 26 cases in all of the CUSP and HistPat, three cases in the HPDF, and 29 cases in

the Jim Shaw dataset. The second row displays the number of instances in which a patent
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number has a later issue date than the succeeding patent, where the issue date uses the
day, month, and year instead of just the year. Mistakes here are more common, even in the
HPDF, although they are still quite rare relative to the overall number of patents in these
datasets.

To ensure that the results in Figure 11 (showing the number of patents in different states
in different datasets) are not driven by different ways of ordering inventors across datasets,
in Appendix H, I plot similar results but looking for differences in the state of residence
of the inventor residing if the first alphabetical state in each dataset. In this case, I find
even more patents that list different states in different datasets, likely because such a way
of counting accentuates failing to parse all inventors, as indicated in Figure 6.

In the body of the paper, I use states of residence as the “baseline” plots to show when
different datasets because it is a relatively fine geographic area (at least, fine relative to, say,
country of residence), yet state names are easier to clean than are county names. I want
to ensure that differences in locations are not driven by choices in cleaning or harmonizing
location names.® Nevertheless, in many cases researchers will want to use patents aggregated
to finer levels than states, and so it is informative to see how often the CUSP and HistPat
datasets report different inventors’ counties of residence. I report these results in Figure A16,

using the county of residence of the first listed inventor; results using the county of residence

6 An additional challenge using county names is that county boundaries change over time, counties merge
or split, etc. The CUSP data places patents in their current county (Berkes, 2018) (the HistPat data is less
explicit on this point, but I believe they also assign patents to the patent’s current county). By “current
county,” I mean the patent’s county at the time the CUSP dataset was built, circa 2017. This is in contrast
to the SAZ and Jim Shaw data, which locate patents in their counties at the time the patent issued. Using
the SAZ data, I have experimented with these issues and conclude that different ways of handling county
boundaries affect a relatively small number of patents; these results are available upon request. Most patents
are from large cities, which typically don’t change their counties (although there may be issues with large
cities annexing neighboring areas). For more issues in determining a patent’s county, see Appendix E above.
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of the first alphabetic county are available upon request. Not surprisingly, counties of resi-
dence differ across datasets more often than do states.

Figure A17 conducts a similar exercise but examining a more aggregated measure of
geography: country of residence of the first listed inventor. I plot the difference between the
CUSP and HistPat, between the CUSP and Jim Shaw, and between the HistPat and Jim
Shaw, since all three of these datasets contain patents from both U.S.- and foreign-based
inventors. Prior to 1970, fewer than 5% of patents in the CUSP report a different country
between the CUSP and HistPat for all but a couple of years (differences between the CUSP
and Jim Shaw and HistPat and Jim Shaw are even smaller for all years in common). The
1970s correspond to a period when international patenting skyrockets, as well as a period
when coverage in the HistPat becomes less accurate; either could explain the observed spike.
For most years, country of residence is easier to identify than is state or county. The fact that
3-5% of patents still record different countries of residence for most years is yet additional
suggestive evidence that mis-recording patent numbers may be driving discrepancies.

Figure A18 plots the number and fraction of patents numbers for which a different number
of inventors is recorded between the CUSP and HistPat, between the CUSP and Jim Shaw,
and between the HistPat and Jim Shaw. Here, the share of patent numbers with different
information is higher than any of the geographic measures. This should not be surprising;
recall from Section 3.3 that the HistPat, and perhaps to a lesser extent the Jim Shaw, data do
not appear to do a good job of capturing inventors beyond the first inventor for many years.
The fraction of patent numbers that disagree between the CUSP and HistPat increases after
1930; this is the same time that team size on patents begins to increase dramatically, leading

to many more opportunities for error in correctly counting the number of inventors.
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Finally, Figure A19 plots the number of fraction of patent numbers for which a different
patent class or subclass is recorded between the CUSP and HPDF. For this exercise, I
use USPC classifications. Reassuringly, the 3-digit USPC classes are almost never different
between the CUSP and HPDF. USPC sub-classes, which correspond to a 6-digit patent
class, disagree far more often, in 10-20% of CUSP patents in most years. I verify that these
differences are not driven by cases in which a patent subclass is missing in either the CUSP
or HPDF. This is surprising, since patent classification information is not reported on patent

documents; instead the CUSP obtains this information from the USPTO (Berkes, 2018).

Figure A14: Patents that Have Different Issue Dates in HPDF and Other Datasets
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Table A21: Out-of-Order Patents

CUSP HistPat HPDF Jim Shaw

Year 26 26 3 29
Full Date 1,905 1,735 1,119

Notes: The number of patents in each dataset that are “out-of-order.” A patent with a given patent number
is out-of-order if the issue date for that patent number is later than the issue date of the next patent number.
The first row uses the issue year to determine patent issue dates. The second row uses the issue day, month,
and year to determine issue dates.

Figure A15: Patents that Have Different Sates of Residence (by First Alphabetical State)
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Notes: The number (panel a) and fraction (panel b) of patents for which the state of residence of the first
listed inventor is different in one dataset compared to another. State of residence is calculated for the first
inventor alphabetically by state name.

I Design and Plant Patents

In the Annual Reports, patents of different types are recorded in different sections of the
reports. To record patents of different types, Sarada et al. (2019) therefore search the
Annual Reports for section headings or other mentions of distinct patent types (e.g., “Design
Patents”, “Plant Patents”, “Reissues”, etc.). Years in which zero design patents are recorded

typically mean that design patents were reported in a separate volume that was not OCRed

40



Figure A16: Patents that Have Different Counties of Residence
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Notes: The number (panel a) and fraction (panel b) of patents for which the county of residence of the first
listed inventor is different in one dataset compared to another.

Figure A17: Patents that Have Different Countries of Residence
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and parsed. In the SAZ data, the type of invention to which a given record belongs is coded

in the “invention_type” variable.
Surprisingly, the Jim Shaw data lists more design patents than are recorded in the USPTO
aggregate data in 1854. This is likely due to either an error in the published USPTO

aggregate data or, more likely a mis-coding of the issue year for some of the design patents
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Figure A18: Patents that Have Different Numbers of Recorded Inventors Across Datasets
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Figure A19: Patents that Have Different Classes and Sub-Classes Across Datasets
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different in the CUSP relative to the HPDF, by issue year in the CUSP.

that actually issued in 1853. There are relatively few design patents in the early years, so a

relati

vely small number of mis-coded issue years can lead to large swings in the fraction of

issued design patents. In 1854, the Jim Shaw data record 11 more design patents than are

listed in the USPTO aggregate data, while in 1853 they record 11 fewer.
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Figure A20: Share of Design and Plant Patents in SAZ and Jim Shaw Data
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Notes: The share of design all design patents issued by the USPTO in each year in Jim Shaw data (green
dotted line) and the SAZ data (red solid line) and the share of all plant patents issued by the USPTO in each
year in the SAZ data (red dashed line). Data on aggregate numbers of design and plant patents granted each
year by the USPTO are from https://www.uspto.gov/web/offices/ac/ido/oeip/taf/h_counts.htm.
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