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Many forces now drive technological advancement through group innovation.  Increasingly, group innovation involves projects to combine globally dispersed expertise and to advance invention processes among working groups separated by great distances.  Separately developing regional expertise, regionally distinctive labor pools, globally distributed corporate enterprises, and a worldwide economy all contribute to new efforts to innovate through globally dispersed workgroups.
The increased importance of innovation projects involving physically separated groups of employees or researchers interacting at a distance has created an associated need for new means to coordinate and promote group efforts among widely displaced group members.  Recent research has emphasized the surroundings and practices at both individual and organizational levels that can make collaborative interactions effective, particularly in advancing research and development and other new design efforts.

The challenges facing parties who seek to form and administer effective innovative workgroups are considerable.  One group of analysts described these challenges as follows:

The knowledge economy is fundamentally affecting the modern work environment.  As demand for knowledge workers increases, new work paradigms are being developed in which specialized teams are assembled for specific projects.  Those specialized teams may need to work together for a matter of days, weeks or months to accomplish a given project.  With more regularity, the team is disbanded after the project is completed and team members move on to other projects, often working with a partly or completely different group of people.  In addition, people who need to work together are increasingly geographically dispersed due to corporate partnering, acquisitions, globalization, and related factors.  While there is motivation for people to work together more closely and more effectively due to competitive pressures, the increasing geographical dispersion of talent in the workforce creates a dilemma which is not easily resolved.

This article focuses on a very specific type of distant interaction with high societal value -- the production of new, patentable inventions through the work of widely displaced co-inventors.  Where the concepts underlying patentable inventions are produced by two or more parties working in concert, these individuals are "joint inventors" under the patent laws.
  Such individuals hold and exercise patent rights as co-owners.

Interactions between researchers resulting in joint inventions are highly demanding as they must overcome both technical and legal hurdles.  Technologically, interactions aimed at joint inventions (as opposed to more pedestrian technological innovations aimed at product improvements) must overcome communication and coordination barriers to assemble and apply the collective expertise and other resources of group members.  To have significant commercial and social impacts, group design efforts must often produce product or service designs that are fundamentally new to their field (at least in some functional detail).  By contract, most workgroups developing new product designs or operating plans typically do so through less challenging processes adjusting or otherwise improving prior designs in some minor ways.

Legally, the test for a patentable invention is even more demanding.  In order to qualify for a patent, advances of workgroups must describe complete and replicable functional designs.
  Furthermore, patentable designs must not only be new,
 they must reflect an advance over prior knowledge so substantial or unusual that the designs would not have been obvious to an average practitioner in the field of the advance even if the practitioner had perfect knowledge of all prior, publicly available design knowledge in that field.
  Since these tests are demanding and eliminate most routine innovation in specific fields, patents record the successful results of a particularly valuable set of innovative efforts -- that is, the successes of innovators working on outlier projects at the frontiers of their fields and not within the routine constructs and methods of other innovators.
This article uses the patent record to provide two new types of insights into the workgroups or working relations that produce patentable inventions.  First, bibliographic data from patent records for 1976 and 2006 are used to assess changes in workgroup patterns in a period influenced by the rise of the Internet and other electronic communication improvements.  Second, the impact of the Internet other resource enhancements in recent decades in expanding successful joint invention at a distance is studied by examining the physical separation of joint inventors in 1976 and 2006.  Overall, these studies are aimed at better understanding how multiple individuals interact to produce useful advances of the highest societal importance, with emphasis on the potential of new communication resources such as the Internet to increase the global range of effective invention workgroups.

I.
Characteristics of Joint Inventions of Patentable Advances
A.
The Target of Effective Workgroup Activities: Distinctive Features of Patentable Advances Produced Through Workgroups
Basic patent law requires that a patentable advance -- that is an innovation that can qualify for a patent if a proper patent application is filed -- must have three types of characteristics.
  First, it must fall within the range of patentable subject matter.
  Second, it must be new and a substantial departure from prior knowledge in the relevant field of design or technology.
  Third, it must be understood and described in a patent application with sufficient particularity to enable parties other than the inventor to replicate the invention.
  This subsection scrutinizes these requirements as they apply to patentable advances produced by workgroups.

1.
Patentable Subject Matter and Workgroups
Patentable subject matter is present in an innovation that entails a new and useful device, material or process that is artificial in that it did not previously exist in nature but is instead man made and that includes some form of machine or physical transformation of matter. 
  A wide range of physical items and processes ranging from new life forms to computer-based information processing advances fall within the range of patentable subject matter.  Many of the most commercially successful advances in recent years have emerged from resource-intensive contexts in which group innovation (at least in the coordination of multiple resources needed to establish the potential for advances) is commonplace or even necessary.
  In short, the nature of some patentable subject matters may demand group innovation.

