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Abstract

Much work on technological change agrees that the recombination of new and existing
technological capabilities is one of the principal sources of technological novelty. Patented
inventions can be seen as bundles of distinct technologies brought together to accomplish a
specific outcome—and this is how the U.S. Patent Office defines inventions. The technologies
constituting inventions are identified by the U.S. Patent Office through an elaborate system of
technology codes. A combinatorial perspective on invention, emblematic of approaches to
technological change informed by evolutionary economics and complexity science, is inherent in
the use of technology codes to summarize what is technologically novel about a patented
invention. The technology codes represent a set of consistent definitions of technologies and
their components spanning 220 years of inventive activity, and are an underutilized data resource
for identifying distinct technological capabilities, defining technology spaces, marking the arrival
of technological novelty, measuring technological complexity, and empirically grounding the
study of technological change. The present discussion provides an introduction to the use of
patent technology codes as well as some basic empirics. Our results highlight the highly
discriminating nature of the codes and their usefulness in characterizing the type of processes by
which technological capabilities generate novelty.
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1. Introduction

Much work on technological change agrees that the recombination of new and existing
technological capabilities is one of the principal sources of technological novelty (see, for
example, Schumpeter 1939; Kroeber 1948; Usher 1954; Allen 1977; Redman 1979; Nelson and
Winter 1982; Basalla 1988; Von Hippel 1988; Henderson and Clark 1990; Kogut and Zander
1992; Tushman and Rosenkopf 1992; Christensen 1997; Hargadon and Sutton 1997; Levinthal
1997; Weitzman 1998; Auerswald et al. 2000; Kauffman et al. 2000; Fleming, 2001; Rivkin
2001, Fleming and Sorenson 2004; Frenken 2006; Arthur, 2009). But the combinatorial view of
technology, however compelling its metaphors, analogies, and models are, runs into very serious
empirical difficulties when it tries to identify and discretize technologies. This empirical
challenge is encountered by just about any analysis of technology change: it is vastly easier to
theorize about technology than it is to measure it." Much technological change is manifested in
inventions—new artifacts, devices, processes, or materials (Gilfillan 1935; Higgs 1971,
Rosenberg 1982; Hughes 1989; Mokyr 1990; Braudel 1992; Landes 1998; Jorgenson 2001; Khan
2005; Boot 2006). Some inventions, specifically patented inventions, leave behind a detailed
evidentiary trail, and consequently patenting activity has become a widely used framework for
studying the “knowledge economy” (e.g. Acs and Audretsch. 1989; Griliches 1990; Jaffe,
Trajtenberg and Henderson 1993; Acs, Anselin and Varga 2002, Jaffe and Trajtenberg 2002;
Jaffe, Hall and Trajtenberg 2005; Bettencourt, Lobo and Strumsky 2007).2

The research literature on patenting has focused on using the patented inventions as
instantiations of technology (e.g., Hall, Jaffe and Trajtenberg 2005; Youtie, lacopetta and
Graham, 2008). Alternatively, inventions can be seen as distinct technological capabilities
combined to accomplish a specific outcome (e.g., Rosenberg 1982, 1994). The laser presupposes
the ability to construct highly reflective optical cavities, create light intensification mediums of
sufficient purity, and supply light of specific wavelengths; the polymerase chain reaction results
from (among various other capabilities) the ability to finely control thermal cycling (which
requires the use of computers), and isolate short DNA fragments and a DNA polymerase (both of
which require techniques from chemical engineering). The U.S. Patent and Trademark Office
(USPTO) in effect follows this approach and defines inventions as bundles of technological
capabilities. The Patent Office identifies the technologies constituting inventions through an
elaborate system of technology codes which categorize the technological features of a patented
invention. A combinatorial perspective on invention, emblematic of approaches to technological
change informed by evolutionary economics and complexity science, is inherent in the USPTO’s
use of technology codes to summarize what is technologically novel about a patented invention.

What is novel about an invention is described by its inventors, in technical and precise
detail, in the patent’s claims. The United States Patent and Trademark Office (USPTO)’s patent
examiner then categorizes the invention by encoding the information contained in the claims

! This difficulty is on a par with the difficulty of measuring “knowledge spillovers” (Krugman 1991; Rosenthal and
Strange 2004).

% \We are aware of the many concerns about using patents as indicators of generic inventive activity, principally that
not all inventions are patented and that many important types of inventions (e.g., organizational forms) cannot even
be patented. We nevertheless agree with Lerner and Kortum (2000) and Jaffe, Trajtenberg and Hall (2006) who see
patents as a useful proxy for inventive activity.



using a system of numerical codes (technology codes). At any given time the existing set of
technology codes available to a patent examiner is essentially a description of the current set of
technological capabilities. A patented invention, by definition, represents technological novelty;
thus with each new patent an examiner must decide which codes to use to capture the
technological components in a patent, and whether or not new technology codes are required to
capture the invention’s novelty. The introduction of a new code sets in motion a retroactive
reclassification of all previous patents that may have embodied that technology. The Patent
Office’s technology codes thus constitute a set of consistent definitions of technological
capabilities spanning 220 years of inventive activity.

