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ABSTRACT

This article examines trends in collaborative innovation as reflected in the records of
United States utility patents. Changesin group innovation over the years 1974 to 2006 are
analyzed based on records of over 3 million innovations granted patents by the U.S. Patent and
Trademark Office. Both the increasing dominance of group innovation over solo efforts and the
growing size of groups producing patented inventions are evaluated. Trendsin these areas are
separately analyzed for advancesin six different types of technologies. Comparisons are also
made for group innovation trends in United States and foreign corporations. The impact on
group innovation of widespread Internet use and the new collaborative resources the Internet has
provided is also assessed.

United States patents contain large amounts of highly valuable information about group
innovation. Issued patents document successful innovation projects. The inventions emerging
from those projects are not only useful items or processes, but are material departures from prior
design knowledge in their technical fields. Patent applicants have strong motivations to
accurately describe their advances and the parties who produced them in order to ensure the
validity of the resulting patents. Patent examiners screen these applications, thereby ensuring
that issued patents are limited to advances that are both new and material departures from earlier



designs. These features of the patent system tend to ensure that patented advances are
particularly important contributions to technical knowledge (although there is no guarantee that a
patented advance will have amajor social impact and many do not result in commercial
products). By studying the types of group efforts that produced these important technical
advances, we can better identify the group processes and environments that produce new
departures in technical knowledge and that have the potential to spawn significantly new design
approaches for socially valuable products and services.

Patent records contain an enormous volume of information on these sorts of important
advances in technical knowledge and the innovative processes and environments that produced
the advances. From these recordsit is possible to study changesin group innovation patterns
over alarge number of innovations made by innovators working with different technologies and
in different contexts. The present study is based on al United States utility patents issued from
1974 to 2006, as documented in over 3 million patent records.

The findings of this study include the following:

1) Group innovation leading to patented advances overtook solo innovation between
1974 and 2006 and is now by far the dominant mode of production of patented
inventions;

2) The average size of inventor groups aso increased significantly in this period;

3) Significant changes over timein the prevalence of group innovation and the
average size of inventor groups were found for all technology areas, with only
modest differencesin the rates of change for different technologies,

4) The prevalence of group innovation and the average size of inventor groups
increased significantly for advances emerging from both United States and
foreign corporations, but group innovation prevalence and group size grew much
faster for innovation in United States corporations than for foreign corporations;
and

5) The prevalence of group innovation and the average size of inventor groups did
not reflect incremental changes with the widespread use of the Internet starting
approximately in 1994. Changes were well underway prior to this point and
proceeded at about the same pace (or even at a somewhat lesser pace) with the
advent of the Internet.



Group Innovation L eading to Patented I nventions

Group innovation is a dominant force in recent research leading to patented inventions,
yet we are only beginning to understand how such innovation proceeds and how it can be
facilitated. Theimportance of group innovation in creating some of our most important
inventions has been recognized by leading creativity researcher Keith Sawyer, who has noted
that we continue to be mislead by afixation on the mythical lone inventor and to miss the new
importance of team efforts in technical innovation and other types of creative processes:

[M]ost of what we' ve heard about the famous inventions is wrong because it’s based on
the myth of the lone genius. ... Forget the myths about historical inventors; the truth is
aways astory of group genius. And today’s innovations emerge from ever more
complex organizations and many interacting teams.”

A. Functiona Advantages Promoting Group |nnovation

Innovators may see potential advantages in group innovation for a number of reasons.
Group projects may be perceived to be superior to similar innovation efforts by lone inventors
due to advantages of group efforts in such features as inventive speed, capacity, efficiency, or
scope. Group innovation projects may be faster in reaching useful advances simply because
more researchers produce results more quickly. Group innovation may be more effectivein
producing advances because the skills of two or more types of specialists must be combined to
produce certain types of advances. Group innovation may be more efficient because certain
innovation tasks can be completed by specialists or accomplished in quantities that achieve
economies of scale. Group innovations may be more effective in producing better advances with
greater socia utility because multiple parties can see how to shape the advances to accomplish a
broader set of tasks and to accomplish more useful ends. This subsection summarizes these
potential advantages of group innovation that will tend to draw researchers towards collaborative
research efforts.

1. Speed Advantages of Work by Multiple Actors

In its simplest form group innovation involves two persons with similar skills and
knowledge undertaking similar innovation tasks to complete a project quicker than one person
could complete the same project working alone. Thistype of group innovation is about speed —
duplicate efforts are applied to produce earlier results than similar individual efforts. Of course,
these advantages will come at the expense of some coordination costs as the multiple parties
working together expend resources to ensure that they are not wastefully duplicating efforts and
to further ensure that the results of their separate efforts can be combined to produce a useful
inventive whole. At some point, these coordination costs will outweigh the speed advantages of
having more hands and minds at work on an innovation project.

Keith Sawyer, GROUP GENIUS; THE CREATIVE POWER OF COLLABORATION Xiii (2007).



However, speed in producing patentable advances may provide significant advantages in
some highly competitive situations where multiple parties are likely to be working in parallel on
similar advances in the same time frames. In most patent systems around the world, a person
who files for a patent on an invention after the same invention has already been publicly
disclosed by someone else cannot obtain a patent.? An inventor will commonly worry that
someone else is working on the same invention and that this other person will publicly reveal the
invention before the inventor has the chanceto file for a patent. In addition, even if the invention
has not been disclosed, in most patent systems an inventor will be precluded from obtaining a
patent unless sheisthefirst to file for apatent. Even if thereis no other inventor actively
pursuing the same invention, a particular inventor will not know this and may fear that there are
additional efforts underway to produce the same invention. Hence, an inventor may emphasize
speed in completing an invention to overcome real or perceived additional inventors and make a
patent filing before there is any public disclosure of the same invention or a prior patent filing by
another person.

Where a central goa of an innovation project isto gain a patent as a step towards
commercializing the outputs of the innovation project, speed will often be a high priority. Even
aside from its advantages in gaining patents, speed in being the first to discover a new useful
advance and to put related products on the market has important reputational and marketing
advantages. Being thefirst to present new product features in this way tends to impress
consumers that the vendor of the innovative products understands the field well and may, in the
future, tend to produce and sell avariety of distinctive and highly valuable products in that field.
In this respect, innovation development speed and related marketing impacts can create
consumer reputation advantages for the innovator that carry across to produce marketing
advantages concerning a wide variety of products.

2. Task Specidlization Efficiencies Within Groups

Another possible advantage of working in innovation groupsis that one or more persons
within agroup may specializein certain tasks and gain associated labor efficiencies or task
learning. Thistype of gain from group efforts will be possible where a particular task involved
in an innovation project has specialized features or potential economies of scale that make the
task more effectively accomplished by one party undertaking just that task (perhaps over and
over on behalf of several project teams) and then combining the work of thisindividual with that
of other group members. Thistype of work allocation can achieve more efficient results that are
possible for a solo inventor who must accomplish the same tasks amidst awide variety of other

United States patent law is an exception to thisrule. United States law gives an applicant one year after the
public disclosure of the same invention by another to file atimely patent application and to still obtain a
patent. See 35 U.S.C. § 102(b). However, speed is still afactor in the United States system, with the
concern of inventors shifting to the need to make a patent application filing fast enough to file before the
passage of one year after a previous public disclosure of the same invention.



inventive activities with less specialized experience and fewer opportunities to gain advantages
of economies of scale.

For example, in achemical research context, it may be worthwhile to have one member
of aresearch team repeatedly synthesize chemicals with new formulations and analyze the
features of the new compounds as inputs to the further analyses of other team members about
what formulations to pursue next. Allocating the synthesis task to one researcher allows him to
gain specialized knowledge about how to conduct the synthesis process and what to ook for in
the results. Experience with the synthesis process may also build up skills that permit the
specialized party to complete this process more quickly and efficiently than would be possible
for aresearcher who needed to undertake these steps plus severa other analyses for each
alternative formulation of a possible new chemical.

In short, group efforts that include severing arepeated task and allocating it to a
particular team member can produce more effective and cost-efficient innovation than similar
projects undertaken by solo inventors.

3. Expertise and Skill Mixing

In other projects, the advantage of working through ateam is that the team can assemble
different skills and expertise (held by different group members) that are then applied to asingle
inventive project. In thisversion of group innovation, the advantages of team efforts come from
the addition and coordination of the various inputs represented by the skills and knowledge of
the individuals comprising ateam. Some advances in complex fields may only be possible by
combining diverse expertise through group efforts since no one innovator may be able to acquire
and apply the full range of skills and background needed to produce certain types of inventions.
Group innovation processes combining diverse types of expertise and skills can significantly
expand the range of attainable inventions by bringing broader combinations of knowledge and
skillsto bear on innovation projects than could be assembled and applied by any one individual.

There are, however, several limitations on this integrative type of group innovation.
First, the parties pursuing a particular innovative goal must appreciate the types of skillsand
expertise that they will need to complete a project in order to assemble a proper team. Second,
they must find the parties with the requisite expertise and skills and convince them to become
involved in the project. Third, there must be effective ways to coordinate and combine the
efforts of several distinct types of specialists and the group of specialists must adopt these
methods. Fourth, the costs of these sorts of administrative and coordinating efforts must not
overwhelm the benefits of group action. Some group innovation projects requiring combinations
of diverse expertise may not be worth the considerable planning and project execution costs of
assembling and combining the efforts of diverse and numerous experts needed to complete such
projects.

4. Creativity Enhancements Through Group Dynamics




Some group processes produce innovation-enhancing inter-personal dynamics and
supporting work structures that help persons working within the groups to be more effective in
completing tasks than they would be outside the groups. Features of group interactions may
produce inventions with broader applications or greater utility than the advances that the same
individuals could produce working alone. These incremental outputs from group processes
(beyond the results attainable by group members were they acting alone) stem from
psychologica and sociological features of group processes.

a Group Psychology

Researchers studying group dynamics have noted that interpersonal interactions within
groups can enhance the work of group members by creating productive types of intellectual
incentives, challenges, and conflicts between group members. Group dynamics will sometimes
assist individualsin being problem solvers. Members of a group will sometimes put forward
tentative proposals or solutions to creative problems or impasses and defend these to the group.
In some cases, intra-group rivaries will produce multiple proposals of to resolve design
problems or gaps; in other instances, the group will simply test and critique asingle proposal in
an active way, thereby ascertaining its merit in a particularly effective manner. In these types of
circumstances, psychological incentives to gain reputational advantages within a group can
encourage the formulation, advocacy, and testing of inventive suggestions that might not have
been brought forward and incorporated in inventive designs absent the group surroundings of the
inventors' work.

Past evaluations of group processes have noted these potential psychological advantages
of properly conducted group innovation efforts. For example, in their analyses of group
processes dynamics, Shikhar Sarin and Gina Colarelli O’ Connor found that team leaders who
emphasized participative management styles encouraged inclusive involvement of multiple team
membersin group processes. Thisresulted in functionally significant conflict resolution,
improved communication, and enhanced collaboration among team members.? Their findings
suggest that participative interaction between aleader and team members can result in behaviors
that further creativity and innovation progress within groups.

b. Group Sociology

Sociology encompasses processes and structures that define and alter the ways that
parties act and interact in society. Group sociology addresses the processes and structures
governing group activity. These include structures inside groups — such as hierarchical power or

3 Shikhar Sarin & Gina Colarelli O’ Connor, First Among Equals: The Effect of Team Leaders
Characteristics on the Internal Dynamics of Cross-Functional Product Development Teams, 26 J. of
Product Innovation Management 188, 188-205 (2009).



authority structures — that affect how group members relate to each other and how they pursue
the activities and goals of the group.

Several types of group features may aid innovative efforts of creative persons pursuing
patentable advances. For example, status structures within innovation teams may cause persons
with high status (such as professors in academic environments or engineers with the most
extensive experience in similar innovation efforts) to be given deference and automatically
allocated certain decisions and areas of authority without having to convince the rest of the group
members of the merit of this allocation of responsibilities. Where these senior persons are
superior decision makers (or at least as good as the alternative decision makers in the same
teams), this allocation of responsibilities resolves mattersin an efficient way without the need for
the sorts of extensive attention to choices about authority allocations that would otherwise
consume team resources without changing the outcome of team projects.*

Any pre-existing process or hierarchical structure that shapes the expectations of group
members about the legitimacy and quality of decisions by group members may streamline the
work of a creative team in asimilar way and lead to more effective innovation results.® These
processes or structures can be manipulated to produce ongoing support for effective innovation,
establishing a small “society” within and around an innovation team that aids in the production
of patentable advances. Inthisway, social processes and structures can ease individual
interactions within innovative teams, producing more effective group innovation results.

C. Effective Group Management Practices

As recognized by Keith Sawyer, the successful completion of collaborative innovation
projects such as the development of a new, patentable invention through team efforts involves
“manag[ing] a subtle balance of planning, structure, and improvisation.”® The aim of these
management processes is to create an environment that facilitates improvisation and other types
of creative behavior and which captures and tests the useful products of these behaviors. Sawyer
has identified several management practices and team characteristics that promote group
innovation and tend to produce successful collaborative results:

1) Innovation emerges over time;
2) Successful collaborative teams practice deep listening;
3) Team members build on their collaborators’ ideas

4) Only afterwards does the meaning of each idea become clear
5) Surprising questions emerge
6) Innovation isinefficient in that many unused ideas are often generated

See George Caspar Homans, Social Behavior: Its Elementary Forms (1961)

See Cecilia Ridgeway & Joseph Berger, Expectations, Legitimation, and Dominance Behavior in Task
Groups, 51 American Sociological Review 603-617 (1986).

Keith Sawyer, GROUP GENIUS; THE CREATIVE POWER OF COLLABORATION 29 (2007).



7) Innovation emerges from the bottom up’

The aim of management and working practices with these characteristics is to create innovation
processes that achieve atype of group creativity that is comparable to the creativity of an
improvisational theater group. Sawyer describes the common goals of creativity in theater
improvisation and group development of new inventions as follows:

In both an improv group and a successful work team, the members play off one another,
each person’ s contributions providing the spark for the next. Together, the
improvisational team creates a novel emergent product, one that’s more responsive to the
changing environment and better than what anyone could have developed alone.
Improvisational teams are the building blocks of innovative organizations, and
organizations that can successfully build improvisational teams will be more likely to
innovate effectively.®

B. Significant Collaborations Reflected in Patent Records: The Filtering Effects of
Legal Reguirements for Joint Inventions

Legal requirements concerning joint inventions ensure that group innovations reflected in
patent records are only those group advances involving substantial design contributions by two
or more parties. Inventions emerging from groups in which one party was the primary designer
and others served in only aministerial capacity (for example as agents of the primary designer or
as product designers implementing a previously completed invention) are not considered joint
inventions for patent law purposes and will generally not be recorded as having multiple
inventors. Patent law requirements regarding joint inventors effectively filter out from patent
records inventions that emerge from working groups, but which are still the products of one
designer. These requirements ensure that studies like the present one that focus on group
innovations recorded in patent records are dealing with substantia collaborations with
meaningful inputs from two or more parties, rather than just the external forms of group
processes without meaningful integration of partial design contributions.

This subsection describes how patent law standards for the inclusion of joint inventorsin
patents tend to limit patents describing inventor groups (that is, listing two or more inventors) to
instances of meaningful collaborations between multiple parties leading to intellectually
distinctive (and important) patentable advances. These requirements define the outer limits of
the innovation groups and processes examined in the present study.

The requirements for joint invention effectively filter out of patent records those group
innovation projects in which one primary designer produces the ideas for an advance and others
in the group serve only in a supportive or ministeria role. Thisfiltering increases the value of

Id. at 14-17.
Id. at 14.



the present study by focusing the analyses on group inventions in which all group members made
meaningful inventive contributions.