However, this may not be the same as saying that these technologies demand group inventorship.  Efforts needed to produce new and useful designs even in complex fields may emerge from only one person serving as the focal point of a variety of support services and aiding personnel.  Innovation in complex settings may still conform to somewhat of a "surgeon" model, where one key party is the sole innovation designer even though his or her efforts are aided by many important contributions from non-inventor assistants in the innovative process.

2.
Novelty, Non-Obviousness and Workgroups
Patentable inventions must also not be previously known as shown by publicly revealed activities, publications, or patents.
  A patentable advance must also be a substantial departure from prior knowledge such that the advance would not seem obvious to a well-informed practitioner with average skills in the relevant field of engineering or design.
  These requirements drive innovators seeking patentable inventions to work towards advances that are outliers in their fields in that the advances will not conform to prior thinking in those fields (or which will even go against predictions of innovation failure based on prior knowledge in the fields).  Such innovators will instead seek to apply prior design knowledge to problems in new fields or will take fundamentally new design approaches to solve practical problems.

Combinations of expertise assembled through workgroup efforts may be particularly effective means to bring together either complementary technological knowledge or combinations of problem knowledge and technological solutions so as to produce useful designs that would not be possible through the efforts of single individuals and which involve the types of outlier advances that can qualify for patents.  In essence, workgoups may be information gathering devices, bringing to the design table information held by each of the contributors to a design project.  Provided that the information held by multiple participants can be extracted, coordinated, and combined in effective ways, workgroups provide the promise of bringing previously disparate technical designs and expertise.  Workgroups can also combine functional knowledge of technologies held by one or more individuals with knowledge of practical needs in a field held by other individuals and thereby produce inventions that would not be possible without this combination of expertise through group interactions.
3.
Concreteness, Completeness and Workgroups
Patentable advances must reflect a completely workable design that is understood with sufficient particularity and completeness to be capable of written description in a patent application.
  This involves both knowledge and description requirements -- that is, a sufficient invention must be known in all its functionally important parts so that these can be properly combined and reproduced in subsequent efforts to replicate the invention.  In addition, these component parts and the means to produce, combine, and use them must be actually described in a written patent application.

Work on innovations through group efforts may potentially frustrate the type of complete knowledge needed for patentable innovations.  Where different subcomponents of a potential advance are known by different parties in a workgroup, there may be substantial challenges in coordinating these portions of knowledge in an overall design.  Furthermore, even where an advance produced by a workgroup is shown to operate once, it may be difficult to move from this operative example to describe how the component pieces of the invention (which may be based on the separately held knowledge and expertise of group members) should be produced and used.  In short, combining the component knowledge of workgroup members does not just involve coordination challenges at the time of design work on potential inventions.  It also demands substantial effort to coordinate the descriptions of the full range of features of a successful advance where pieces of the advance have come from different parties joined together in a workgroup.

B.
The Law of Joint Inventorship
United States patent laws governing the identity of co-inventors build on two sources: the basic law of inventorship as developed primarily from the work of single inventors and the additional legal principles for determining when two or more persons have contributed to an invention and should be deemed joint inventors.

1.
Possession of Inventive Knowledge: The Simple Case of Single-Party Invention
The same degree of knowledge about a new and useful design is required under patent law for recognition of an invention -- and the creation of patent rights -- regardless of whether an advance is produced by one or more parties.  Since it is easier to study in the simple case of an advance produced by one inventor, the required features of an invention for patent law purposes are described here in connection with single-party inventions.  The next subsection extends this discussion to include the more complex situation of inventions produced through the joint efforts of multiple inventors.

Even in the relatively simple context of work by a single inventor, the nature of sufficient knowledge of a practical advance to make the advance a patentable invention has bedeviled courts for many years.  Judicial analyses have described completed inventions as involving two steps -- conception and reduction to practice.

a.
Knowledge Constituting Conception of an Invention
Conception of a patentable invention involves the assembly of a mental concept or image of an advance.
  Conception entails "the formation in the mind of the inventor, of a definite and permanent idea of the complete and operative invention, as it is hereafter to be applied in practice."
  A conception must include knowledge of every feature of a claimed invention.
  What is not required at the conception stage, however, is knowledge that a given design will work.
  This further knowledge about the workability of a design is added through a reduction to practice of a new invention as described below.