Researchers have primarily used the patent technology codes to select sets of patents
from the patent record and group them into particular taxonomies (see, for example, Hall, Jaffe
and Trajtenberg, 2001; Moser and Nicholas, 2004; Marx, Strumsky and Fleming, 2009).> We
argue here that the technology codes are an underutilized data resource for identifying distinct
technological capabilities, defining technology spaces, marking the arrival of technological
novelty, measuring technological complexity, and empirically grounding the study of
technological change. The present discussion is meant to provide an introduction to how patent
technology codes are assigned and what information they convey robustly and in sufficient detail
so that researchers can exploit the empirical and modeling opportunities afforded by the codes.
We provide some basic empirics for the codes—highlighting their discriminating nature—and
use them to characterize the nature and rate of technological change since the mid 19" century.

We see the technology codes as complementary to that other patent metric that has been
put to widespread use tracing relationships among inventions, assessing their usefulness and
quantifying their novelty, namely, patent citations (Trajtenberg 1990; Trajtenberg, Henderson
and Jaffe 1997; Hall, Jaffe and Trajtenberg 2001). A few comments are in order regarding the
analytic differences between using citations and technology codes. The essential difference is
that citations treat inventions as the fundamental unit of analysis for studying technology while
the codes refer to the technological capabilities constituting the inventions as the fundamental
particles. As a marker of quality and usefulness—once the first quality hurdle is cleared by
having an application for a patent granted—nbeing cited by other inventions is surely a good sign.
And a hallmark of “General Purpose Technologies,” which really refer to inventions with
transformative reach such as the steam engine, electricity or the personal computer, is surely that
other inventions utilize them (Helpman 1998). But it is important to remember that patent
citations first and foremost serve a legal function: delimiting the legal scope of the property
rights awarded by a patent. If the research focus is on the origin of technological novelty
embedded in inventions—refinement, recombination or creation de novo?—a finer-grained
measure than citations is needed. The absence of references to previous patents does not imply
that an invention does not use previously existing technologies.* Given how sparse the citation
record is, relying on citations to study the origins of technological novelty is bound to result in a

® Fleming and Sorenson (2001), in which codes are used to quantify the technologies in a patented invention, is a
notable exception.

* Consider the case of the most cited invention: the polymerase chain reaction (patent # 4,683,202) which did not
cite any prior inventions (and which has been cited 2,135 times). This patent did not utilize prior art but it surely
combined existing technological capabilities (Pisano 2006).



somewhat distorted picture.” Furthermore, while measures of a patent’s originality and generality
inform us about the inventions that engendered them and the inventions they engendered, they
provide little information regarding the capabilities that had to be originated or combined to
create a new device, process or material.® Ultimately patent citations and patent technology
codes measure different things and thus make it possible to answer different questions. We
expect that much can be learned about technological change by comparing, contrasting and
integrating insights gained by using the two types of data.

Our discussion is organized as follows. The next section discusses in some detail how
what is novel in a patent is described in the patent’s claims, while section three describes how the
information contained in the claims is classified by assigning the patentnmbvbnv technology
codes. Basic empirics for the codes are provided in section four and their use in quantifying
technological change is the topic of section five. Section six concludes with a discussion of
research possibilities using the codes.

2. Patent Claims

A patent is an intellectual property right granted by the Government of the United States
of America to an inventor; it excludes others from making, using, offering for sale, or selling the
invention throughout the United States, or importing the invention into the United States, for a
limited time (generally 20 years from the filing date) in exchange for public disclosure of the
invention when the patent is granted.” Section 101 of U.S. Patent Law specifies four categories
of inventions or discoveries that are eligible for the protection of a patent: processes, machines,
manufactures and compositions of matter. The United States Patent and Trademark Office
(USPTOQO) grants three types of patents: utility patents—also referred to as “a patents for
invention”—are issued for the invention of “new and useful” processes, machines, artifacts, or
compositions of matter; design patents, which are granted for the ornamental design of a
functional item; and plant patents which are conferred for new varieties of plants or seeds. 92%
of the patents granted by the USPTO are utility patents. Though it is the case that most patents
have been granted to inventions involving machines or the transformation of one physical article
into another, the U.S. Supreme Court has reaffirmed the patentability of business methods,
computer programs and mathematical algorithms (561 U.S. Supreme Court, 2010).

By definition a patent is granted by the USPTO to an invention that is both novel (not
obvious to others skilled in the same field) and useful.® It is intended to be limited to only one
invention consisting of several closely related and indivisible (i.e. integrated) technologies that,

® The distribution of citations is extremely skewed with a mean of 5.4 and a median of 1. Of the 8,493,636 patents
successfully applied for between 1790 and September of 2010, almost 40% have no citations.