1. General Patent Law Standards for Group Inventions

Aninvention that is the joint product of two or more parties’ thought processesis
described under patent laws asa “joint invention” and the parties who contribute to it are “joint
inventors.”® Two parties are joint inventors of auseful item if each of the two parties contributes
to one or more functionally significant features of the design of the item while working on the
design in asingle, collaborative process. As noted by the Federal Circuit court:

ajoint invention is simply the product of a collaboration between two or more persons
working together to solve the problem addressed. The determination of whether a person
isajoint inventor is fact specific, and no bright-line standard will sufficein every case.*

While the scope and nature of the collaboration between joint inventors may vary from
invention to invention, there are three essential features that are necessary in every joint
invention: 1) an invention, 2) contributions by two or more inventors, and 3) asingle
collaborative invention project linking the multiple inventors.

a Impact of Invention Scope on Joint Invention Analyses

Whether or not parties are joint inventors sometimes depends on the scope of the
invention under discussion. An inventor —whether a sole inventor or one of several joint
inventors -- must play arolein conceiving the design of an invention in order to obtain a patent
on that invention.! The range of persons who contribute to an invention will thus depend, in
part, on the scope of the invention. A broad invention may have severa contributors. A more
narrow invention may be the product of only one party’s creative efforts. Hence, by
understanding the scope of an invention described in a particular patent, it is possible to consider
further who contributed to the conceptualization of that invention and, therefore, who isajoint
inventor concerning the invention.

Aninvention is present when one or more parties create a mental concept or image of a
useful item or process.™® An invention involves "the formation in the mind of the inventor, of a
definite and permanent idea of the complete and operative invention, asit is hereafter to be
applied in practice."*® The conception of an invention must include knowledge of every
functionally necessary feature of the invention. These features correspond to the elements of the

See Don Chisum, Joint and Sole Inventorship in CHISUM ON PATENTS  2.02 (2010).

10 Fina Oil and Chemical Co. v. Ewen, 123 F.3d 1466, 1473 (Fed. Cir. 1997)

n Id. (“Conception is the touchstone to determining inventorship” and ajoint inventor “must contribute in
some significant manner to the conception of the invention™).

12 Sewall v. Walters, 21 F.3d 411, 415, 30 USPQ2d 1356, 1359 (Fed.Cir. 1994).

3 Hybritech Inc. v. Monoclonal Antibodies, Inc., 802 F.2d 1367, 1376, 231 USPQ 81, 87 (Fed.Cir.1986)

(citation omitted).



invention for which patent protection is claimed or, in patent law terminology, the complete set

of elements of the “claimed invention”.**

b. Contribution of a Joint Inventor to an Invention

A joint inventor must make a materia contribution to an invention in order to qualify asa
joint owner of aresulting patent. Since patent claims define the elements of an invention under
United States patent law, ajoint inventor must make a contribution to the features of the
invention as those features are described in the patent claims. A party can qualify as ajoint
inventor by contributing to only one version of an invention claimed in a particular patent.™ This
means that a party can be ajoint inventor (and share in ownership of aresulting patent) even if
the person only contributed to a small portion of the claimed invention or to only one version of
that invention.

The requirement of a creative contribution to the design of a claimed invention precludes
persons from being considered inventors who may have worked diligently on an invention
project, but who did not contribute to the design of the invention. This means that persons
working in aministerial capacity (perhaps as agents of the actual inventors) or working on
perfecting an invention or related commercia products after the design of the original version of
the invention is already complete are not proper joint inventors. This provides the basis for
excluding from joint inventor groups many project contributors working in non-inventive
capacities such as laboratory assistants, resource coordinators or managers, project advisors, and
product designers.

C. Collaborating on a Single Project

Multiple contributions to an invention design by two or more parties must have occurred
as part of asingleinnovation project in order for the contributors to be joint inventors. This
means that the two or more parties must be already collaborating, at least in aloose sense of
having a shared design objective, before they jointly contribute to an invention. According to the
Federal Circuit court,

the alleged joint inventor seeking to be listed on a patent must demonstrate that his labors
were conjoined with the efforts of the named inventors. Joint inventorship ... can only
arise when collaboration or concerted effort occurs -- that is, when the inventors have
some open line of communication during or in temporal proximity to their inventive

efforts. .. .1°
1 Coleman v. Dines, 754 F.2d 353, 359, 224 USPQ 857, 862 (Fed.Cir. 1985).
B Ethicon, 135 F.3d at 1460. (“[A] co-inventor need not make a contribution to every claim of a patent. See

35 U.S.C. § 116. A contribution to one claim is enough.”).
1o Eli Lilly and Co. v. Aradigm Corp., 376 F.3d 1352, 1359 (Fed. Cir. 2004).



This distinguishes joint inventors from parties who work on the same problem sequentially or in
separate projects and whose work is later combined to create a successful invention. Where a
party combines the earlier independent work of others, the person making the combination (and
therefore being the first to compete the entire, successful invention design) will be the inventor,
but the persons whose work was relied upon and who were not working in ajoint project with
the ultimately successful party, will not be joint inventors.

C. Advantages of Studying Group Invention from Patent Records

Patent records offer many advantages in studying group innovation trends. Previous
researchers have summarized afew of the advantages of patent records as data sourcesin
studying innovation:

Each patent contains highly detailed information on the innovation itself, the
technological areato which it belongs, the inventors (e.g. their geographical location), the
assignee, etc. Moreover, patents have very wide coverage (in terms of fields, types of
inventors, etc.), and in the course of the last three decades U. S. patents increasingly
reflect not only inventive activity in the U. S. itself, but also around the world.

There are avery large number of patents, each of which constitutes a highly detailed
observation: the “stock” of patentsis currently in excess of 6 million, and the flow is of
over 150,000 patents per year (as of 1999-2000). Thus the wealth of data potentially
available for research is huge.*’

In more recent years, the number of patents added annually has grown even larger. In 2009
alone, 191,927 new utility patents were granted and another 456,106 new utility patent
applications were filed.*®

There are three key reasons why patent records offer useful information for studying
group invention trends. First, commercia and legal pressures encourage inventors and
companies aiding inventorsin applying for patentsto correctly list inventorsin patent
applications, leading to generally accurate records of inventorsin issued patents. Second, the
inventions described in patents represent particularly important advances that add non-obvious
design insightsto their technological fields. These advances reflect new design contributions
over and above the design knowledge and inventive methods of the bulk of partiesin the same
fields. Third, patent records are now maintained in computer-analyzable formats, providing
enormous databases of easily analyzed information on joint invention that facilitate large scale
studies of group innovation such as the project described here.

v Bronwyn H. Hall, Adam B. Jaffe, and Manuel Trajtenberg, The NBER Patent Citations Data File: Lessons,
Insights, and Methodological Tools, http://el sa.berkel ey.edu/~bhhall/pat/NBERpatdata.pdf (last visited on
9/23/2010)(noting that advantages of using patent data in studying innovation included

18 United States Patent and Trademark Office, U.S. Patent Statistics Chart Calendar Y ears 1963 — 2009,
http://www.uspto.gov/web/offices/ac/ido/oeip/taf/us_stat.htm (last visited on 9/23/2010).



1. Pressures for Accuracy in Patent Listings of Joint Inventors

United States patent laws are unusual anong world patent laws in requiring that an
inventor seeking a patent apply for the patent as an individual rather than through the corporation
or other organization with which the inventor is associated (although ownership of the resulting
patent can be transferred to an organization such as a corporation or university through a patent
assignment either at patent issuance or subsequently). Where inventors are incorrectly stated in
an issued patent, the patent is unenforceable unless the error is corrected.™® An omitted inventor
can be added to produce an accurate inventor list only if the mistake was made without any
“deceptive intent” on the part of the omitted inventor.*® Furthermore, where alist of inventorsis
misstated in an issued patent results due to an intent to mislead the patent office on the part of
any party applying for a patent, the resulting patent may be void due to inequitable conduct of
the applicant.*

Two types of mistakes may be present in lists of inventorsin patents. First, a party may
be listed as an inventor who does not legally qualify as one (over-inclusiveness or
“misjoinder”).?* Second, a party who should be listed as an inventor may be omitted (under-
inclusiveness or “nonjoinder”).?

Incorrect lists of inventors do not invariably void the patents involved, however, United
States patent laws recognize the possibility of innocent mistakes regarding lists of inventors and
provide for several opportunities to correct mistakesin lists of inventors that were innocently
made. Invalidity dueto errorsininventor lists (usually referred to as incorrect statements of
“inventorship”) can be avoided by correcting inventorship at the patent application stage® or
after apatent issues.®® An inventor can be removed from or added to a patent application if the
error was made “without any deceptive intention” on the part of the affected inventor.?® After a
patent issues, an inventor may be removed regardless of the reason for the error. However, an
inventor may be added to an issued patent only if “such error arose without any deceptive
intention on hispart ... "%

a Limitations on Opportunities to Correct

Whileit is possible for innocent errors to be corrected, there are severa reasons why
most inventors and companies will tend not to rely on these corrective procedures and will
instead try to specify patent listings of inventors correctly from the outset. Whether or not an

19 See Sark v. Advanced Magnetics, Inc., 119 F.3d 1551, 1555 (Fed. Cir. 1997).
2 See35U.S.C. §256

z See Sark v. Advanced Magnetics, Inc., 119 F.3d 1551, 1556 (Fed. Cir. 1997).
= g

2 See35U.S.C. § 116.

% See 35 U.S.C. § 256.

% 35U.S.C. § 116.

o 35 U.S.C. § 256.



error in the listing of inventors was an “innocent” mistake will be uncertain until the relevant
correction is sought and the flawed patent is corrected. In the meantime, the patent involved will
exist under a cloud of uncertain validity and, accordingly, have uncertain and diminished value.
The steps needed to correct the patent will need to be successfully concluded before the patent
can be enforced, thereby building unavoidable delays into the process for obtaining formal court
relief in cases of patent infringement. Given these potential problems in obtaining corrections,
even though correction of inventorship may be an option, there are strong reasons for patent
holders to avoid having to invoke this mechanism and to properly state the set of inventors of a
patented invention from the outset of the patent application process.

b. Disadvantages of Unexpected Correction

The availability of a mechanism to correct inventorship and to add a previously omitted
inventor to a patent can raise adifferent type of problem when it isinvoked by a previously
absent co-inventor who thereby unexpectedly takes a shared interest in a valuable patent. Co-
inventors share ownership of a patent, meaning that any one co-inventor can license another
party to make, use, or sell the patented invention. Where multiple parties share this type of
licensing ability, exclusive control over the patent rights can only be achieved by either assigning
the fractional rights of the multiple patent owners to one party (typically a corporation which is
often the common employer of all of the co-inventors and which will exercise sole control over
the patent rights after the full set of assignments) or by an agreement among the multiple owners
of the patent about how the patent rights will be licensed.

Where an additional inventor arises out of the blue because of an unexpected addition of
the individual to thelist of inventors on a patent, this added individual (and the fractional interest
that he or she represents) may not be constrained by an assignment obligation or coordinated
contractual limit on licensing. The only way that the interest of this unexpected inventor can be
brought within the commercialization plans of the other owners of fractional interestsin the same
patent is for the interest of the unexpected inventor to be acquired or otherwise “bought out” by
the other interest holders. This means that the unexpected inventor may be able to demand a
buyout at highly favorable terms and that the other patent holder may face a high, unanticipated
further expense in their commercialization efforts. Thisthreat of unexpected correction of patent
ownership provides a further source of pressure to get the listing of co-inventors of a patented
advance correct in the first instance and to thereby account for al of the factional patent interests
that might disrupt later commercialization plans.

2. Intellectual Significance of Patented Advances

Group inventions recorded in patent records are limited to particularly significant
intellectual discoveries due to the requirements that inventions must meet to qualify for patents.
While not al patented inventions reflect matters of ultimate social significance or commercial
importance, patented advances do tend to reflect important intellectual contributions to their



respective fields of technology because the advances must be intellectual outliersin those fields
in order to qualify for patents. Asoutliers, these advances are particularly important in the
evolution of their fields, having the potential to lead researchers in new directions and to open
new chaptersin research and improvements in the fields affected.

Patented advances tend to be outliersin the evolution of technological knowledge in
various fields primarily because of the requirements that these advances be both novel and non-
obvious relative to prior knowledge in the same field. 1n order to be novel for purposes of patent
law, an advance must be new relative to all publicly available knowledge at the time of the
advance.®® This means that the advance cannot have been previously described in any publicly
available source. In order to be non-obvious, the advance must not just be new, it must be a new
discovery of atype that a person of average skill in the same field, having accessto al of the
publicly available technological knowledge in that field and related fields, would not have been
ableto produce.”® In short, patentable advances are intellectual outliers beyond the scope of
obvious extensions of knowledge in the same field. These advances are typically produced by
parties who are extraordinarily capable or well informed in their technological fields.*

3. Reliability of Patent Records in Innovation Research

Beyond the advantages stemming from the numerousity of patent records and the broad
range of innovations they describe, patent records are also valuable in innovation research
because they provide particularly reliable and consistent information on innovations. Prior
researchers have recognized this type of advantage of using patent records in conducting
research into innovation trends and practices. Scholars working with the National Bureau of
Economic Research (NBER), who have conducted a number of studies based on these records,
noted the following advantages in working with patent records:

= 35 U.S.C. §102(a). Aninvention isconsidered novel (that is new) if, at time of its conception by the

person seeking a patent, the same invention has not already been known or used by othersin this country,
or patented or described in a printed publication in this or aforeign country. Seeid.

» 35U.S.C. §103.
The rare exception to this tendency is an accidental discovery of a non-obvious design, which may
occasionally be stumbled upon by a person of average or lesser skill in hisor her field. Thistype of
accidental advance is still patentable, thereby encouraging persons who accidentally discover unusual
advances to take them seriously and to take steps to publicly disclose the advances through patent
applications. However, these sorts of accidental advances by persons of lesser skill are not the norm and
probably comprise only a small fraction of all the inventions described in issued patents. Most of the
advances in these records are the opposite of accidental discoveriesin that they are products of purposeful
efforts by persons of exceptional skills or knowledge working in a planned way to produce useful
discoveries.

Whether the advances are products of purposeful efforts or accidental discoveries, patented
advances represent substantial leaps over prior technological knowledge in the same fields and are
therefore significant improvements in the evolution of technical knowledge. The inventor groups recorded
in patent records represent the types of collaborative groups producing these significant changesin
technical knowledge.



Patents have been granted in the U. S. continuously since the late 18" century. The
current numbering and reporting system dates to the 1870s, meaning that there are (in
principle) over 100 years of consistently reported data.

In contrast to other types of economic information, the data contained in patents are
supplied entirely on avoluntary basis, and the incentives to do so are plain and clear.
After dl, the whole idea of patentsisthat they constitute a*package deal,” namely, the
grant of temporary monopoly rights in exchange for disclosure.

Patent data include citations to previous patents and to the scientific literature. These
citations open up the possibility of tracing multiple linkages between inventions,
inventors, scientists, firms, locations, etc. In particular, patent citations allow one to study
spillovers, and to create indicators of the "importance” of individual patents, thus
introducing away of capturing the enormous heterogeneity in the “value” of patents.®

Past researchers have also noted some potential limitations of working with patent
records to study innovation. These include the fact that not al inventions are patented because
some inventions do not meet the standards of the patent laws for obtaining a patent and, even
inventions meet these standards, inventor may make strategic choices to keep the inventions
secret (with or without related commercialization of the inventions while kept secret) and to
forego apatent.® Thereis as yet no evidence of the prevalence and nature of inventions
withheld from patenting and, consequently, no means to assess the completeness of patent
records as evidence of all invention characteristics.>* However, commercial pressures to produce
returns on large research investments are likely to have encouraged most inventors of advances
requiring public disclosures for commercialization to seek patent rights as preliminaries to
commercialization efforts. Hence, patent records are likely to be highly complete asto
patentable inventions perceived at the time they were made as being commercially valuable
advances that could be publicly commercialized in a proprietary manner only under the
protection of patent rights.