® Consider the case of the second most cited patent, that for the bubble jet printer (# 4,723,129): it cites 14 patents
and has been cited 1,962 times. The inventions cited by the bubble jet printer involve the formation of fine droplets,
circuitry design, thermal actuators, and photocopying, As innovative as the bubble jet printer was, all of its
constituent technologies (described by the patent’s 10 technology codes) existed prior to its invention.

" This right was established over 200 years ago in Article 1, Section 8 of the United States Constitution: “To
promote the Progress of Science and useful Arts, by securing for limited Times to Authors and Inventors the
exclusive Right to their respective Writings and Discoveries.”

& A recent U.S. Supreme Court Decision, 550 U.S. 398 (2007), considerably lifted the bar on the non-obviousness
requirement.



acting together, accomplish a specified task (in patent law this is know as the “unity of
invention”). This is a subtle point that often leads to unwarranted criticism of inventors, firms
and the USPTO. In plain terms, a jet engine cannot be patented but the numerous components of
the jet engine can. In the case of inventions which accomplish multiple and separable tasks the
inventors are required to file separate patent applications for each distinct task.

The narrow and circumscribed nature of patented inventions has implications for how
patents can be used to study the origins of new technologies. Consider the case of a firm that
develops a new automobile that incorporates ten distinct and novel technologies. The firm can
not seek a patent for the entire new car but must file ten patents enumerating the ten indivisible
inventions each with its own set of claims of technological novelty.

What is new in a patentable invention is specified by the patent’s authors in the numbered
claims which also serve to define the scope of the legal protection granted by the patent. The
claims state, in technical and precise terms, the subject matter of the invention (or discovery), as
well as its purpose, principal properties, how it operates and the methods it employs. Claims can
read, for example, as “A hydrocarbon transfer system comprising a processing vessel and a
tanker vessel...,” or as “A method of bandwidth reservations through a switch by employing
counters associated with input-output queues....” For patent examiners, the claims are the
principal factor in determining whether a proposed invention infringes on an existing patent, and
whether it meets the criteria of novelty and non-obviousness. Claims have been a necessary part
of U.S. patent applications since the enactment of the Patent Act of 1836. Inventors are
obviously motivated to seek the broadest set of monopoly rights, and therefore to be expansive
with respect to how many claims they make in their applications.

It would at first seem that the number of claims in a patent corresponds to a higher degree
of technological novelty but alas this is not the case, the reason being that there are two types of
claims. A claim may be exemplary or dependent: exemplary claims are independent claims of
novelty or discovery and must meet the criteria of patentability without reference to another
claim in the same application, whereas dependent claims refer to or limit another claim in the
same patent application. By law a patent application must contain at least one independent claim.
(As of September 2010, 98.6% of patents have a single exemplary claim.) A large number of
total claims on a patent almost invariably results from the patent having a large number of
dependent claims, and this in turn implies a narrowing of the legal scope of protection for the
patent, not a high degree of novelty.

We can illustrate this with two examples. The patent with the highest number of claims is
a computer search algorithm for insurance and financial products owned by Ryan Evalulife
Systems, Inc. (patent # 6,684,189); although this patent lists 887 dependent claims it has a single
exemplary claim.’® The majority of the dependent claims qualify the exemplary claim by
enumerating each specific type of insurance or financial product the algorithm can search on
(documents with hyper links, typed or handwritten documents, etc.) and the criteria than can be
applied to the search (such as gender, health condition etc). Or consider patent # 6,609,967 (an
apparatus for air recirculation in a ventilation system) with a total of 100 claims and a single

° The number of times a given patent is cited by subsequent patents is often interpreted as an indication of how
useful an invention is. Patent #6,684,189 has received 21 citations to date, which is not at all unusually high.



exemplary claim. This patent’s 99 dependent claims are specifications regarding air flow
direction and measurement as well as the number of sensor devices necessary to conduct such
measurements. The dependent claims do not touch on or expand the invention’s technological
novelty.

Dependent claims are important not because they expand upon the novelty of the
invention’s technology but because they specify the legally protected characteristics of an
invention. Even if a court finds the primary claim was wrongly granted, dependent claims may
still provide valid grounds for granting a patent. A patent with a large number of claims therefore
has significant qualifications concerning the scope of its monopoly rights. Such detailed
specifications are required so as not to infringe on other patents (such as other ventilation
systems utilizing fewer sensors or a search algorithm that searched on a different set of financial
products). Nor is a high number of claims a predictor of the usefulness of an invention; for utility
patents granted since 1975 (about 3.4 million patents) the correlation between the number of
claims in a patent and the number of citations received within 8 years of the patent being granted
isonly 0.11.