4. Sources of Patent-Related Data on Group Invention

This study relies on data derived from patents issued from 1976 to 2006. The total
number of innovations covered by these patents is enormous, numbering over 3.2 million
inventions.

Two types of data on these inventions and their inventors were used here. Thefirst was
bibliographic information from United States patents that was used to count the numbers of

Bronwyn H. Hall, Adam B. Jaffe, and Manuel Trajtenberg, The NBER Patent Citations Data File: Lessons,
Insights, and Methodological Tools, at 4, http://elsa.berkeley.edu/~bhhall/pat/NBERpatdata.pdf (last visited
on 9/23/2010) (emphasisin original; footnote omitted).

Seeid.

Id.



inventors for each of more than 3.2 million patents. Second, this information was combined with
data on patent characteristics complied by the National Bureau of Economic Research (NBER).
Both these data sources are described in this subsection.

a Bibliographic Information

Basic bibliographic data on patents issued from 1974 to 2006 was obtained from Patents
BIB: CASSIS DVD records prepared by the USPTO.** The Patents BIB DVDs include
information for utility patents issued since 1969 and patent applications published since March
15, 2001, including information on each inventor, patent issuance or application publication date,
invention title, current USPTO technology category classifications, assignee (if any) at the time
of patent issuance, status (withdrawn, reexamined, extended term, certificate of correction issued
or expired due to nonpayment of maintenance fee), and patent abstracts.*® The primary use of
thisinformation in the present project was in analyzing the listed names of the inventors
associated with particular patents to determine the number of inventors for each patent.*

b. NBER Data

Information on the numbers of inventors associated with each patent was combined with
several additional types of information on each patent from a database maintained by the

i United States Patent and Trademark Office, Products and Services Catalog 30 (2007), available at
http://mww.uspto.gov/products/catal og/catal og7.pdf (last visited 9/23/2010).
® The USPTO describes the Patent BIB DVD contents as follows:

Patents BIB: Selected Bibliographic
Information from U.S. Patent Grant
Publications and Patent Application
Publications 1969 to Present

Bibliographic information for utility patent grants

issued from 1969 to the present and for other types of

patent documents issued from 1977 to the present. In

addition, bibliographic information for patent application

publicationsis provided starting in March 2001. There

are more than 15 searchable fields including title,

abstracts from September 1988 to present, current

classifications, assignee at time of issue, date of issue,

serial number, inventors@ames and full addresses (if not

assigned at time of issue), and status (i.e., withdrawn,

corrected, expired for failure to pay maintenance fees,

reinstated, reexamined or term extended). Provides

image locations on USAPat discs for patents issued

1969 to date and USAApp discs for patent applications

published March 15, 2001, to date.
Id.
This was accomplished by evaluating the punctuation marks used by the USPTO to separate the names of
multiple inventors and then determining the number of inventors from these marks.



National Bureau of Economic Research.®” This dataincludes information on patent application
dates, issue dates, numbers of claims, patent assignee countries, and technology types.® The
data used in the present study was released in 2010 and covers al patents issued from 1976 to
2006. Thisdata updated a prior dataset prepared by NBEA researchers on patents granted
between 1963 and 1999. This datais the product of along standing project studying patent
citation patterns and other aspects of patented inventions.*

A particularly important aspect of the NBEA data was the classification of all patents
within six broad technology categories. The six categories were created by mapping 443
technology categories used by the USPTO to classify the primary technology area of each
patented invention into the NBEA's six technology categories.”® The six technology categories
included the following types of advances. 1) chemical (excluding drugs), 2) computers and
communication, 3) drugs and medical, 4) electrical and electronic, 5) mechanical, and 6) other
technologies.**

. Evaluating Truncation Effects and Limitson the Reliable Patent Data

Changes in group innovation patterns over the period of 1974 to 2006 occurred amidst
broader changes in numbers of patentsissued per year in the same period. This section

3 The present project relied on the pat76_06_ipc file within the NBER dataset. Thisfile contains information

on each patent issued from 1976 to 2006 and is available for downloading from the NBER website. See
National Bureau of Economic Research, Patent Data Project Downloads,

https://sites.googl e.com/site/patentdataproj ect/Home/downl oads (last visited on 9/23/2010).

National Bureau of Economic Research, patn data description,

https://sites.googl e.com/site/patentdataproj ect/Home/downl oads/patn-data-description (last visited on
9/23/2010).

The background and potential uses of the NBER patent data are described in Bronwyn H. Hall, Adam B.
Jaffe, and Manuel Trajtenberg, The NBER Patent Citations Data File: Lessons, Insights, and
Methodological Tools, http://elsa.berkeley.edu/~bhhall/pat/NBERpatdata.pdf (last visited on 9/23/2010).
These six technology categories were defined and used by NBEA researchers for earlier studies of patent
citation patterns. The six categories group together multiple USPTO primary technology classes in each of
the NBEA categories. The USPTO classifies the technology involved in every patent application as part of
processing that application. Each patent is assigned a primary technology class code that reflects the
primary field of the invention covered by the patent. A patent may also be assigned additional technology
class codes if an invention involves advances in multiple fields. These technology categories and codes are
used by the USPTO to aid patent examiners and othersin finding relevant patents when researching
advancesin particular technology fields. Because research tasks and efforts to properly classify patents to
support such research are important to the USPTO, this technology classification system is the object of
considerable efforts and care on the part of USPTO personnel.

The six technology categories used by the NBEA (and relied on in the present study) are
determined directly from the USPTO classes. Information on the mappings of the USPTO technology
classes into the NBER technol ogies categories (including which NBER category includes each of the
USPTO classes) isavailablein NBER, classification_06,
https://sites.googl e.com/site/patentdataproj ect/Home/downl oads/patn-data-
description/classification _06.xIs?attredirects=0& d=1 (last visited 10/26/2010).

The “other technologies’ category contains a very diverse mixture of invention types, with advances
ranging from textiles to toilets. Hence, conclusions based on patent records grouped in this category may
have limited value as the inventions being assessed varied vastly in types and inventive environments. See
id.
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summarizes some of the changes in patent numbers during thisinterval. The analyses here —and
other analyses of changes over timein this study — group patents by their application year. This
treats all inventions covered by applicationsin asingle year as a cohort on the ground that these
inventions were probably discovered at about the sametime. There will typically be only a short
delay between the discovery of a patent-eligible invention and the filing for arelated patent
(assuming that afiling occurs at all). By contrast, because pendency times for patent
applications can vary considerably, analyses treating al patentsissued in a particular year asa
cohort risk grouping inventions that were actually made at very different times and that resulted
in patents in the same year only because of different delays by the USPTO or patent applicantsin
processing the associated patent applications.

The choice to evaluate changes in group innovation based on patents linked by common
application dates raises certain problems with truncation effectsin the data. The data under
study includes information on patents issued through 2006. Some patent applications in 2006
and immediately prior years will still have been pending as of the end of 2006 and will not show
up inthisdata. This means that the patent counts for 2006 and nearby years will have been
artificialy cut off or “truncated” and that data from these years may not be comparable to data
from prior application years where complete records are present. This subsection explainsthis
truncation effect and how it was overcome in the present study.

A. Changes in Patent Numbers

This section examines the substantial changes in volumes of issued patents between 1974
and 2006.* Figure 1 summarizes the changesin numbers of issued patents for applications
submitted between 1974 and 2006, considering only patents issued by the end of 2006. The red
line at the top reflects the total numbers of patents resulting from applications submitted in the
indicated years, while the additiona six lines below show numbers of patents for the six specific
technology categories addressed in this study (the figures for the six categories add up to the
totals represented by the red line). The six technology categories include the following types of
inventions: 1) chemical (excluding drugs), 2) computers and communication, 3) drugs and
medical, 4) electrical and electronic, 5) mechanical, and 6) other advances ** More information

42 In some cases, patent applications filed in the later portions of this period did not result in issued patents by

the end of 2006. In this respect, the records of issued patents considered here provide incomplete
documentation of the results of patent applications submitted in the years just before 2006. Some of these
patent applications were ssimply pending as of the end of 2006 and, therefore, not captured in the records on
issued patents as of the end of 2006 considered in this study. This“truncation” effect suggests that the data
for patent applications filed near 2006 will be suspect and results related to thislast set of data should be
viewed with caution.

These technology classes were derived by NBEA researchers for earlier studies of patent citation patterns.
The six categories group together categories of technologies reflecting multiple USPTO primary
technology categoriesin each of the NBEA categories. The USPTO classifies the technology involved in
every patent application as part of processing that application. Each patent is assigned a primary
technology category that reflects the primary field of the invention covered by the patent. A patent may
also be assigned additional technology category codes if an invention involves advances in multiple fields.
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on patenting trends in each of these six categoriesis presented in Figure 2 and discussed at alater
point in this section.

Figure 1

Patents Issued 1976-2006 by Application Year
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There are at least four trends apparent from the data reflected in Figure 1.

These technology categories and codes are implemented to aid USPTO patent examiners and othersin
researching advances in particular technology fields. Because it isimportant to its own mission and to the
subsequent usefulness of issued patents, this technology classification system is the object of considerable
efforts on the part of the USPTO.

The six technology categories used by the NBEA (and relied on further in the present study) are
derived from the USPTO categories. For afull description of the USPTO technology categories
correspond to the six technology categories (1) chemical, 2) computers and communication, 3) drugs and
medical, 4) electrical and electronic, 5) mechanical, and 6) other advances) coded by the NBEA
researchers, see https.//sites.google.com/site/patentdataproject/Home/downl oads/patn-data-
description/classification 06.xIs?attredirects=0 (last visited 9/23/2010). The USPTO changed its
technology categoriesin 2008. The most recent NBEA analyses (and the data used in the study here) uses
the post-2008 USPT O categories to classify all of the patents from 1976 to 2006. Hence, the six
technology categories used here are consistently coded across al of the years of the present study. See
National Bureau of Economic Research, patn data description,
https://sites.google.com/site/patentdataproj ect/Home/downl oads/patn-data-description (last visited on
9/23/2010).



1. Drop in Patent Numbers for Applications After 2001

First, thereis asignificant fall off in patent numbers starting with patent applications filed
in 2002 and extending through those filed in 2006. Thisis probably a data artifact, resulting
from the truncation effect of considering data only on patents issued through 2006 and therefore
artificially cutting off or “truncating” consideration of patents issued in later years.** Some
patent applications filed in between 2002 and 2006 doubtless produced patents after 2006. These
patents (and the applications that they stem from) are not reflected in the data presented in Figure
1.

The modest drop in issued patents for 2002 suggests that the truncation effects for
applications from that year are small and that most patents resulting from applications submitted
in 2002 are recorded in the data. However, the patent numbers for applications submitted after
2002 are suspect dueto truncation effects. Because the data for applications submitted from
2003 to 2006 are incomplete due to truncation effects, data from these years were excluded from
the remaining studies in this article. These studies focus on the substantial amounts of reliable
datafrom earlier years that was available for patents based on applications filed before 2003.

2. Distinct Periods of Growth in Patent Numbers

Second, the numbers of issued patents seem to reflect three different periods and rates of
growth. Focusing on the numbers of patents for al technologies, there was 1) little growth in
numbers of issued patents for applications submitted between 1974 and 1983, 2) moderate
growth for applications submitted between 1983 and 1993, and 3) much greater growth for
applications filed between 1993 and 2002. Further analyses of these trends are beyond the scope
of the present study. Future analyses might profitably examine whether changesin innovation
types or processes account for these changes in patent or whether the increased numbers of
issued patents stemmed from increased commercia pressures to obtain patents. Sufficeit to say
for the purposes of the present study that the three periods of growth in patent numbers noted
here are not reflected in corresponding changes in group innovation prevalence or mean group
size. Rather, these features of group innovation changed uniformly over the period of the study,
aswill be discussed below.

The falloff inissued patents within the last five years before the data cutoff in 2006 is consistent with a
similar falloff found by NBER researchers in working with data on all patentsissued through 1999. They
prepared asimilar plot to the graph in Figure 1, but using data on only those patents issued through 1999
rather than through 2006. Their data on issued patents by application year shows a clear falloff in patent
numbers during the four years preceding their data cutoff of 1999. See Bronwyn H. Hall, Adam B. Jaffe,
and Manuel Trajtenberg, The NBER Patent Citations Data File: Lessons, Insights, and Methodol ogical
Tooals, at 11, http://elsa.berkel ey.edu/~bhhall/pat/NBERpatdata.pdf (last visited on 9/23/2010).



The expanded view provided in Figure 2 demonstrates that the three periods of growth in
patent numbers mentioned above were present (to differing degrees) in all six of the technology
areas studied here.®®

Figure 2 presents the same data on the six component technol ogies as the lower portion of Figure 1, but
graphs the data on an expanded scale so that the changes in particular technol ogies can be seen more
clearly.



Figure 2

Patents Issued 1976-2006 by Application Year
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Thisfigure shows that numbers of patents resulting from applicationsin 1974 to 1983
were highly stablein all six categories. During the period of 1983 to 1993, all the types of
technologies showed growth in issued patents at about the same rate, as indicated by the similar
upward slopesin this period of al of the technology lines. In thelast period of 1993 to 2001, the
different categories of applications showed different growth patterns, with computers and
communication applications and electrical and e ectronic applications showing much higher
growth rates than before, drug and medical patents showing some increased growth, and
applications in the other three categories growing at about the same rate asin 1983 to 1993.
Clearly, in 1993 to 2001 there were different forces at work encouraging patenting in the
different technology areas, producing different growth patterns.

Looking to both Figure 1 and Figure 2, it is apparent that the large jump in patents related
to applications after 1983 was not the product of changes in one technology area, but rather a
function of substantial growth in each of the six technology categories. This sort of change
belies the notion that one type of patent application (such as applications for business method or
computer software advances) accounted for most of the increased patent office workloads and



numbers of issued patentsin recent years. Rather, patent numbers and associated USPTO review
burdens seem to have increased across al six technology areas under study.

The variationsin the fall off of patent numbers for specific technology categoriesin the
datafor years near 2006 may be worthy of further study. These differencesin fall off seem to
indicate that group innovators' patent applications in some technology areas are delayed more
extensively than in other technology fields. These sorts of USPTO processing delays — and
differences for particular types of technologies -- are beyond the scope of the present study.

3. Changes Due to Increases in Applications

Of course, some of the observed changes in numbers of patents issued based on
applications submitted in different years may be due simply to the filing of more applications.
Figure 3 explores this possibility by plotting both the number of applications submitted in each
year of the study®® and the number of patents resulting from applicationsin each year (again
truncated by the cutoff date of 2006 for the patent data used here).

Data on numbers of patent applications per year were obtained from statistics reported by the USPTO. See
United States Patent and Trademark Office, U.S. Patent Statistics, Calendar Years 1963-2009,
http://www.uspto.gov/web/offices/ac/ido/oeip/taf/us_stat.pdf (last visited 10/26/2010).



Figure 3

Clearly, at least up to about 1994, increases in numbers of issued patents seem to have tracked
increases in the numbers of patent applications submitted.

4. Similaritiesin Patent Allowance Rates

Another reason why the numbers of issued patents may have varied isthat the USPTO
may have allowed patents at different rates in different years. If the number of applicationsin
two years stayed the same, but the rate of patent alowance was higher, the number of issued
patents for that year would be higher as well.