In technology fields that are “crowded”—that is to say, areas of technology that already
have many patents and technical publications—the examiners must be more careful to avoid
conferring duplicate rights of discovery. Patent applications in crowded areas are more likely to
have restrictive dependent claims, and are more likely to be challenged in a declaratory judgment
by another party or in an infringement action brought by the patentee themselves. Accordingly,
older technologies and mature industries are more likely to see a higher average number of
claims. As existing technological capabilities become more fully exploited over time, the
crowding effect will manifest itself as a general increase in the number of total claims over all
(Tong and Frame 1994; van Zeebroeck, van Pottelsberghe and Guellec 2006).

Figure 1 shows the mean number of claims per utility patent granted by the USPTO for
five-year windows from 1950 to 2009 (the plot also shows, for purposes of comparison, the total
number of patents successfully applied for during each of the five-year windows). We count
patents on the year they were successfully applied for (the application year) so as to count
inventions as close as possible to the time they were invented. There is considerable variation
across patents in their number of claims as indicated by the coefficient of variation which
remained around 0.8 throughout the period. The increase in the number of total claims is quite
evident, and two very different processes are driving this increase: there has been an increase in
the number of technological capabilities being brought together by patents, and the legal scope of
patents is narrowing (which increases the number of dependent claims containing limitations or
restrictions). There is no evident relationship between the level of patenting and the increase in
the average number of claims (the sharp drop-off in the number of patents after the 2000 window
is an artifact of the length of time it takes for a patent application to be reviewed which on
average is about six years).

3. Technology Codes

The USPTO uses a system of numerical technology (or classification) codes to categorize
the technologies invoked by approved claims. The codes make it possible to group patents



according to similarly claimed subject matter thereby allowing for patents to be searchable.
Classification codes are used by patent examiners when searching for relevant prior art during a
patent application examination process.’® Multiple dependent claims may fall under a single
technology code, though identical redundant codes appear only once. The process of assigning
the technology codes to a patent begins by determining the type of subject matter, that is,
whether the invention concerns processes, machines, manufactures and/or compositions of
matter. Once the general subject matter is determined, every claim, whether independent or
dependent, must be considered separately for classification, and in some instances encoding a
single claim may require more than one technology code.

The present USPTO patent classification system is based on a classification scheme
created in 1900; prior to 1900 the coding reflected economic activities of the period with
somewhat informal subdivisions created to keep the collections to a manageable size. Since then
the Patent Office has specifically avoided classifying technologies based on industries or end-
uses as such a scheme carries the risk of granting multiple patents to the same invention. In 1872,
for example, the patent classification system distinguished between cooling devices based on the
product being cooled (such as beer or milk). Today the technology used to cool beer and milk is
treated as being the same, and should be identifiable in any search performed for cooling
devices. The classification system—which is legally mandated to provide an exhaustive
reference to all patentable subject matter—has been periodically revised since 1900.

A technology (or classification) code consists of two parts: a technology class and a
technology subclass. A class is a major category of patentable technology while a subclass is a
refined subset within a class. Subclasses have very detailed definitions and some subclasses are
nested within hierarchical relationships to other subclasses. There are currently 481 classes and
about 150,000 subclasses used by the USPTO; the active technology codes number 214,091."
Once codes have been assigned to a patent, one of the classifications must be designated as the
original or primary classification. If all the codes occur in the same class, then the most specific
or detailed code is chosen. If codes are in different classes, the primary classification is generally
determined by the most comprehensive claim. Just as the minimum criterion for a patent is a
single claim of novelty, a patent must have at least one code, but there are no limits to how many
codes may be assigned to a patent. Other than the code selected as the original classification, the
order in which technology codes are listed on a on a patent is arbitrary. The passage from claims
to codes is not the result of applying precisely-defined and algorithmic-like procedures, but
rather depends on the expertise and experience, that is on the craft, of the patent examiners. We
emphasize that the reduction of the number of claims to a more limited number of codes is not
informative or revealing about the nature of the technologies constituting an invention.

Consider the example of the patent for an early global positioning system (GPS)
submitted in 1984 by NASA researchers (patent number 4,445,118): the patent has 24 claims and
is described by 2 technology codes. The patent’s primary claim can be paraphrased as a system
for determining the position of a user, by transmitting data between the user and remote

19 «prior art” constitutes all information that has been made available to the public in any form before the submission
of a patent application that might be relevant to a patent's claims of originality. If an invention has been described in
prior art, a patent on that invention is not valid.