Figure 4 displays the percentage rates of patent issuance implied by the data on patent
applications and issued patents graphed in fi. The percentages in Figure 4 measure the rate of
patent allowance by examinersin the USPTO —that is, the fraction of all patent applications
submitted in a given year that resulted in an issued patent.



Figure 4

While allowance rates vary somewhat over the years of this study, for most years from
1975 to 2002, the allowance percentage did not change much from 60% (with a brief spike
centered on 1996). Because the allowance rate did not vary greatly, it seems unlikely that
variations in allowance rates accounted for the observed differences in numbers of issued
patents.

The considerable drop in alowance rates for years after 2000 probably reflects the
truncation effects already discussed. Patent applications submitted after 2000 show artificially
depressed allowance rates because some of these applications were still pending as of 2006 (the
cutoff for the data consider here) and thus not reflected in allowance percentages.

[11.  Thelncreasing Dominance of Group Innovation

The next phase of this project analyzed the prevalence of group innovation in patented
inventions. By examining the percentages of patented advances produced by group innovation
(that is, by teams of at least two inventors rather than by solo inventors), the impacts of year to
year changes in patent numbers were removed from the analyses. Thistype of analysisis



equivaent to normalizing the data by total application numbers per year (thereby treating each
year asif it had the same number of applications as the next).*’

The universe of inventive projects studied here were projects that produced advances
documented in patent applications filed between 1974 and 2002 and that resulted in issued
patents. By grouping advances by patent application year, al advances made at about the same
time were considered together (because of the pressures encouraging inventors to apply promptly
for patents soon after their inventions). By limiting these analyses to only patent applications
that resulted in issued patents, the study considered only those advances found by patent
examinersin the United States Patent and Trademark Office to have met the requirements for
patenting, including the requirement that the advances have added nonobvious new designs to
the technical arts of the fields of theinventions. By limiting the analysisto patents based on
applications filed by 2002 and issued by 2006, the study ensures that most or all of the
applications resulting in patents for each of the indicated years are considered in the study.®

This section of the article examines the relative prevalence in the production of patented
invention of group and solo innovations. The next section looks at the size of the groups
producing patented advances.

A. Impact of 21984 Change in Legal Standards for Joint Inventorship

A changein the legal standards governing joint inventorship in 1984 may complicate the
analyses of group inventions over the years of the present study. Prior to 1984, inventorship
standards under United States patent law (as developed in case law) provided that a party needed
to contribute to al the invention versions for which protection is claimed in a patent in order to
be ajoint inventor and to share in ownership of the patent.*® In 1984, a statutory amendment
altered this standard, providing instead that team members working jointly on an invention could
al bejoint inventors and share in the ownership of aresulting patent even if the parties did not
“make a contribution to the subject matter of every claim of the patent."

This changein joint inventorship standards dealt with the situation where multiple parties
work together in asingle overall design project, but some of the parties work on only some
versions or embodiments of the design under development. A group might, for example, work
on anew chair design and develop anew design with afifth leg. An additional member of the
design team, who did not contribute to this basic design, might add the further thought that the
fifth leg could be made of high strength steel to produce a particularly strong support. If a patent

Data for patents resulting from patent applications filed after 2002 were not considered due to the
truncation of patent data after that year as previously discussed.

As previously discussed, the study islimited to analyses of patents applied for no later than 2002 because
most of these applications resulted in issued patents by 2006, the last year for which patent data was
available for this study.

See Andrew B. Dzeguze, Avoiding the “Fifth Beatle” Syndrome: Practical Solutionsto Minimizing Joint
Inventorship Exposure, 6 J. Marshall Rev. Intell. Prop. L. 645 (2007).

%0 35 U.S.C. § 116(3) (added to the Patent Act by Pub. L. 97-247, § 6(a), 96 Stat. 320; Nov. 8, 1984).
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were sought and issued for both the basic design version and the second design version involving
afifth leg made of steel, the fact that the one team member only contributed to the design for the
second chair version would not preclude that party from being ajoint inventor and from sharing
in the ownership of the patent as awhole.

Whether or not this change in the law materially changed the number of partiesidentified
asjoint inventors in patent applications depends on the frequency of design projectsin which an
inventor worked on some but not all aspects of a claimed invention before and after the statutory
change. If these sorts of projects were common, then numerous inventive projects that were
identical in nature except for the years in which they were completed might be described in
patent records as having different numbers of inventorsif the inventions were made before and
after 1984.

To be clear on the ways that this change in the law may have affected the present project,
consider the following examples. Before the change in the law in 1984, if one person worked on
all aspects of an invention, but an additional person worked on one element of the invention,
only the person who worked on the entire invention would be a proper inventor and the resulting
patent (assuming that inventorship was accurately stated) would list only thefirst inventor. After
the change in the law, a patent on the same invention should name both inventors. Based on the
analysis of these patent records, the invention would be counted as a solo invention before the
change in the law, but as agroup invention after the change in the law. Furthermore, figures for
mean inventor group size (the focus of the next section of this study) might also be affected by
this statutory change. Before the change, the patent just mentioned would have an inventor
group size of one; after the change, the group size would be two. If a substantial number of
inventor counts were affected by thislegal change, the mean inventor group size might appear to
go up after 1984 even if actual group innovation practices leading to inventions did not change.

If innovators had pursued numerous group innovation projects in which some group
members worked on some but not all versions of a claimed invention, one would expect to see a
jump in both the prevalence of group inventions and the mean size of inventive groups for years
after 1984. Asis discussed more thoroughly below, no such jump was found. Thisindicates that
there were probably few innovation projects with the combination of work responsibilities that
would have produced different reporting of group size merely because of the legal changein
1984. This, inturn, suggests that datain patent records from before and after the change in
inventorship standards in 1984 can be compared without substantial concern over the impact of
this change.

B. Changesin Group Innovation Prevalence Over Time

Figure 6 summarizes the steady growth in the prevalence of group innovation over the
period of the study (as measured by the percentages of patented advances produced by groups of
two or more inventors). Each data point represents the percentage of patented inventions that



were described in patent applications submitted in the indicated year and that were produced by
groups rather than solo inventors. These same figures record the waning roles of solo inventors
in recent years. Asthe percentages of group innovation have gone up, percentages of solo
invention have gone down in tandem. From 1974 to 2002, solo inventors have dropped from the
dominant source of patented inventions (producing about 55% of patented advances stemming
from patent applicationsfiled in 1974) to arelatively small minority source of inventions (about
35% in 2002. Thisdrop in solo invention is even more striking in certain technology area as will
be discussed at alater point.

Figure 6

The linear regression line shown in Figure 6 summarizes the changes in group innovation
prevalence over time. The intercept figure for this equation indicates that the predicted
percentage of group innovation at the start of this study (that isin 1974, which is treated as the
starting or “zero year” in this study) was approximately .4168. From this starting point, the slope
in the regression equation indicates that the percentages of group inventors tended to increase by
.0071 per year. This means that the percentages of group innovation tended to increase about 7
percent in 10 years and about 20 percent over the 28 years between 1974 and 2002.



This simple linear regression equation reflected in Figure 6 (in which the passage of time
isthe only independent variable) did very well in explaining changes in the percentages of group
innovation, accounting for about 89 percent of the variation in the data (as indicated by the R?
figure of .8943).

The data plotted in Figure 6 clearly reflect a constant growth in the prevalence of group
innovation between 1974 and 2002. The data does not show any difference in the growth of
group innovation prevalence before and after the change in joint invention standardsin 1984.
Substantia growth in the prevalence of group innovation was underway before this change.
Growth continued at about the same rate after the change. It appears that the types of inventions
covered by the change — group inventions where one or more persons only contributed to a
portion of a patented advance — were very few in number (about onein 30 inventions),> such
that the number of advances that were solo advances under the old law, but group advances
under the altered standards, were small enough in number so asto not significantly affect the
numbers of group advances.

Alternatively, persons making group advances may just have sought patentsin the same
way as before the legal change, thereby creating similar data on group innovation. Under this
interpretation, the similar growth of group innovation before and after the legal change would
reflect inaccurate reporting of inventorship after the change in legal standards. However, this
last scenario seems unlikely insofar as persons who were entitled to be listed as joint inventors
after the legal change would have had a significant economic interest in being so listed and other
inventors would have had an interest in accurately listing them as well so asto ensure the
validity of the associated patents.

C. Group Innovation in United States and Foreign Corporations and by |ndependent
lnventors

Some analysts have speculated that group innovation is much supported and prevalent
among researchers working in corporations and other organizations than among researchers
working outside these environments. Within corporations, there has been a sense that managers
of foreign companies tend to organize innovative projects in groups more often (and in larger
groups) than their United States counterparts. United States patent records provide a means to
study these possible differences.

ot A linear regression analysis of patents resulting from patent applications submitted between 1974 and 2002

revealed that there was a very small but statistically significant difference in the predicted size of inventive
groups before and after 1984. The analysis estimated that, across all technologies and controlling for the
general rate of group size change over time, there was a small increase of about .035 personsin the mean
size of inventive groups after 1984 relative to the mean size before 1984. This difference of far lessthan a
person (equivalent to one extra person in every 29" inventive project) was statistically significant in that it
is predicted to be different than zero at the .001 probability level, but was so small asto be practically
unimportant and properly ignored.



In the present study, patented advances were categorized as being produced inside or
outside corporate organizations based on whether the resulting patents were already assigned
upon issuance of the patents. Where inventions are produced by corporate employees, the
employee inventors are typically obligated to assign their patents to their corporate employers.>
Where these sorts of assignment arrangements are in place and an assignment is made while a
patent application is pending, the resulting patent will issue with the assignment already noted in
the patent. This means that the corporate employer is the owner of the patent from the beginning
of the patent’s period of enforceability.

While patent applications can be assigned to individuals rather than corporations upon
issuance, most such assignments involve patents transferred to corporations. For example,
among patents issued in 2000, 13.1 percent were unassigned at issuance, 44.6 percent were
assigned to United States non-governmental organizations (primarily corporations as discussed
below), and 40.9 percent were assigned to foreign non-governmental organizations (again,
primarily corporations). Only 1.4 percent were assigned to individuals or other organizations
(such as the federal government).*

Among patents assigned to non-government organizations, most are assigned to
corporations. Only avery small fraction of patents are assigned to other organizations such as
universities. In 2000, for example, 85.5 percent of newly issued patents assigned upon issuance
were assigned to non-governmental organizations. Of these, only two percent were assigned to
university organizations, while the remaining 83.5 percent were assigned to corporations.> For
purposes of this article, the very small fractions of patents initially assigned to individuals and to
university organizations areignored. Initially assigned patents are assumed to be corporate
patents involving inventions emerging from corporate workforces. Several analysesin this
section and later portions of this article compare group innovation processes in corporate settings
(asidentified from patents assigned upon issuance) to similar group processes involving
independent inventors (as identified from patents that were not assigned upon issuance).

Within the patents assigned upon issuance it is possible to separately evaluate innovations
originating from United States and foreign corporations. Thisis possible because NBEA
researchers have identified and coded the locations of the assignees of patentsin the data set used
inthisstudy. Findingsin thisarticle for patents assigned to United States parties (sometimes
referred to here as “US assigned patents” or “US assigned”) reflect the group innovation
practices of United States corporations (regardless of where in the world the related research was
conducted), while the findings related to foreign assigned patents (sometimes referred to here as

Obligations to assign patents in this manner are generally imposed under each employee’ s terms of
employment or under separate patent assignment agreements signed by the employees.

See Richard S. Gruner, Corporate Patents: Optimizing Organizational Responses to Innovation
Opportunities and Invention Discoveries, 10 MARQ. INTELL. PROP. L. REV. 1, 6-7 (2006).

Id. (noting that university-owned patents amounted to only two percent of United States patentsissued in
2000).



“foreign assigned patents” or “foreign assigned”) reflect the group innovation practices of
foreign corporations (again, regardless of where in the world the rel ated research was
conducted). Inasimilar way, patents that are unassigned upon issuance are treated here as
involving innovation outside of corporate settings by unaffiliated innovators (sometimes referred
to here as “independent innovation”).

Figure 7 summarizes the prevalence of group inventions for all United States patents
resulting from applications submitted between 1974 and 2002, as well as the group invention
prevaence for unassigned patents, patents assigned to United States corporations, and patents
assigned to foreign corporations. This figure shows that group invention by foreign companies
was more prevaent than in United States companies at the start of the study period. Thisis
indicated by the higher position in 1974 of the purple line corresponding to patents assigned to
foreign corporations over the green line corresponding to patents assigned to United States
corporations. However, this relationship has changed substantially over time. Due to the much
more rapid growth in the prevalence of group innovation in United States corporations, the
prevaence of group innovation in United States corporations exceeded that of foreign
corporations by 2002. This growth stands in sharp contrast to the law and largely unchanged
levels of group innovation outside of corporate environments as indicated by thered line
describing group innovation levels for unassigned patents.



Figure 7

Figure 7 includes separate linear regression anayses of the prevalence over time of group
innovation in United States corporations, foreign corporations, and independent inventor
environments. The equivalent regression line for group invention from all sourcesisrecorded in
Figure 6.°> The separate regression linesin Figure 7 for advances emerging from United States
and foreign corporations have substantially different intercepts, corresponding to large
differences in estimated group innovation percentages for 1974 (.3902 for United States
corporations and .5782 for foreign corporations). Thisindicates that there were apparently very
different group innovation practices in United States and foreign firmsin the early 1970s. The
differencesin the rates of growth in group innovation are reflected in the differencesin the
estimated slopes of the regression lines for United States and foreign corporations (.0114 per
year for United States corporations and .0034 per year for foreign corporations). Thisindicates
that group innovation became more prevalent in United States corporations at about three times
the rate that such innovation increased in foreign corporations during the period of this study.

The corresponding regression eguation for inventions from all sources (as reported in Figure 6) wasy =
0.0085x + 0.4015, with R?= 0.9822.



In the same period, group innovation for persons working outside of corporate settings
started at low levels (estimated at .1591 or about 16 percent of patented advances by independent
inventorsin 1974) and stayed at low levels with little growth over the years of the study (with
growth estimated at only .0019 or .19 percent per year). Thelower initia levels of group
innovation and lower growth rates for independent innovators compared to corporate-based
innovators suggest that corporations frequently provide innovators with resources or supporting
infrastructures needed to form and operate innovation groups in an effective manner. Persons
working without these resources and supporting infrastructures may rarely be able to form and
operate innovation groups that produce patentabl e advances.

Another possible reason for the observed differences in group innovation levels for
independent and corporate inventors may be that the independent inventors simply pursue
patents on a smaller fraction of their group inventions than their corporate counterparts. While
independent inventors may pursue fewer patent applications than corporate-based inventors due
to resource limitations, there are no apparent reasons why this reduction in patent applications
should correlate with group innovation — that is, no reason that resource limitations of
independent inventors should curtail patent applications related to group innovations more
substantially than patent applications stemming from solo innovation. Absent this type of
correlation, there is no reason why resource limitations of independent inventors should alter the
percentages of group innovation seen in the data under study. If resource limitations equally
curtailed patent applications for group and solo inventions originating from independent
inventors, then the percentages of group innovation measured for independent inventors should
not be affected.

Oneinteresting finding reflected in Figure 7 is that group invention percentages for
independent inventors did not increase substantially during the period of the study, even as
corporate percentages went up considerably. This suggests that independent innovators were not
able to take advantage of the same types of research management practices, group formation
processes, administrative support staffs, and other infrastructure features that corporate
researchers used to establish and operate effective research groups.