1 For a listing go to www.uspto.gov/web/patents/classification/selectnumwithtitle.htm.



resources to determine a user’s spatial coordinates. This claim was encoded using technology
code 342/357.395; class 342 is defined as “Communication: Directive Radio Wave Systems and
Devices” (i.e., radar and radio navigation), while subclass 357.395 (which is nested within a
larger subclass, 350) codes for devices used for sending or receiving radio signals that vary
according to the relative direction or position of the sender or receiver and which are controlled
from the ground. All the other claims on this patent enumerate how the signals are processed
(e.g. from a relay tower or a satellite), and all the dependent claims are subsumed under
technology code 342/356 which is described as directed radio signal processing that includes the
use of synchronous satellite transmission. Or take the example of a recent invention (patent #
7,785,861, granted on August 31%, 2010) for a genetically altered bacterium that converts
sunlight and carbon dioxide into ingredients of diesel fuel. The patent for this potentially very
consequential invention (which merited an article in The New York Times of September 13,
2010) contains 16 claims which are summarized by just two technology codes: 435/252.3, which
refers to a genetically modified micro-organism containing fused-bacteria for producing a
desired compound, and code 435/471 which refers to the introduction of a polynucleotide
molecule into a bacterium. (Appendix A presents three other examples illustrating how
technology codes are used to categorize inventions.)

“Classification orders” are issued monthly by the USPTO’s Technology Centers, with
each order detailing changes to the classification system over the past month.™ Classification
orders can indicate the introduction of new codes, changes in the definitions of existing codes or
the elimination of codes. A “Primary Patent Examiner” can suggest to his/her “Supervisory
Patent Examiner” the need for a new classification code for categorizing a patent submission; if
after deliberation by the appropriate Technology Center a new code is created, the U.S. Patent
Classification System is revised and retroactive reclassification of all previously granted patents
takes occurs. This process of course takes time, and the introduction of new codes identifying
new technologies occurs some time after the new capabilities exist in the economy. The
classification manual is updated every two months and archived every June and December.
When the set of technology codes is revised, the USPTO reviews all granted patents and
reclassifies those meeting the criteria of the new codes.® As a consequence the technology codes
provide a consistent classification scheme making it possible to compare patent technologies
across more than 200 years of inventive activity.**

Once the encoding process is completed, a patent’s set of technology codes encapsulates
all the aspects of novelty set forth in the claims and specifies the technological capabilities

12 The Technology Centers lodge the Examining Groups which are in turn divided into Art Units. The Art Units
house the patent examiners and are responsible for specifying the patentable technologies for their respective subject
matter. There are currently nine Technology Centers within the USPTO: Biotechnology and Organic Chemistry;
Chemical and Materials Engineering; Computer Architecture, Software and Information Security; Computer
Networks, Multiplex Communication, Video Distribution and Security; Communications; Semiconductors,
Electrical and Optical Systems and Components; Designs; Transportation, Construction, Electronic Commerce,
Agriculture; National Security; and Mechanical Engineering, Manufacturing and Products.

B3 As an example, in October 2004 the USPTO announced the creation of a new class (977) for patents in
nanotechnology. The USPTO then reviewed all patents issued before class 977 was created and re-classified those
meeting the 977 criteria. As a result, according to the USPTO, the first nanotechnology patent was granted in 1986.
4 As a result of the set of codes being revised and updated, specific codes can be removed from usage or re-assigned
another definition.



embodied in the invention. Therefore the larger the number of technology codes, the larger the
number of distinct technologies constituting the patent. Since the technologies denoted by the
codes are assumed to tightly interact in order to accomplish a specific task, it seems plausible to
also consider a larger number of codes as indicative of greater technological complexity
(although not necessarily greater novelty). Two patents with the same set of technology codes
embody the same technologies, albeit with different claims to novelty and scope of legal
protection. A patented invention is in effect an instantiated combination of technologies from the
defined set of all possible combinations of technologies. We refer to the list of n technology
codes categorizing a patent as an n-tuple. (For the results presented here, n-tuples are treated as
combinations and not as permutations.)

4. Basic Empirics

We now present some basic empirics for the patent technology codes (without loss of
generality we use data for utility patents). In order to dampen noise the time-series results are
shown for five-year windows starting in 1835 and ending in 2009, with the starting date chosen
due to the paucity of observations between 1790 and 1834. (Construction of the patent database
is described in Appendix B.) As previously discussed, one of the most attractive features of the
system of technology codes is how the Patent Office reclassifies all patents when new codes are
introduced, thereby creating a historically consistent dataset permitting “apple to apples”
comparisons. It is therefore possible to get a measure of accrued technological capabilities, up to
a certain point in time, by recording how many codes have been utilized to classify patents up to
that date: we refer to this measure as total used technology codes. The cumulative total is
distinguished from the number of active codes, which is the number of codes actually used by
patent examiners to categorize utility patents during a specific period. (The results shown here
are based on the April 2010 Classification Manual.)

Figure 2 shows the total number of technology codes used (i.e. the number of codes
instantiated in patents granted up to the end of a given time window) and the total number of
active codes. Since 1900 about 80% of the total number of available codes are actually used by
patent examiners, indicating that the set of codes is well matched to the technological features of
contemporary inventions—that is, there isn’t much technological “dead wood” in the set of
technology codes. There was a pronounced increase in the total used codes after the year 2000
due to the creation of new codes, starting in the late 1990s, to accommodate software and search
technologies.