D. Group Invention Trends by Technology Type

This subsection considers changes in the prevalence of group innovation across different
technology types. It also examines differences between United States corporate innovators,
foreign corporate innovators, and independent innovators for each of the six technologies
included in this study.

Figure 8 summarizes the group innovation growth patterns for all of the six technology
areas examined in this study. Each technology is reflected in aline graphing the percentage of
group innovation for that technology by patent application year. A seventh lineisincluded for



all technologies (that is, for the full data set) to show how the results for each of the component
technologies differs from the overall results for all technologies.

Figure 8

Figure 8 shows similar group innovation growth for all of the technologies studied, but
from different starting points. Group innovation was aready more prevalent in 1974 in
producing chemical advances, for example, than in producing computer and communication
advances and stayed higher throughout the study period. The various technol ogies showed
similar growth rates (as indicated by the similar upward slopes of the lines for the various
technologies). This suggests that similar forces were promoting additional group innovation in
all of these technology areas with similar effects (in increased percentages of group innovation
each year) in all of the technology areas.

The datain Figure 8 aso confirms the gradual “extinction” of solo inventorsin some
technology areas. Solo inventors account for the remainder of inventors not reflected in Figure
8. Chemical advances, for example, were produced by groups about 75 percent of thetimein
2002, meaning that the remaining 25 percent of inventions in this category were made by solo
inventors. Solo inventors produced larger fractions of advances in other technology categoriesin



2002, but advances by solo inventors were still a minority in every technology categoriesin 2002
(although just barely a minority in the “other technology” category, where group innovation
accounted for 50.4% of inventions in 2002 and solo inventors produced the remaining 49.6 % of
inventions).

What can be taken from the much diminished presence of solo inventorsin thisdatais
that parties working alone as solo inventors (whether inside or outside of organizational research
contexts) have had decreasing effectiveness as sources of patentable advances. Put in positive
terms, working with a group seems increasingly helpful (and perhaps necessary) in successful
innovation across all technology areas.

E. Differencesin Group Invention by Technology Category and Organizational
Context

1. Chemical

Figure 9 summarizes the growth in prevalence of group innovations in the chemical field
(excluding drugs).

Figure 9



This figure indicates that in the chemical field there was a steady increase in the prevalence of
group innovation during the period of this study. The percentage of group innovation started at a
higher level for chemical advances than for all technologies (as indicated by the .5459 intercept
point for year 1974 in this figure versus the .4016 intercept for all technologies recorded in
Figure 6). However, the rate of increase in the percentage of chemical innovations produced by
groups was about the same as the average for all technologies (as indicated by the regression line
slope of .0083 in this figure versus the slope of .0085 for all technologies recorded in Figure 6).

Figure 10

Figure 10 shows that the trends in increased group invention prevalence for chemical
advances were substantially different for inventors working for United States corporations, for
foreign corporations, and as independent inventors outside corporations. Separate lines are
plotted in Figure 10 for group inventions produced by United States corporations (green line),
foreign corporations (purple line), independent inventors (red line), and all types of inventors
(blueline).

The regression lines plotted in Figure 10 indicate how different the changes in group
innovation in the chemical field have been for United States corporations, foreign corporations,



and non-corporate innovators. Group innovation in foreign corporations producing chemical
advances was at high levels at the beginning of the study and throughout the study period (as
evidenced by the high regression line intercept figure of .7451 indicating a high initial level in
1974 and the relatively low slope figure of .0027 indicating little change in the high level
through the period of the study). Group innovation prevalence for persons working outside
corporations remained low throughout the period of the study (as evidenced by the low
regression line intercept figure of .2468 for independent inventors and the low slope figure of
.0019). The main changes werein group prevalence for inventors within United States
corporations. The levels started much lower than for inventors in foreign corporations (with an
intercept figure of only .4616 for United States corporations), but showed a much higher growth
rate than for inventors in foreign corporations (with aslope figure of .0117). This meansthat the
growth rate in the prevalence of group innovation for chemical advances was almost four times
higher in United States corporations than in their foreign counterparts. While at the beginning of
the study period in 1974 there were substantial differences between United States and foreign
corporations in how frequently they used group innovation to develop chemical advances, these
differences were largely erased by the end of the study period in 2002.

2. Computers and Communications

The pattern of growth in group innovation shown for chemical advancesin Figure 9
contrasts with the growth pattern for computer and communication advances shown in Figure 11.



Figure 11

This figure shows that there was lower growth in the prevalence of group innovation in the
computer and communication field than for technologies in general during the period of this
study. The percentage of group innovation for computer and communication advances started at
about the same level as the average for all technologies (as indicated by the .4500 intercept point
for year 1974 in this figure versus the .4016 intercept for al technologies as recorded in Figure
6). However, the rate of increase was lower than the average for al technologies (as indicated
by the slope figure of .0073 in this figure versus the slope of .0085 for all technologies as
recorded in Figure 6).

Figure 12 shows the breakdown of the group innovation data for computer and
communication advances by independent inventors and by United States and foreign
corporations.



Figure 12

Aswith the case for chemical innovations, foreign corporations produced group
innovations more frequently than United States corporations at the beginning of the study, but
the growth of group innovation was faster in United States corporations resulting in equal group
innovation levels midway through the study period. By the end of that period. United States
corporations relied on group innovation more frequently than foreign corporation in producing
patented advances.

The slopes and intercepts of the regression lines in figure 12 support this interpretation.
Group innovation projects concerning computer and communications advances produced alarge
fraction of patented advances in these fields emerging from foreign corporationsin 1974 (as
evidenced by the relatively high regression line intercept of .5641 estimated for 1974). This
fraction grew at a modest rate throughout the study period (as evidenced by the relatively low but
positive regression line slope of .0019). Non-corporate group innovation concerning computer
and communications advances started at a much lower percentage at the beginning of the study,
but grew at a moderate rate (as evidenced by the low regression line intercept figure of .2105 and
the moderate slope figure of .0035 for this type of innovation). The main changes were again
within United States corporations. Group innovation levels for United States corporations



started at alower percentage than for foreign corporations (with an intercept figure of only .4158
for United States corporations), but showed a higher growth rate than for foreign corporations
(with aslope figure of .0104). This means that the growth rate for group innovation involving
computer and communications advances was over five times higher in United States corporations
than in their foreign counterparts.

3. Drugs and Medical

Figure 13 summarizes the growth in prevalence of group innovation regarding drugs and
other medical advances.

Figure 11

Thisfigure indicates that in the drugs and medical field there was a steady increase in the
prevalence of group innovation during the period of this study. The percentage of group
innovation for drugs and medical advances started at a higher level than the average for all
technologies (asindicated by the .5032 intercept point for year 1974 in this figure versus the
4016 intercept for all technologies as recorded in Figure 6). The rate of increase was amost
identical to the average for al technologies (as indicated by the slope figure of .0084 in this
figure versus the slope of .0085 for all technologies as recorded in Figure 6).



Figure 14 summarizes trends in the prevalence of group innovation in the drugs and
medical field by inventors working in United States and foreign corporations and by independent
inventors. The pattern hereis similar to that for chemical advances, with adissimilar starting
point for inventorsin United States and foreign corporations, but with a substantial increasein
the percentage of group innovations in United States corporations over the years of this study.

Figure 14

The regression lines for drug and medical advances in Figure 14 summarize these
changes. Theintercept figures for United States and foreign corporations are very different
(.4821 for United States corporations and .7494 for foreign corporations), reflecting very
different starting pointsin 1974 for group innovations originating in these two types of inventor
communities. The different rates of growth in group innovation percentages are seen in the
differing slope figures (.0114 for United States corporations and .0018 for foreign corporations).
The percentage of group innovation by non-corporate inventors started at a much lower level
(intercept of .1994) than for innovations from corporations and grew at alow rate (slope of
.0035).



These figures for drug and medical advances are similar in many ways to those for
chemical advances (with dissimilar starting points for United States and foreign corporations,
followed by greater growth in group innovation in United States corporations). This may stem
from the basis of many drug and medical advancesin new chemica insights. Given this,
methods for producing advances in the chemical technology and drugs and medical technology
categories may share a great deal of research challenges and common tendencies to adopt new
group methods to achieve greater experimental success.

There is one key difference in the group innovation growth patterns in these two
technology areas, however. The starting point (as represented by the intercept figures for these
two types of technologies) is substantially higher for drug and medical advances (with estimated
group innovation percentagesin 1974 of .4158 and .5641 for United States and foreign
corporations producing chemical advances, compared to the greater percentages of .4821 and
7494 for United States and foreign corporations producing drug and medical advances). This
means that the entire pattern of group innovation for drug and medical advances starts at a higher
prevalence of group innovation than for chemical advances and stays at a higher level throughout
the period of the study and across both United States and foreign corporation settings.

4. Electrical and Electronic

Figure 15 reflects data on the prevalence of group innovation leading to electrical and
electronic inventions.



Figure 15

Thisfigure indicates that in the electrical and electronic field there was a steady increase in the
prevalence of group innovation during the period of this study. The percentage of group
innovation for computer and communication advances started at about the same level asthe
average for all technologies (as indicated by the .4035 intercept point for year 1974 in this figure
versus the .4016 intercept for al technologies as recorded in Figure 6). The rate of increase was
also approximately equal to the rate for all technologies (as indicated by the slope figure of .0085
in this figure versus the slope of .0085 for al technologies as indicated in Figure 6).

Figure 16 separates out the group innovation data on electrical and electronics inventions
from United States and foreign corporations, as well as presenting the comparable data for
Independent inventors.



Figure 16

The growth patterns for group innovation in United States and foreign corporations once
again diverge. The percentage of group invention for inventorsin these different types of firms
started at different levels (.367 for United States corporations and .5355 for foreign
corporations). The prevalence of groups working on electrical and electronic advances increased
at agreater rate than that in foreign corporations (as reflected in the slope figure of .0113 for
United States corporations versus .0039 for foreign corporations), but this difference in growth
rates was smaller than for other technologies. Thelevel of group innovation for independent
inventors producing electrical and el ectronic advances was low at the beginning of the period of
the study (as reflected in the regression line intercept of .2042) and experienced little growth
during this period (as reflected in the regression line slope of only .0011).

5. M echanical

Figure 17 summarizes the growth of group advancesin the field of mechanical
inventions.

Figure 17



Thisfigure indicates that there was a steady increase in the prevalence of group innovation in the
mechanical design field during the period of this study. The percentage of group innovation for
mechanical advances started at alower level than the average for all technologies (as indicated
by the .3355 intercept point for year 1974 in this figure versus the .4016 intercept for all
technologies as recorded in Figure 6). The rate of increase was about the same as the average for
all technologies (as indicated by the slope figure of .0082 in this figure versus the slope of .0085
for all technologies as recorded in Figure 6).

Figure 18 describes the differences in the trends of group innovation in the mechanical
design field for inventors working in United States and foreign corporations, as well as for
inventors working outside such corporations.



Figure 18

The growth in thisfield was in some ways similar to that for chemical advances, with the
prevalence of group invention starting at dissimilar points for United States and foreign
corporations, but ending up close together in 2002 due to the much higher growth rate for United
States corporations. The dissimilar starting point in the mechanical field for United States and
foreign corporationsis indicated by their regression line interceptsin Figure 18 (.3303 for United
States corporations and .4799 for foreign corporations). The differencesin growth rates are
reflected in the different slopes of the lines for these different groups (.0112 for United States
corporations and .0056 for foreign corporations). Thisindicates that the growth in group
invention prevalence was about twice as fast per year for United States corporations working on
mechanical advances as for foreign corporations.

The similarity of the patterns of growth in the mechanical and chemical fieldsis
surprising given the very different technologies at stake in these fields and the very different
research contexts in which advances in these areas are pursued. Some inventive stepsin these
fields may reflect similar research challenges such that group research in both fields was
similarly facilitated by improvementsin group research management techniques or increases in
group research support (such as enhanced computer resources or the availability of the Internet).



The similar patterns noted here indicate that the new group practices or capabilities did not
impact innovation equally in United States and foreign corporations, but rather were much more
effective in producing increases in group innovation in United States corporations than in foreign
corporations.

One additional difference in the group invention growth patterns found for mechanical
and chemical inventionsis that the percentages of group innovation are consistently greater for
chemical inventions across the years studied than for their mechanical counterparts. This
indicates that group innovation was more important in the chemical field at the outset of the
study and stayed more important over the years of the study, even as the group prevalencein
both fields increased at similar rates.

6. Other Technology Advances

Figure 19 describes the growth in group invention levels for advances in the other
technology category.

Figure 19



Thisfigure indicates that in the other technology category there was a steady increase in the
prevalence of group innovation during the period of this study. The percentage of group
innovation for the other technology advances started at alevel well below the average for al
technologies (asindicated by the .2877 intercept for year 1974 in this figure versus the .4016
intercept for all technologies as recorded in Figure 6). The rate of increase was aso lower than
the average for all technologies (as indicated by the slope figure of .0072 in this figure versus the
slope of .0085 for all technologies as recorded in Figure 6).

Figure 20 displays the divergence in the trends for group innovation in the other
technology category for United States and foreign corporations.



Figure 20

The mixed technologies falling in the other category reflected different group innovation patterns
for United States and foreign corporations. Inventorsin United States corporations were less
likely to be working in groups than their foreign counterparts at the start of the study (as
reflected in intercepts of .3334 for United States corporations and .4423 for foreign

corporations), but were about equally likely to be working in groups as of 2002 due to greater
growth in group invention prevalence in United States corporations (as reflected in a slope of
.0107 for United States corporations and a slope of .0063 for foreign corporations). The latter
figuresindicate that, for innovationsin the other category, the yearly growth rate for the
prevalence of group inventionsin United States corporations was just under twice the increase
rate for foreign corporations.

F. Similarities in United States Companies of Group |nnovation Growth Across All
Technologies

One striking result of separately analyzing the group innovation prevalence and growth
rates for the six technology categories addressed in the last subsection is that group innovation



prevalence in United States corporations has grown at remarkably similar rates across all
technology categories.

Figure 21 displays the entire set of innovation percentages for advances emerging from
United States corporations. The similar upward slopes of these lines reflects the similar growth
rate for group innovation prevalence in all these technology categories.

Figure 21

The following table contains the growth rates per year found for the six technology
categories (corresponding to the regression line slopes shown in the figures in the prior
subsection), with separate figures for innovations in United States and foreign corporations:



Tablel

Technology Category

Group Invention Growth
United States Corporations

Group Invention Growth
Foreign Corporations

Chemical

Computers and Communications

Drugs & Medica

Electrical & Electronic

Mechanical

Other

This same datais displayed graphicaly in Figure 22:

Figure 22




The similarity of the growth rates for United States corporations across all of these types
of technologiesisremarkable. It suggeststhat group innovation is being facilitated to a similar
degree (or is being increasingly employed or reported to asimilar degree) in al these technology
areas. The resources or innovation practices producing this uniformity of group innovation
growth in diverse technology areas deserve further study.

The high percentages of group innovation and group innovation growth in al technology
areas in recent years highlight the importance of understanding and improving means for group
effortsin al technological areas. Successful group processes now appear to be important in all
technology areas and to be growing more and more important in al technology areas.

To the extent that there are lingering differences in group innovation patterns for
particular technology areas, the fields in which the biggest changes are occurring are somewhat
surprising. Researchers working on computer and communication advances -- who might be
expected to be most attuned to the capabilities of computer and communication resources and to
have used recent advances in these fields most effectively to promote increased group innovation
-- have been among the | east likely to adopt new group invention practices (as evidenced by this
technology area having the lowest rate of growth in group innovation prevalence as shown in
Table 1 and Figure 22).