The mean and median numbers of technology codes assigned to utility patents, calculated
within each five-year window, are shown on Figure 3. The mean number of codes categorizing
patents has increased over the past 175 years, an indication of the steadily growing technological
complexity of inventions. The mean number of codes increased from 3.2. in 1945 to 4.4 in
2005—a significant increase considering that the process by which codes are assigned to patents
aims at economy of description (the 75" percentile has consistently had a value of 5). The mean
number of codes categorizing patents is distinctly smaller than the number of claims, however -
testimony to the descriptive efficiency of the technology codes. There has been significant, and
increasing, variability, though, as indicated by the difference between mean and median values,



and a coefficient of variation of about 0.75 for every time window (much of this variability is
due to some inventions having upwards of 20 codes assigned to them).

Figure 4 shows the cumulative distribution of patents by n-tuples (for all patents granted
between 1835 and 2009). Sixty-two percent of all patents have been categorized by no more than
three technology codes and four codes have sufficed to describe almost 75% of all patents
granted over the 175 years covered by the data. Clearly the codes provide the vocabulary for
precise and parsimonious descriptions of inventions. Figure 5 depicts the change over time for
the proportion of patents categorized by n-tuples of different sizes (the percentages are calculated
over five-year windows). Whereas one technology code is enough to categorize almost 60% of
patents granted between 1835 and 1870, by 2009 only 10% of patents could be described with
only one code. The proportion categorized by two technology codes decreased by much less,
from 31% to 25%. The proportions accounted by descriptions using 3 and 4 codes both increased
(to 21% and 14%, respectively). Over the past 50 years a third of all inventions have required 5
or more codes indicating that a significant portion of recent inventive activity consists of
combining several distinct technologies (rather than the creation of truly novel technologies).

Since individual technology codes describe specific technological capabilities, multiple
codes must be combined by patent examiners in order to generate comprehensive descriptions of
inventions. If inventions have become more complex, one would then expect the proportion of
active codes used only once to decrease, as the n-tuples built by examiners invoke more codes
per patent. Figure 6 contrasts the increase in the number of active codes used with the decrease in
the proportion of active codes used only once. By the end of the 1990s only 12% of active codes
saw duty only once. There was a pronounced increase over the 2000-2009 period, though, in the
percentage of codes used only once (from 12% to 24%). This increase is most likely due to the
creation of codes, starting in 1996, for accommodating patents for software and search
algorithms.™

The USPTO’s classification system aims to describe the technological features of patents
that make the inventions novel. The classification of patents must capture the characteristics of
inventions as distinctly as possible, otherwise inventors and examiners would be unable to
conduct efficient “prior art” searches, and the classification system would be incapable of issuing
patent rights on a time scale relevant to the inventors. We find that the n-tuples are indeed very
discriminating. Figure 7 shows the percentage of differently sized n-tuples which are unique—
have been used only once to categorize a patent—over the period from 1835 to 2009. Almost
80% of code combinations consisting of two codes (2-tuples) have only been used once; in the
case of 3-tuples the percentage of unique usages is an astounding 92%.

5. Tracking Technological Change

It is our principal contention that patent technology codes can be used to track and
characterize technological change and in what follows we illustrate some of the analytic
possibilities facilitated by the codes. Technological change can be detected by noting the
difference, between two measurement periods, in the number of technology codes instantiated by

5 If patents for software and algorithms are removed from the data, the downward tend visible over most of the
period covered by the plot in figure 6 is restored for the last decade.



the patents granted during the two periods in questions. This difference measures the number of
technological functionalities and capabilities used in the later period which were not available in
the previous period. An obligatory comparison is that between the number of patents granted
during a five-year window and the total number of technology codes available during the same
period for classifying inventions.

Figure 8 shows (a) the time-series for the total number of technology codes instantiated
by patents granted up to the last year of the five-year windows, and (b) the time-series for the
number of patents successfully applied for within a five-year window. (For ease of comparing
the growth trajectories the two series are expressed in natural logarithms). Initially the two series
track each other as the inventions generated during the 1840s, 1850s and 1860s were mainly
single-code inventions. (Judging by the growth rates of inventions and technological capabilities,
the inventive golden age in the United Sates occurred in the first half of the 19" century.)
Starting in 1870, the two series start to diverge as inventions began to combine technological
capabilities more often than using single capabilities. The growth in the number of codes has
been quite steady since the start of the 20™ century while patenting activity increased markedly
in the post-WWI1 period, stalled during the 1970s and then experienced a sharp increase starting
in 1980. The years since 1980 have seen a combinatorial explosion of invention with almost 40%
of all patents granted by the USPTO from 1835 to 2009 occurring in the two decades between
1990 and 2009. No doubt some of this inventive surge was due to technological factors but the
effects of changes in patent law enacted during the 1980s—which combined to increase the value
of holding a patent and created more incentives for firms to patent their inventions—should not
be ignored (Jaffe and Lerner 2004). The decrease in patenting observed after 2005 is nothing
more than a consequence of the fact that many of the patents applied for after 2005 are still under
review (the average length of the patent review process is a little bit over six years).