By contrast, mechanical inventions, which might seem to be simpler in some ways than
other types of innovations and often within the capabilities of solo inventors, in fact exhibited
large increases in group innovation and had one of the largest rates of growth in group
innovation prevalence. The merits of group innovation in thisfield have apparently been as
strongly apparent asin other fields, leading to more and more innovators working in groups as
they attack mechanical design problems and produce patent-eligible advancesin this field.

For foreign corporations, the pattern of group invention growth rates is much more
mixed. In general, the rates of group innovation increases are much lower for foreign
corporations than for United States inventors, reflecting some apparent differencesin the forces
influencing change in innovative practices or environments in these two settings. In part, this
difference reflects the fact that foreign corporations exhibited a higher percentage of group
innovation at the outset of this study. Given these already elevated starting points, the low
change rates seen for foreign corporations still produced high percentages of group innovation in
most technology areas by the end of the study period in 2002.

Since the mix of foreign corporations reflected in the foreign corporation category is
somewhat different across the technology categories (since the inventive communitiesin
particular countries may be strong in some of these technologies but not in others), the growth
rate figures for foreign corporations may be somewhat incomparable across the technology
categories. However, the rates for al foreign corporations are lower for every technology
category than their United States counterparts. This suggests that foreign inventive communities
in every jurisdiction may wish to give greater emphasis to means for working in inventive teams
to emulate the success of United States corporationsin producing rapidly increasing percentages
of patent-eligible advances through mostly group endeavors.

G. Loqistic Regression Results for Likelihood of Group Innovation

1. Variables Included

To estimate the impact of technology differences on the likelihood of group innovation
(that is, the likelihood of producing an innovation with agroup of at least 2 inventors rather than
through the efforts of a solo inventor), severa logistic regression analyses of group invention
patters were completed as part of the present study. The variables included in these logistic
regression studies were as follows:

Dependant Variable

groupin = dichotomous variable equal to “1” if a patented invention was produced by a
group of two or more inventors and “0” if it was produced by a solo inventor.

Independent Variables




catl =

cat2 =

cat3 =

cat4 =

catd =

cat6 =

catl_yr

cat2_yr

cat3 yr

catd_yr

catS yr

cat6_yr

dichotomous variable equal to “1” if a patented invention involved a chemical
advance (excluding drugs) and “0” otherwise

dichotomous variable equal to “1” if a patented invention involved a computer or
communication advance and “0” otherwise

dichotomous variable equal to “1” if a patented invention involved a drug or
medical advance and “0” otherwise

dichotomous variable equal to “1” if a patented invention involved an electronic
or electrical advance and “0” otherwise

dichotomous variable equal to “1” if a patented invention involved a mechanical
advance and “0” otherwise

dichotomous variable equal to “1” if a patented invention involved an advance in
the other technology category and “0” otherwise

variable measuring interaction between chemical technology category and year of
application (reflecting distinctive change in group invention likelihood over time
for that category) , equal to catl * appyearO

variable measuring interaction between computer or communication technology
category and year of application (reflecting distinctive change in group invention
likelihood over time for that category), equal to cat2 * appyearO

variable measuring interaction between drug or medical technology category and
year of application (reflecting distinctive change in group invention likelihood
over time for that category), equal to cat3 * appyearO

variable measuring interaction between electronic or electrical technology
category and year of application (reflecting distinctive change in group invention
likelihood over time for that category), equal to cat4 * appyearO

variable measuring interaction between mechanical technology category and year
of application (reflecting distinctive change in group invention likelihood over
time for that category), , equal to cat5 * appyearO

variable measuring interaction between other technology category and year of
application (reflecting distinctive change in group invention likelihood over time
for that category), equal to cat4 * appyearO

Control Variables (in Analyses as | ndependent V ariables)




appyear0 =

nclams0 =

ForAssign =

NotAssign =

zero-adjusted year of patent application, with 1974 arbitrarily defined asthe 0
year (meaning, for example, that 1980 is coded as appyear0 = 6)

zero-adjusted number of claimsin patent (providing a rough measure of invention
complexity), equal to number of claims adjusted downward by 1 (such that the
actual minimum number of one claim is defined as the origin and coded as
nclams0 = 0)

dichotomous variable equal to “1” if the patent for the invention was assigned to a
foreign party, otherwise equal to “0”

dichotomous variable equal to “1” if patent was not assigned at issuance
(indicating that the associated invention was probably produced outside of
corporate and university organizations where such assignments are almost always
present), otherwise equal to “0”

Because the NotAssign variable (reflecting whether or not a patent was assigned to a
corporation upon issuance) was a key control variable, patent records without assignment codes
were excluded from these logistic regression studies and from the linear regression studies of
inventor group size described at alater point in this article. The breakdown of included and
excluded datawas as follows (a NotAssign code of -1 indicates missing data and an excluded
patent record; NotAssign = 0 means that the patent was assigned at issuance, indicating that it
probably stemmed from corporate research; NotAssign = 1 means that the patent was not
assigned at issuance, indicating that it probably stemmed from the work of one or more
independent researchers working outside corporations):

Table 2
NotAssign | Frequency | Percent | Valid Percent | Cumulative Percent
-1 148619 4.9 49 49
0 2466814 80.6 80.6 85.5
1 443720 14.5 14.5 100
Total 3059153 100 100
2. Logistic Regression Models

Three different analytic models were used in the logistic regression analyses to estimate
the probability that an invention would be undertaken through group efforts (that is, by two or
more inventors) rather than by an individua acting as a solo inventor.



Thefirst logistic regression model used appyear0 as a single explanatory variable.
Appyear0 reflects the passage of timein years from 1974, which is treated as appyear0 = 0. The
analysis based on this model estimated the overall change in the likelihood of group innovation
with time.

The second logistic regression model considered the possibility of differencesin group
innovation probabilities across the six technology categories examined in this study. Differences
in the likelihood of group innovation for the six categories were determined by adding six
dichotomous variables (each with names beginning with the letters “cat”) to the model to identify
the technology present in each patented advance. The regression coefficients for these variables
estimate the likelihood of group innovation relative to innovations in the mechanical technology
category (which was taken as a base or reference technology). The likelihood of group
innovation in the mechanical category (asindicated by the odds ratio for this category) is 1.0,
and the odds of group innovation in the other categories are above or below this number because
group innovation was either more or less likely in those categories than for mechanical
technology innovations. The analyses based on model 2 assume that the likelihood of group
innovation changed over time at about the same ratein all of the technology categories under
study (this change is modeled based on asingle time variable in model 2, which is appyear0).

The third logistic regression model recognized takes a more complex and complete
approach to modeling changes in group innovation prevalence changes over time. In this model,
the rates of change over time in group innovation probabilities are presumed to vary by
technology type. Thisthird model explores the possibility of interactions between technology
categories and time passage by calculating category-specific rates for changes in group
innovation prevalence over time. Logistic regression analyses based on this third model
estimated separate change rates for each of the six technology categories under study, permitting
these separate estimates to be compared to each other and to the average change rate for all
technol ogies estimated in the first and second sets of analyses.

3. Hypotheses Tested

a Differences by Technology Categories

Because they involve different scientific contexts, technological problem solving,
research environments, and resource support needs, the different types of technologies studied in
this project were expected to have distinctly different group innovation characteristics. These
differences by technology type were expected to be manifested in both differences in group
innovation prevalence at the outset of the study and in differences in the changesin group
innovation in response to research and resource changes over the 28 years covered by the study.
Stating these two hypotheses formally, the hypothesis tested (H;) and the null hypothesis (Ho)
are:

Initial Group Innovation Prevalence:




Hy:  Significant Differences Between Prevalence of Group Invention in Different Technology
Categoriesin 1974

Ho:  No Significant Differences Between Prevalence of Group Invention in Different
Technology Categoriesin 1974

Changes in Group Innovation Prevalence:

Hy:  Significant Differences Between Changes in Prevalence of Group Invention in Different
Technology Categories Over the Y ears 1974-2002

Ho:  No Significant Differences Between Changes in Prevalence of Group Inventionin
Different Technology Categories Over the Y ears 1974-2002

b. Impacts of Invention Complexity

Advances that were more complex (as measured roughly from the number of patent
claims used to describe the inventions) were expected to be aided by the efforts of additional
researchers and to therefore be produced more frequently by innovation teams than by solo
inventors. This corresponds to the following hypotheses:

Hy:  Significant Positive Relationship Between Number of Patent Claims and Likelihood of
Production of Invention Through Group Innovation

Ho:  No Significant Relationship Between Number of Patent Claims and Likelihood of
Production of Invention Through Group Innovation

C. Advances by Independent Inventors

Advances that were produced by independent inventors working outside of corporate
environments and support were expected to lack the opportunities for team formation and
support for team efforts available to equivalent researchers working inside corporations. Hence,
advances produced by independent inventors were expected to be less likely to be produced by
inventor groups (and more likely to be produced by solo inventors) than equivalent inventions
produced inside corporations. This corresponds to the following hypotheses:

Hy:  Significant Negative Relationship Between Production of Invention by Independent
Inventor and Likelihood of Production of Invention Through Group Innovation

Ho:  No Significant Relationship Between Production of Invention by Independent Inventor
and Likelihood of Production of Invention Through Group Innovation

d. Foreign Versus Domestic Corporate Source

Because they faced similar technical challenges regardless of where they (and their
researchers) were located and because they were subject to similar worldwide pressures and



incentives encouraging the production of new technical advances, it was expected that United
States and foreign corporations would seek to use group innovation techniques similarly and that,
therefore, there would be little difference in the prevalence of group innovation in the advances
produced by United States and foreign corporations. This corresponded to the following
hypotheses:

Hi:  Significant Differencein the Likelihood of Production of Invention Through Group
Innovation for Inventionsin United States and Foreign Corporations

Ho:  No Significant Difference in the Likelihood of Production of Invention Through Group
Innovation for Inventionsin United States and Foreign Corporations

4. Logistic Regression Results

The results of the logistic regression analyses the production of patented advances
through group innovation are summarized in Table 3.



Table3

Model 1 Model 2 Model 3
Variable | Coefficient | Odds Ratio | Coefficient | Odds Ratio | Coefficient | Odds Ratio
catl 0.760 2.139 0.652 1.920
cat2 0.171 1.187 0.330 1.391
cat3 0.755 2127 0.728 2071
cat4 0.137 1.146 0.165 1.179
catS 0.000 1.000 0.000 1.000
cat6 -0.064 0.938 -0.067 0.935
catl yr 0.035 1.036
cat2_yr 0.020 1.020
cat3_yr 0.029 1.030
catd_yr 0.026 1.026
catS yr 0.028 1.028
cat6_yr 0.028 1.028
appyear0 0.027 1.027 0.028 1.028
nclaims0 0.010 1.010 0.009 1.009 0.009 1.009
ForAssign 0.213 1.237 0.249 1.282 0.249 1.282
NotAssign | -1.770 0.170 -1.666 0.189 -1.668 0.189

All of the reported coefficients were statistically significant at the .001 level.

Table 3 includes both the coefficients produced in the anal yses and odds ratios computed
from these coefficients. The odds rations are more useful as these can be used to directly
interpret the results. The odds ratios are multipliers indicating how much more likely group
invention ison average if each of the indicated variablesis equal to 1 (in the case of dichotomous

variables) or isincreased by an increment of 1 (in the case of continuous variables).




The odds ratios describe the incremental probability of group innovationsrelative to a
base type of innovation that serves as areference point. Here, the reference project was
arbitrarily chosen to be a simple form of innovation project in the mechanical technology
category. The project used as a base state or reference point was a project developing an
invention in the mechanical arts with minimal complexity corresponding to only one patent
claim, pursued by personnel in a United States corporation, and leading to a patent application in
1974.%® The various coefficients and odds rations in Table 3 are computed relative to this base
state.

The first of the analyses described in Table 3 (based on model 1) was able to successfully
predict 90.8 percent of the observed instances of group invention seen in the data, but only 33.9
percent of the instances of inventions by solo inventors. The second of these analyses (based on
model 2) was able to successfully predict 85.7 percent of the observed instances of group
invention seen in the data, but only 41.9 percent of the instances of inventions by solo inventors.
Thethird of the analyses (based on model 3) was able to predict 86.2 percent of the observed
instances of group invention seen in the data, but only 41.2 percent of the instances of inventions
by solo inventors. The lower predictive rates for inventions by solo inventors may reflect the
greater diversity of invention circumstances or invention types associated with solo inventors,
leading to greater difficulty in predicting from the circumstances or nature of inventions that the
invention was likely to have been produced by solo inventors rather than by groups of
innovators.

a Differences by Technoloqgy Categories

Initial Group Innovation Prevalence

The resultsin Table 3 for models 2 and 3 show substantial initial differencesin the
levels of group innovation across the different technology categories studied. These initial
likelihoods of group innovation in the various technology categories are reflected in the odds
rations for the variables beginning with “cat” (with the odds ratios all calcul ated relative to the
likelihood of group innovation in the mechanical technology field). These odds rations indicate
that inventionsin the chemical category and the drugs and medical category were much more
likely to be made by groupsin 1974 than inventions in the mechanical category, al other
features being equal. Advancesin the chemica and drugs and medical fields were about twice
as likely to be made through group innovation as advances in the mechanical field. Advancesin
the computer and communications and electrical and electronic fields were a bit more likely than
those in the mechanical field to be made by groups, while advances in the other technology
category were a bit less likely than those in the mechanical field to be made by groups.

An invention resulting from such a project would have cat5 = 1 and all the other category variables equal to
0. It would aso be coded with the following: appyear0=0; nclaims0=0; ForAssign=0; NotAssign=0).



Hence, it is clear that the expected significant differencesin group innovation prevalence
across the different technology categories are supported by these findings and that the null
hypothesis of no difference can be rejected.

Changes in Group Innovation Prevalence

Looking at the differences in group innovation probabilities over time, the odds ratio for
the rate of increase across al technologies (that is, the odds ratio for the appyearO variablein
models 1 and 2) indicates that an invention was 2.8 percent more likely to have been produced
by group innovation for every year after 1974 (as measured from its patent application year).

While small of themselves, these yearly differences accumulate over time. This means
that they amount to more substantial overall probability differences over the full 28 year period
of the study (from 1974 to 2002). For example, the 2.8 percent yearly change in the probability
of group innovation for all technologies amountsto a 78.4 percent change in the likelihood of
group innovation over the 28 years examined in this study.

The further breakdown in model 3 of yearly changes in group innovation probabilities
indicates that the yearly changes for most technology categories were about the same as the
average changes for al technologies. The yearly growth rate for chemical advances was higher
than average (approximately 3.6 percent per year versus 2.8 percent for all technologies), while
the rate for computer and communi cations advances was below average (approximately 2.0
percent per year).

Hence, the expected differences in changes in group innovation prevalence across the
different technology categories are supported by these findings and the null hypothesis of no
difference in these changes can be rejected.

When aggregated to consider the full extent of the category-to-category differences over
the 28 years of the study, these differences indicate some substantial disparitiesin the growth of
group innovation prevalence in these different technology areas. For example, the yearly
difference in the odds rations for chemical advances and computer and communication advances
(3.6 percent — 2.0 percent = 1.6 percent) adds up to a 44.8 percent greater increase in the
likelihood of group innovation in chemical advances over the increase in the similar likelihood of
group innovation in computer and communication advances.

b. Impacts of Invention Complexity

Controlling for technology type and changes over time, the complexity of inventions (as
reflected in numbers of patent claims) seems to have only modestly affected the likelihood of
group innovation. Patent claim numbers did have a statistically significant and positive impact
on the likelihood of group innovation and therefore the null hypothesis of no impact of invention
complexity on group innovation probability can be rejected.