Figure 9 takes a closer look at the change in technological capabilities and patenting by
showing the percentage change, between five-year windows, in the number of total technology
codes and in the number of patents granted. The rate of change for patenting has been quite
volatile but since the late 19™ century the rate at which new technology codes have been
introduced has been much steadier. The two very noticeable spikes in the percent change in
patenting occurred during the five years before and the five years after the Civil War. And from
1945 to 1999, what many consider to be the coming of age of high technology, the rate at which
new codes were introduced is a paltry 2% per period. The growth in new technologies has
perhaps been experienced as faster because the sheer number of existing technological
capabilities already in existence is so vast. (The acceleration in the growth rate of technology
codes experienced from 1995 to 2005 was due mainly to the introduction of over 6200 distinct
new technology codes for categorizing software-related inventions.)

The ratio of the number of cumulative codes to the number of patents in technology
codes, shown in Figure 10, captures how the economy’s inventive efforts have been directed. A
value for the ratio greater than 1 indicates that inventive effort was channeled towards
developing new technological capabilities; a value less than 1 signifies that inventive effort was
directed toward combining existing capabilities. From 1870 onwards the value of this ratio has
been less than one (except for the WWII period), and declining, indicating that invention in the
United States has been driven much more by the combination of existing technologies than by
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the generation of truly new technological capabilities. Another perspective is afforded by the
ratio of the percent change in technology codes over the percent change in patents, a sort of
elasticity, shown in Figure 11. A value for this ratio of less than 1 signifies that inventive effort
was directed toward combining existing capabilities and a value close to 1 indicates that new
technological capabilities have been added to the economy at the same rate that inventions have
been created. The sharp declines in the ratio coincide closely with major economic shocks and
periods of war, specifically the panics of 1893 and 1896, World War | and World War I, the oil
price crisis of the early 1970’s and the most recent recession starting in 2007. These are periods
of high uncertainty in which the risks associated with seeking new technological capabilities are
higher than the risks associated with improving existing capabilities, thus firms favor invention
in existing technologies during hard economic times or periods of national emergencies. (The
ratio becomes negative for those periods where patenting output declined in relation to the
previous period.) Both of the ratios shown in Figures 9 and 10 show an uptick during the 1995 —
2005 period, evidence again of the upsurge in patenting and the creation of new technological
capabilities which occurred during that decade.

6. Research Possibilities

To the somewhat crowded research domain which uses patent data, we want to add
another data stream which we think can help illuminate the dynamics of technological change:
the technology codes used by the U.S. Patent Office to classify a patented invention’s
technological novelty. The technology codes provide a consistent classification scheme making
it possible to compare the technological capabilities instantiated by patented inventions, and our
results show that the codes are efficient and discriminating in classifying inventions. By focusing
on the technologies constituting inventions, rather than on the inventions themselves, researchers
can use the technology codes to track changes in the functionalities and capabilities available to
the economy at any one time.

Our results suggest that invention mainly involves the combination and recombination of
previously existing technological capabilities rather than the development of totally new
capabilities—and we will pursue this question in greater depth in a subsequent research effort.
We briefly sketch other research paths that seem promising from this perspective, hoping that the
reader can add to the list.

e The fine-grained perspective made possible by technology codes could help identify
“General Purpose Technological Capabilities” to complement the work done on General
Purpose Technologies which has focused on ensembles of technologies.

e Using the patent technology codes one could define a technology space with the codes as
nodes in a graph and edges linking technologies which co-appear in an invention. The degree
of connectivity in sub-regions of the space (which define technological domains) could be
construed as an indicator of the complexity of that sub-space.

e While predicting invention seems foolhardy, identifying possible pathways for technological
change can be put on a serious footing by asking whether past inventive activity makes some
regions of technology space more or less likely to be explored and filled-in. Starting from a
fundamental invention one could examine how regions of technology space become
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populated. It may be possible to make probabilistic assessments about which regions of the
search space are most likely to develop the next recombinant cluster.

e Another approach for determining if predictability is inherent in the system of technology
codes emerges from asking whether the codes define a language. It is a common feature of
languages that some word sequences are more common than others, and that the appearance
of some words, or sequences of words, in a sentence is highly predictive of other words or
phrases. Preliminary results indicate that the system of patent technology codes is a highly
discriminating and precise language. Some technology codes could then be predictive of the
occurrence of other technologies.
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Appendix A: Examples of Using Technology Codes to Categorize Patents

We present three additional examples showing how the USPTQO’s technology codes
categorize inventions. Patent number 6,823,725 (filed on December 12, 2000 and granted on
November 30, 2004) is for a “Linear distance sensor and the use thereof as actuator for motor
vehicles.” This patent list 13 claims and is categorized by three codes— 73/114.01, 324/207.13
and 324/207.24—which together specify the technological capabilities brought together by the
invention. Code 73/114.01 indicates that the invention involves a process or an apparatus for
performing a test on an engine in which the combustion of the fuel takes place within a cylinder;
code 324/207.13 indicates that the invention involves measuring the change in a magnetic field;
and code 324/207.24 specifies that the invention involves measuring motion in a straight line.