Invention complexity seems only to have asmall effect on group innovation likelihood,
however. The odds ratio for the increased probability of group innovation for each additional
claim in a patent was 1.009, meaning that the added complexity corresponding to each additional
claim only made it .9% more likely that an advance would be produced by agroup. This
provides some evidence that group innovation is not being driven primarily by the need of
innovators to combine multiple types of expertise in particularly complex projects or by the need
for numerous parties to complete highly demanding work on complex projects.

If innovators needed access to diverse expertise or the assistance of multiple partiesto be
effective in producing complex inventions, then one would expect a substantial increase in the
prevalence of group innovation as the number of patent claims (as a proxy for invention
complexity) increased. No such substantial increase in group preva ence for more complex
innovations (as measured by patent claims) was found in the present study.

d. Advances by Independent Inventors

The production of an advance by an independent inventor reflected the expected negative
impact on the likelihood of group innovation as indicated by the statistically significant and
relatively large negative coefficient for the NotAssign variable in al three models. This evidence
indicates a substantial difference in group innovation prevalence for work performed outside
corporate environments by independent inventors in comparison with similar work performed in
corporate research settings. This evidence supports rejection of the null hypothesis of no
difference in group innovation practices of independent inventors and corporate inventors.

Completion of an invention outside of corporate organizational contexts (as measured in
the models by the NotAssign variable) substantially diminished the likelihood that the invention
would be produced by a group of inventors. Advances outside organizations were only .189 or
about 19% as likely to be products of group inventions as advances pursued in corporate
organizations. Thisindicates that most parties pursuing inventions without corporate
institutional support and resources tend to work alone and that the advances they bring forward
for successful patenting are very likely to be discoveries by solo inventors.

e Foreign Versus Domestic Corporate Source

Controlling for organizational support, invention complexity and technology type,
foreign corporations were substantially more likely to produce advances through group efforts
than their United States counterparts. Thiswas contrary to the expectation of similar likelihoods
of group innovation in United States and foreign corporations. While it was expected that the
null hypothesis of similar group innovation prevalence in these environments was correct, the
evidence in this study supports a finding of substantial differences and the null hypothesis of no
difference should be rejected.



Foreign corporations were about 28.2 percent more likely to produce advances by group
innovation than were United States corporations. This may reflect a continuing importance of
individua inventorsin United States corporations that has been lost (or at least diminished) in
foreign corporations.

Overall, as previously indicated in Figure 7, percentages of group advances for inventions
from United States corporations grew over the years of the study from 1974 to 2002 to exceed
the percentages for foreign corporations by the end of the study period. This means that, as of
2002, advances from foreign corporations were less likely than advances from United States
corporations to be products of group innovation. This may seem contrary to the finding here
that, controlling for overall changesin group innovation over time and the features of inventions
reflected in the independent variables considered in this study, advances emerging from foreign
corporations were more likely to be produced by groups than by individuals. However, these
two results are not incompatible. The higher group innovation percentages for United States
corporations in 2002 may reflect different group innovation growth rates or different mixes of
technologies in the advances produced by United States and foreign corporations, factors which
are controlled for and eliminated from the logistic regression results described in this section.
These results suggest that foreign corporations are more likely to produce inventions through
group innovations than are United States corporations across technology types and taking
account of changes in group innovation prevalence over time.

IV. Changesin Inventor Group Size Over Time

The size of inventor groups producing patented inventions is another dimension of group
invention processes that can be studied through patent records. This section begins with
summaries of some of the factors influencing the size of groups pursuing invention projects. It
goes on to assess changes in mean inventor group sizes over time, with separate analyses for
inventions in different technology categories, from different institutional sources, and produced
before and after the advent of the communication resources of the Internet. The section
concludes with descriptions of the results of a series of linear regression analyses estimating the
impact of invention project features on inventor group size.

A. Factors Shaping Inventor Group Size

As parties pursue patent-€ligible advances, a number of factors may affect the size of the
project teams organized to pursue the advances. In general, teams of potentia inventors
(referred to here for smplicity as “inventor groups’) will tend to grow in size up to but not
beyond the point where team |eaders see net advantages in adding additional team members.
Whether or not additions are seen as desirable will depend on both the costs and benefits of
adding team members. Hence, at the margins (as reflected in decisions about whether to add or
subtract team members), the costs and benefits of working with additional team members tend to
determine inventor group size. Over the enormous numbers of teams considered in this study,



errors in estimating these costs and benefits (including both high and low estimates) will tend to
cancel out, leaving the group means described at a later point in this article as good indicators of
the fundamental merit of group size in devel oping various types of technologies and in pursuing
inventive projects in various types of work environments..

The costs of administering innovation groups go up substantially with each additional
member.>” A number of features of interactions between group members account for this. The
addition of afurther group member adds incremental communication burdens, potentially
requiring new communication interactions of the new member with all of the other group
members. In addition, there may be added burdens in dividing up the work of the project team in
seeking an innovation, of monitoring the results achieved by one more team member, and of
coordinating those results with those of the rest of the project team.>®

These burdens are, hopefully, offset by advantages of adding an additiona person to the
project team. One potential advantage of having an additional party on a project team is that the
additional party will extend the team’s work capacity and speed. One more person adds the
ability to complete more work in parallel and to achieve results somewhat faster than without the
additional party. The addition of afurther team member can a so bring new technology
expertise, analytic abilities, or design skillsto bear in an invention project. Additions of
personnel to combine expertise and skillsin thisway may be critical in producing certain types
of inventions, particular where designs depend on combining prior design elements from
different fields or where design progress depends on technology expertise and insights from
multiple fields. Where it appears to ateam leader that adding an additional innovator will
produce a net benefit in adesign project due to advantages like these, that additional party will
tend to be included in the project team.

The ultimate sizes of inventive teams that are recorded in patents are determined through
team addition and subtraction decisions turning on factors like these. While each team reflected
in patent records may not have been the optimal size for the invention project it pursued, the
errorsin size up and down around the optimal levels are probably symmetrically distributed
(there being no clear reason why these errors should be biased one way or the other). Hence, the
insights that the records of patented advances considered here (reflecting hundreds of thousands
of invention projects in each of multiple technology fields) probably do reflect fundamental
differences in the effective invention group sizes in the different technology fields and inventive
environments scrutinized here.

One possible reason why the invention groups analyzed here may have diverged from the
ideal sizesfor such groups liesin the fact that group size determinations are made by project
team leaders or organizers with imperfect information about the merits of operating teams of
different sizes and compositions. The costs and benefits of additional team members as those

See generally Frederick P. Brooks, THE MYTHICAL MAN-MONTH 13-26, 73-83 (1982).
Id. at 13-37.



costs and benefits are seen by personsin charge of teams will control the resulting invention
group sizes, rather than the actual net benefits achieved by organizing and operating groups of
various sizes. Where the costs of adding additional parties are more clearly perceived than the
advantages, inventor groups may tend to be smaller than would be optimal because the perceived
costs of additions overwhelm the only partialy perceived benefits. Where the benefits (or
projected benefits) of additional group members are more clearly perceived (or overestimated)
relative to the related costs, inventor groups may tend to be larger than would be optimal.

B. Group Size Distribution

The inventor groups considered in this study — involving inventors producing patented
advances described in United States utility patents resulting from applications submitted in 1974
to 2002 — have the size distribution reported in Table 3. Thisdistribution includes alarge
fraction of solo inventors and rapidly diminishing fractions of larger and larger inventor groups.
This distribution indicates that 90 percent of all inventors resulting in issued patents during the
period of the study had four or fewer inventors, 99 percent had eight or fewer inventors, and 99.9
percent had 14 or fewer inventors.

Overall, this distribution confirms the dominance of group invention over the period of
this study. Solo inventors accounted for only 44.3 percent of all patented inventionsin the
period of the study. The remainder, corresponding to 63.7 percent of all patented inventionsin
this period, were products of group processes.



Table3

Number | Frequency | Percent | Cumulative Percent
1 1353836 44.3 44.3
2 781041 25.5 69.8
3 447896 14.6 84.4
4 235196 7.7 921
5 114571 3.7 95.9
6 59222 1.9 97.8
7 29248 1 98.8
8 16257 0.5 99.3
9 8616 0.3 99.6
10 5257 0.2 99.7
11 2928 0.1 99.8
12 1765 0.1 99.9
13 1116 0 99.9
14 636 0 99.9
15 475 0 100
16 282 0 100
17 218 0 100
18 121 0 100
19 102 0 100
20 73 0 100
21 80 0 100
22 38 0 100
23 46 0 100
24 27 0 100
25 106 0 100

Tota 3059153 100

C. Changesin Group Size Over Time

Figure 22 summarizes changes in the distributions of inventor group sizes over the period
of 1974 to 2002. The middle set of barsin this graph (in red) records the percentages of all
patented inventions based on patent applications filed from 1974 to 2002 that had the indicated
inventor group sizes. The set of blue bars records the percentages of inventor group sizes for
patents based on applications submitted in 1974 (the first year for which the data set is
guaranteed to capture all issued patents) and the set of green bars indicates the distribution of
inventor group sizes for patents based on applications submitted in 2002 (the last year for which
all issued patents are likely to be captured in the data set).



Figure 22

The changes in the distributions shown in Figure 22 reflect a substantial drop in the percentage
of solo inventors (group size = 1) between 1974 and 2002, arelatively constant percentage of
two inventor patents, and increases in the percentages of patents involving 3 or more inventors.

Figure 23 shows how the mean inventor group sizes for inventionsin all technology
categories grew over the period of the study. It displays the mean inventor group sizes for
patents based on patent applications submitted in each of the indicated years.



Figure 23

Theregression line in Figure 23 indicates that the increase in mean inventor group size for all
technologies was about .0312 persons per year or .8736 persons over the 28 years covered by the
study. Thisincrease was from an initial mean in 1974 of about 1.6107 persons. The mean group
size increased steadily throughout the study.

The steady increase in group size over the course of the study is significant for what it
does not show. The year to year increases continued at roughly the same pace up to 2002. There
does not seem to have been a significant change in these increases in 1984 at the point of the
legal change discussed earlier in which standards for determining who is ajoint inventor were
altered so as to make some additional partiesjoint inventors for patent law purposes. The
similarity of the growth rates over this entire period suggests that the number of inventor groups
affected by thislegal change was small. Other factors that continued throughout the period of
this study seem more likely to account for the fairly uniform growth of inventor group size over
this period.

D. Mean Group Size Differences by Technology Type

Inventor groups producing different types of innovations had different size characteristics
during the period of the study. These differences can be measured from the inventor group size



means for different types of inventions. This section describes the different inventor group size
means for the six technology categories evaluated in this study.

The inventions described in the patents considered in this study — that is, United States
utility patents based on applications submitted between 1974 and 2002 — correspond to the group
size means stated in Table 4. These mean group size figuresinclude al inventionsin the
indicated technology categories, including those produced by solo inventors (who are treated as
having a group size of one).

Table 4
Technology Category | Mean N Std. Deviation
Chemical 254 | 536989 1.682
Computer & Comm 2.32 | 506974 1.656
Drugs & Medical 2.66 | 294302 1.951
Electrical & Electronic | 2.17 | 573919 1.534
Mechanical 194 | 573547 1.407
Other 1.78 | 573414 1.282
Tota 2.19 | 3059145 1.589
E. Changesin Inventor Group Size for Specific Technologies

The changes over time in inventor group size means were somewhat different for the six
technology categories examined in this study. Figure 24 provides an overview of the yearly
increases in yearly group size means for all six categories aswell asfor all technologies
combined. This subsection analyzes differences in these group size changes over the six
technology categories considered in this study.



Figure 24

At least four patterns are apparent in the group size data presented in Figure 24. First, the
mean group sizes for certain categories of inventions were higher over the entire period of the
study than the average size for all technologies (as plotted in the line for “ All Technologies’ in
Figure 24). The group sizes for chemical advances and drugs and medical advances, in
particular, start in 1974 at a distinctly higher point than the average for all technologies and stay
higher in every year than the average sizes. Conversely, the mean sizes for mechanical
inventions were somewhat lower than the mean sizes for all technologiesin every year and the
mean sizes for other technology advances were much lower than the average in every year. This
suggests that the advantages of working in teams of larger sizes tended to be very different in
these separate fields. That is, technology type does seem to matter in determining optimal
working group size.

Second, the rates of group size increase were similar for all technologies over the study
period (as reflected in the roughly similar upward slopes of the group size lines for al of the
technology categoriesin Figure 24). Thisindicates that the factors driving changes in inventor
group size have apparently operated roughly similarly across the various types of technologies
examined here. The similarity of the group size growth rates (that is, the similarity of the slopes



of the linesin Figure 24) is examined more carefully in the category by category discussions of
the group size findings which follow.

Third, there are some subtle differences in the group size changes for different
technologies shown in Figure 24. For example, the data for chemical advances and for drugs and
medical advances show small upward inflections (that is, heightened growth rates and increased
line slopes) in about 1984, which may reflect asmall impact of the change in that year of the law
defining who is ajoint inventor for patent purposes. However, the mean group size figures for
the other technologies do not show a similar changes, having about the same rates of increase
and line slopes before and after 1984). Other technol ogy-specific differences will be considered
in the discussions below of the results for each technology category.

1. Chemical Inventions

Figure 25 summarizes the changes in mean group sizes for the chemical advances
(excluding drugs) in the period of 1974 to 2002.

Figure 25



The mean group size for chemical advances started this period at a high point (asindicated by
the intercept of 1.9325 persons for the regression line in Figure 25) and continued upward at a
substantial rate (as indicated by the slope of .0339 persons per year in Figure 25). These contrast
with a starting point of 1.6107 persons and an increase rate of .0312 for all technologies (both as
reflected in Figure 23).

2. Computer and Communication Inventions

Figure 26 summarizes the changes in mean group sizes for computer and communication
advances in the period of 1974 to 2002.

Figure 26

Mean group sizes for advances in this category started the study period at a moderately high
point (as indicated by the intercept of 1.754 persons for the regression line in Figure 26) and
continued upward at a substantial rate (as indicated by the slope of .0259 persons per year in
Figure 26). This starting point was above the average starting point for all technologies of
1.6107 persons, but had about the same increase as the average rate of .0312 persons per year for
all technologies (both as reflected in Figure 23).



3. Drugs & Medicd

Figure 27 summarizes the changes in mean group sizes for drugs and medical advancesin
the period of 1974 to 2002.

Figure 27

Mean group sizes started at avery high point (asindicated by the intercept of 1.9223 in the
regression linein Figure 27) and continued upward at a substantial rate (as indicated by the slope
of .0352 persons per year in Figure 27). These were both well above the average starting point
for all technologies of 1.6107 persons and the average rate of increase of .0312 per person per
year for all technologies (both as reflected in Figure 23).

4. Electrical and Electronic Inventions

Figure 28 summarizes the changes in mean group size for electrical and electronic
advances in the period of 1974 to 2002.



Figure 28

The mean group size for individuals producing electrical and electronic advances started at about
the average for all technologies and went up at about the with rate of change as found for all
technologies. The starting point was 1.6347 for electrical and electronic advances (as indicated
by the intercept for the regression linein Figure 28). The mean group size continued upward at a
rate of .0260 persons per year (as indicated by the slope of the regression line in Figure 28).
These were both about equal to the averages for all technologies (that is, an average starting

point of 1.6107 persons and an average rate of increase of .0312, both as reflected in Figure 23).



5. Mechanical Inventions

Figure 29 summarizes the changes in mean group size for mechanica advancesin the
period of 1974 to 2002.