Patent 5,029,133 (filed on August 30, 1990 and granted on July 2, 1991) is for “A VLSI
chip having improved test access.” This patent list two claims and is categorized by four codes:
365/189.02, 365/201, 714/703 and 714/731. Code 365/189.02 indicates that the apparatus
involves the static storage and retrieval of information through the transmission of plural signals
over a single signal path; code 365/201 categorizes the invention as involving the testing of
electronic memory for defects or erroneous information; code 714/703 signifies that the
invention involves a process or apparatus for detecting and correcting errors in electrical pulse or
pulse coded data and in which the proper operation of the error detection/correction or fault
detection/recovery apparatus itself is verified; and code 714/731 informs us that the invention
utilizes a timing function or a clock-pulse generator for causing the various parts of the device to
operate on a common time base.

As a third example, consider patent number 6,569,641 (filed on June 5, 1995 and granted
on May 27, 2003) for a “Process for obtaining DNA, RNA, peptides, polypeptides, or protein by
recombinant DNA technique.” This invention lists 21 claims and is categorized by eight codes—
435/69.1, 435/440, 435/471; 435/476, 435/6, 435/71.1, 435/91.1, and 435/91.4—all pertaining to
class 435 (“Chemistry: Molecular Biology and Microbiology”) which classifies a process using a
microorganism or enzyme to synthesize a chemical product. For the sake of brevity we will
unpack only two of the patent’s technology codes. Code 435/69.1 identifies the invention as
involving a process involving the use of recombinant DNA techniques in a process of synthesis
of a protein or polypeptide while code 435/476 tells us that the invention involves a process
wherein the nucleic acid is a plasmid or episome (and therefore capable of autonomous
replication in the microorganism cell).

Appendix B: Patent Data

The USPTO makes available data on the technology codes assigned to every patent it has
granted in optical disc format (the Cassis Patent Assignments File); the data covers the period
from 1790 to the most recent month that data has been archived. The information provided in the
Cassis file includes the date a patent was granted, but does not provide information on the date
the patent was applied for. So as to count patents close to the time they were invented we choose
to count them in the year they were successfully applied. In order to count patents by application
year the patents in the Cassis file have been matched with the patents recorded in a database
constructed by one of us (Strumsky) using data provided by the United States Patent and
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Trademark Office (USPTO). This patent database, which covers slightly over 8 million patent
records, includes information on filing data for every utility patent granted by the USPTO since
1963.

For utility patents granted prior to 1963 the application year has been obtained from
citation records and direct searches. This still left about 13% of all patents, applied for between
1790 and 1960, without an application year. For these patents the year the patent was granted
was used to replace missing applications years. Prior to the 1980s, the time between the filing of
an application and the granting of a patent was significantly less than now (usually taking place
within 24 months), and since we use five-year windows to report our results, we don’t believe
that using year granted instead of filing year in those patents introduced any significant bias.
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Figure 1. Number of claims per granted patent and number of utility patents successfully
applied for, 1950 — 2009 (results shown are calculated for five year windows starting in the
indicated year).
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Figure 2. Cumulative total and active number of USPTO technology codes, 1835 — 2005
(results shown are yearly totals added over five year windows).
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Figure 4. Distribution by n-tuples (the number of technology codes are used in describing a
patent) of all patents granted between 1835 and 2009.
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Figure 6. Number of active technology codes (codes used by patent examiners to categorize
utility patents during the time window) and the percentage of active codes which were used
only once per five-year windows (1835 — 2005).
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Figure 7. Percentage of differently sized n-tuples which are have been used only once to
categorize a patent (1835 — 2009).
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Figure 8. Total of used technology codes and patents generated by five-year windows.
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Figure 9. Percent change in patents and new technology codes per five-year windows (1840
—2005).
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Figure 10. Ratio of total used technology codes to patents per five-year windows (1835 —

2005).

Application Year
27




AV

2.50

2.00
1.50 -
1.00
0.50 -
0.00

-0.50 -
-1.00
-1.50 -
-2.00

0007
S661
0661
S861
0861
SL61
0L6l1
S961
0961
sseol
0se6l
Svol
0ve6l
stol
0¢61
S?61
0ce6l
STel
ole6l
S061
0061
S681
0681
S88I1
0881
SLS8I
0L81
S981
0981
SS8I1
0S8I1
SY81
0v81

Figure 11. Ratio of the change in total used technology codes to the change in patent

output.

Application Year
28