Figure 29

Group sizes for inventions in this category started below the average for all technologies and
went up at about the average rate per year. The starting point was 1.5082 persons for mechanical
advances (as indicated by the intercept for the regression line in Figure 29). The mean group
size continued upward at arate of .0247 persons per year (as indicated by the slope in Figure 29).
The corresponding average for all technologies was 1.6107 persons and the average rate of
increase was .0312, both as reflected in Figure 23).

6. Other Technology Inventions

Figure 30 summarizes the changes in mean group sizes for advances in the other
technology category in the period of 1974 to 2006.



Figure 30

Mean inventor group sizes for innovations in the other technology category started in 1974 at a
point below the average for al technologies and went up at alower rate of change than that
found for all technologies. The starting point was 1.4168 persons for mechanical advances as
indicated by the intercept in the regression line in Figure 30). The mean group size continued
upward at arate of .0199 persons per year (as indicated by the slope in Figure 30). The
corresponding starting point for all technologies was 1.6107 persons and the average rate of
increase was .0312 persons per year, both as reflected in Figure 23).

F. Mean Size of Inventor Groups in United States Corporations, Foreign
Corporations, and Independent Inventor Communities

Mean inventor group sizes changed differently over the period of the study for inventions
produced by United States corporations, foreign corporations, and independent inventors. Figure
31 summarizes these changes and compares them to the group size changes for inventions from
all sources. The red line reflects the mean group sizes for patents assigned to United States
parties, a good measure of inventions originating from United States corporations. The green
line reflects the mean group sizes for patents assigned to foreign parties, a good measure of



inventions originating from foreign corporations. The purple line reflects the mean group size
for patents that were unassigned upon issuance (which is used here as an indicator of patents
emerging from the work of independent inventors).

Figure 31

Asthisfigure shows, United States corporations had mean group sizes that were lower in 1974
than for foreign corporations, but that ended the period of the study at about the same mean as
for foreign corporations. Growth in mean group size was more rapid in United States
corporations. The regression line in Figure 31 for the mean inventor sizein United States
corporations (corresponding to the datain the red line) had an estimated mean of 1.4191 persons
in 1974 and arate of mean size growth of 0.0415 persons per year. Thislinear regression model
explained about 96 percent of the variation in the mean group sizes for United States
corporations over the indicated years. The regression line for foreign corporations
(corresponding to the data shown in the green line) indicates that the mean group sizein foreign
corporations was about 1.7726 personsin 1974 and grew at about .0225 persons per year. Thus,
the mean size of inventor groups in United States corporations grew about twice as fast as the
mean inventor group size in foreign corporations. This regression model explained 95 percent of
the variation in the mean group sizes for researchers working in foreign corporations.



G. Mean Inventor Group Size Pre- and Post-Internet

It was expected that inventor group sizes would grow faster after the advent of
widespread Internet usage in about 1994. The new availability of the increased communication
capabilities and other Internet features aiding collaborations was expected to aid larger groups in
working together, causing the mean group size to go up at a higher rate than before. Figure 32
examines the rates of change in mean group size during the period before and after widespread
use of the Internet. Patents based on applications filed through 1994 corresponded to inventions
completed largely without the benefit of Internet communications and services. Inventions with
patent applications filed after 1994 were potentially aided by Internet capabilities.

Figure 32

Contrary to the expectation of a change with the availability of the Internet, the rates of inventor
group size growth were about the same before and after availability of the Internet starting in
about 1994. The results of separate linear regression analyses for these two periods
(corresponding to the daga shown in the red and blue linesin Figure 26) were as follows:

Pre-Internet (1974-1994)




Mean Group Size = (0.0297) year + 1.6222
R® = 0.9562

Post-Internet (1995-2002)

Mean Group Size = (0.0221) year + 2.3204
R*=0.673

The higher intercept in the second equation merely reflects the fact that the period of change
addressed by this second equation starts in 1995 and the intercept reflects the growth in average
group size between 1974 and 1995. The important characteristics of these two equations are the
very similar slope figures they contain.>® Theseindicate that the mean group size grew at arate
of about 3.0% per year before the widespread use of the Internet and at a rate of about 2.2% after
that point. Contrary to expectations, the rate of mean group size growth has been lower during
the years since the advent of the Internet, not greater. Group size growth was well underway
before the use of the Internet and continued upward at about the same pace (or a bit less rapidly)
with the advent of the Internet.

H. Linear Regression Analyses of Mean Inventor Group Sizes

The final portion of the present study included three linear regression analyses estimating
the impacts of anumber of independent variables on the size of inventor groups.®® Inventive
group size for each United States utility patent based on an application submitted between 1974
and 2002 (as recorded in the variable InvNum for each patent) was the dependant variable in
each of these analyses. The independent variables used in these anal yses were the same
independent variables used in the logistic regression studies of group innovation prevalence
described at an earlier point in this article, with the same variable definitions.

1. Linear Regression Models

In Model 1, group size was regressed on changes in time from 1974 (as measured by
appyearO, coded to record applications submitted in 1974 as appyear0 = 0), numbers of patent
claims (as measured by nclaims0, coded to record applications with one claim as nclaims0 = 0),
the emergence of an invention from outside an organizational context (as indicated by the lack of
a patent assignment upon patent issuance, a characteristic coded as NotAssign = 1), and the

* A linear regression analysis confirmed thisresult. Controlling for the effects of changesin group size by

year of patent application submission, the regression analysis estimated that there was no statistically
significant difference in the yearly change rates before and after 1994, the year in which Internet use
became widespread.

Aswith the logistic regression analyses of group innovation propensity described in the prior section, the
dataincluded in these linear regression analyses of group size included patents resulting from applications
filed between 1974 and 2002 and for which valid codes on patent assignments (for use in coding the
NotAssign variable) were available in the NBER database.
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emergence of an invention from aforeign corporation (coded as ForAssign = 1) rather than from
the base condition of emergence from a United States corporation.

In Model 2, asingleindependent variable (appyear0) was again used to account for
changesin group size over time, but the impact of different technology types on group size were
estimated by including six dummy variables for technology typesin the model. The definitions
for the technology category variables used in thismodel (and in Model 3) are the same as those
for the variables used in the logistic regression analyses described at an earlier point in this
article.

In Model 3, the same independent variables were used asin Model 2 except that the
possible impacts of technology-specific changes over time were estimated. Model 3 estimates
separate changes in inventor group sizes for each of the six technology categories considered in
this study. These separate change rates are estimated in the coefficients for the variables ending
in“yr”. The definitions of the variables used in this model can be found in the discussion of the
same variables in the section of this article dealing with the logistic regression analyses of group
invention prevalence.

2. Hypotheses Tested

7?

3. Linear Regression Results

The results of the linear regression studies of mean inventor group size are recorded in
Table 5.

Table5

MODEL 1 MODEL 2 MODEL 3

Variable | Coefficient | Beta | Coefficient | Beta | Coefficient | Beta

Intercept 1.632

catl 1.945 0.307 1.769 0.280
cat2 1.574 0.231 1.674 0.245
cat3 2.050 0.236 1.894 0.218
cat4 1.508 0.245 1.528 0.248

catd 1.434 0.235 1.499 0.245




cat6 1.406 0.231 1.498 0.246

appyear0Q 0.024 0.120 0.024 0.166

catl_yr 0035 | 0.097
cat2_yr 0019 | 0.056
cat3_yr 0032 | 0.074
catd_yr 0022 | 0.071
cat5_yr 0020 | 0.057
cat6_yr 0018 | 0.052

nclaims0 0.009 0.068 0.008 0.054 0.008 0.054

ForAssign 0.352 0.110 0.379 0.090 0.379 0.090

NotAssign -0.799 -0.183 -0.703 -0.103 -0.705 -0.103

All of theindicated regression coefficients were statistically significant at the .001 level. These
regression models accounted for about 10% of the variance seen in the group size data. Model 1
produced regression results with R? = .088, Model 2 had an R? = .110, and Model 3 produced an
R?=.111.

In the results for Model 1, the intercept figure of 1.632 reflects the estimated initial mean
group size across all technologiesin 1974. The coefficient of 0.024 for the variable appyearO
reflects the estimated change in the mean group size per year across all technologies. The
coefficients for the remaining variables describe the predicted increase in group size if the
invention characteristics corresponding to each variable were present in a particular patented
invention.

Theresults for Model 2 included estimates of the initial mean group size in 1974 for each
of the six technology categories under study, from which differencesin size from category to
category can be determined. The analysesin model two assume that the growth in tnventor
group size was about the same across al technologies and model changesin group size with a
single time-dependent variable (appyear0).

In the results for Model 3, different mean group size starting points and change rates are
calculated for each of the six technology categories, controlling for the invention features of
invention complexity (as reflected in numbers of patent claims as recorded in the nclams0



variable), independent inventor source (as reflected in the NotAssign variable), and foreign
versus United States corporation source (as reflected in the ForAssign variable).

a Changes Over Time

In the results for all three models, the passage of time was an important predictor of
group size, controlling for the other factors addressed in the remaining regression variables. The
effects of time were reflected in the coefficients for the appyear0O variable in Model1 and Model
2 and the coefficients for the technology-specific variablesin Model 3.(with names ending in
“yr") . These components were substantial and positive, indicating that there were significant
upward increases in group size across all size categories over the years considered in this study
(1974 to 2002). The average change per year was .024 persons, or an estimated .672 person
increase in the mean group size over the 28 years of the study.

b. Independent Inventors

The creation of an invention by one or more independent inventors working outside of
organizational contexts (as recorded in the NotAssign variable) was also an important predictor
of inventor group size. The substantia negative coefficient obtained for the NotAssign variable
indicated that inventions developed by independent inventors were generally produced by
smaller inventor groups. The groups producing patented advances outside corporations were, on
average, about .703 persons smaller than those working in United States corporations, all else
being equal. Many of these “groups’ may have been solo inventors (coded here as having a
group size of one). Earlier findingsin this study indicated that about 80 percent of inventions
generated by independent inventors were produced by asingle individual (see Figure 7).

C. Domestic Versus Foreign Corporations

Foreign corporations tended to produce patented advances through groups that were
larger than their United States counterparts. The inventions produced by inventorsin foreign
corporations had an estimated inventor group size that was about .379 persons larger than the
group size for inventorsin United States corporations, controlling for time, invention
complexity, and technology type.

d. Invention Complexity

The number of claims present in a patent was positively associated with group size,
suggesting that more complex inventions (generally reflected in more claims) were produced by
bigger inventive groups, all else being equal. However, mean inventor group sizes for inventions
with many claims were not much larger than for inventions with few claims. The coefficient for
this factor was only .008. This meansthat, for every 10 claims added to a patent, the estimated
group size rose by only .08 persons.

e Differences by Technology




Four different inventor group size patterns are reflected in technol ogy-specific results of
the regression analyses based on Model 3. These analysesincluded linear regression in which
both intercepts (reflecting initial mean group sizes as of 1974, the first year considered in this
study) and slopes (reflecting group size change rates) were computed for each of the six
technology categories examined in the study.

1) Drugs and Medical: This category showed estimated inventor mean group sizes with
both a high starting point (1.894) and a high rate of increase per year (.032). The former
indicates that these sorts of advances were aready being pursued by relatively large groupsin
1974 and the later that these groups grew even faster than the average growth rate for all
technologies. Given that both these measures were the highest for the six technology categories
studied, parties pursuing new drugs and medical advances seem to have relied on larger groups
to produce new inventions and to have added to the size of inventive groups most aggressively in
the period of the study.

2) Chemical: Theregression results for this category showed almost the same
characteristics as those for the drugs and medical advances category, except that the predicted
group size starting point for chemical advancesin 1974 was somewhat smaller. The rate of
group size increase for these two technology categories was almost identical, suggesting that
inventive effortsin these fields responded similarly to increases in group innovation techniques,
resources, and capabilitiesin thisperiod. It may also be the case that many of the advancesin
the drugs and medical field were, at bottom, chemical advances (with drug applications),
meaning that the same group innovation dynamics governed group formation and operation in
thesefields. More study of the similarity of advancesin these two domains is necessary to assess
why they exhibited similar group size changes over the period of the study.

3) Computer and Communication: This category started 1974 with a predicted group size
(1.674 persons) that was about equal to the average for all technologies (1.632 persons), but
which changed at arate (.019 persons per year) that was below the overall average (.024 persons
per year). This suggests that in 1974 innovators working on computer and communications
advances aready recognized substantial advantages of working in large groups, but that these
advantages were not as compelling as those in the drugs and medical and chemical fields where
the estimated initial group sizesin 1974 were aready larger. Thelack of a high group size
growth rate in the computer and communication field indicates that researchersin thisfield
realized about the same advantages from using larger groups as were seen by researchersin all
fields of technology generally and adopted larger groups no faster that was true for all
technologies. Put another way, the essentially average growth rate for group sizesin the
computer and communication field suggests that there were no special field-specific benefits
found in greater group size.

It is particularly interesting that group size changesin thisfield were at rates below the
average for all technologies, since one would expect that researchers in the computer and



communication fields would be most attuned to the capabilities and advantages of computer-
based resources like the Internet and would have made most effective use of them in forming and
maintaining large inventor groups. Thistype of impact in producing elevated group sizes was
not found for advances in the computer and communication technology category.

4) Remaining Technology Categories. The electrical and electronic, mechanical, and
other technology categories showed about the same initial group size levels and growth
characteristics. Thisis somewhat surprising in that these fields appear to involve substantially
different types of technical design challenges, |eading to expected differences in advantages of
working in larger groups in these fields and to predicted differences in mean inventor group
sizes. However, the predicted differences were not found. Mean inventor group size for 1974
was at about the samein all three categories (about 1.5 persons) and increased at about the same
rates (about .02 persons per year). Researchers working on advances in these categories appear
to have responded in similar fashions to initial circumstances encouraging or facilitating group
work and to changes in those circumstances. The fact that these factors seem to have operated
similarly across seemingly different technology types suggests that the group work changes seen
in these fields may reflect factors such as speed advantages of group efforts that operate
somewhat similarly over diverse types of technical projects.

V. Conclusion

Overal, very substantial changes in the prevalence of group efforts and in the sizes of
inventor groups were found in al technology areas. These changes affected inventions emerging
from both United States and foreign corporations, athough the growth of group innovation and
group size was more substantial in United States corporations. Trends towards more frequent
group invention and larger inventor groups cut across all technology areas, belaying the notion
that advantages of group innovation were technology-specific or that recent advancesin
communication technologies enhanced innovation in some technology areas more than in others.
With respect to the impact of the Internet in particular, recent trends towards more group
invention and larger inventor groups seem to have begun far in advance of the widespread use of
the Internet. The availability of the communication resources and collaborative tools provided
by the Internet do not seem to have materially altered the dynamics of group invention in any of
the technology fields or corporate environments.

Nor do changesin the law of joint inventorship in the mid-1980s seem to have materialy
altered the numbers of group inventions or the average size of inventor groups reflected in patent
records. Trends towards greater prevalence of group invention and increasing size of inventor
groups continued at about the same pace after this change in the law.

These findings indicate that there are fundamental forces changing the desirability and
success of group effortsin worldwide innovation, but that these forces and the changes that they
have produced have been in play from at least as early as 1974. These changes predate the



widespread use of new communications technologies and even the addition of personal
computing power and flexibility provided by the personal computer revolution in the early 1980s
(although they do not necessarily predate the even earlier widespread use of mainframe
computers). The observed changesin group innovation probably reflect broadly felt changesin
innovation environments, such as increased technological support of group work within
corporations or more effective group management techniques improving team efforts and
coordination across diverse technological settings. The primary factors driving increased group
innovation over time appear not to be technol ogy-specific for the most part, but rather that are
important factors in driving increases in the prevalence of group innovation and the size of
inventor groups across highly diverse technological fields.