Determining when a party has sufficient knowledge of an advance to constitute an invention conception is sometimes difficult.  There is typically no bright line point at which accumulating knowledge held by an innovator reaches a sufficient level to constitute the conception of an invention, in part because further well known design and implementation steps may be needed to implement the conception of an invention.  For purposes of patent law, a "[c]onception is complete ... when the idea is so clearly defined in the inventor's mind that only ordinary skill would be necessary to reduce the invention to practice, without extensive research or experimentation."
  An idea is sufficiently definite and permanent to reflect a patentable invention "when the inventor has a specific, settled idea, a particular solution to the problem at hand, not just a general goal or research plan he hopes to pursue."

b.
Importance of Corroborating Evidence
Because a conception is a mental act that is easily misrembered or falsely described in retrospect when it has significance in a patent dispute, courts have required corroborating evidence to establish an invention conception.  Typically, the necessary corroborating evidence is a contemporaneous disclosure that contains sufficient information and details to enable one skilled in the art to make an invention.
  Such a disclosure confirms both the fact of a new design and the completeness of that design.  The confirmation of an invention and its completeness are closely intertwined as noted by the Federal Circuit court:

The conception analysis necessarily turns on the inventor's ability to describe his invention with particularity.  Until he can do so, he cannot prove possession of the complete mental picture of the invention.  These rules ensure that patent rights attach only when an idea is so far developed that the inventor can point to a definite, particular invention.

c.
Knowledge Added Through a Reduction to Practice
A reduction to practice involves the first physical realization of an invention, as shown by producing a working example or by successfully completing an innovative procedure.
  Conception and reduction to practice may occur simultaneously or in any order.  Typically, a conception precedes a reduction to practice that is guided by the conception.  The workable example of the invention confirms the sufficiency and completeness of the earlier conception design.  However, the reverse order is possible where a useful design is implemented by accident and only later analyzed and completely understood.

A reduction to practice and conception may occur simultaneously where some aspect of an invention is not clear or adequately understood so as to permit replication until a working version of the invention is made in a reduction to practice.  Thus, there is no conception "where results at each step do not follow as anticipated, but are achieved empirically by what amounts to trial and error."
  Conception is not present in these sorts of instances until predictable, repeatable results are produced through a reduction to practice because, until that point, the invention is incomplete for lack of knowledge needed to transfer the invention in a workable form to others.

d.
Why Invention Matters in Connection with Workgroup Innovation
When and by whom an invention is made is significant in several patent law contexts.  One common issue is at what time an advance occurs, which may be important when two competing inventors or invention teams assert that they have independently developed an advance.  The first inventor or group will generally be entitled to patent rights under United States law upon the filing of a proper patent application.
  The second inventor or group will generally take no patent interest and may later need to give up use of the patented invention once a patent issues to the other party.  This type of controversy over invention, while important in some patent contests, is not materially different in workgroup contexts than in sole inventor processes and will not be addressed in this article.

Another setting where ascertaining the characteristics of an act of invention is important is where the identity of the party or parties making an invention is in dispute.  For example, an invention emerging from a workgroup may lead to a dispute over who in the workgroup was an inventor of the advance.  Only a true inventor or group of inventors may obtain a patent for an advance.
  This patent law rule protects against problems of over- and under-inclusion of inventors within the group of parties who can exercise patent rights and thereby limit the making, using, or selling of a patented invention.
   Leading patent commentator Donald Chisum describes the rationales behind disallowing patent interests for non-inventors as follows:

it would be morally offensive to allow one to harvest what another has sown.  The requirement bars a patent even if the true inventor does not complain or if the true inventor is not known, as, for example, when a person discovers and imports for the first time into the United States a device in common use in a foreign country.  The originality requirement limits patent monopolies to those who actually expend inventive effort successfully.  It also reinforces other substantive requirements of patentability.  The true originator of a new invention is an important source of information as to whether the invention in question has been in public use or disclosed in a printed publication.

2.
Inventions in Workgroups: Additional Standards
a.
Basic Features
Inventions reflecting the significant design contributions of two or more individuals are "joint inventions" for purposes of patent law.  Joint inventorship requires not only that the functional components of a patentable design stem from multiple parties, but also that the parties have worked together in a single design project to produce the resulting combined work.  As described by one court:

A joint invention is the product of collaboration of the inventive endeavors of two or more persons working toward the same end and producing an invention by their aggregate efforts. To constitute a joint invention, it is necessary that each of the inventors work on the same subject matter and make some contribution to the inventive thought and to the final result.  Each needs to perform but a part of the task if an invention emerges from all of the steps taken together.  It is not necessary that the entire inventive concept should occur to each of the joint inventors, or that the two should physically work on the project together.  One may take a step at one time, the other an approach at different times.  One may do more of the experimental work while the other makes suggestions from time to time.  The fact that each of the inventors plays a different role and that the contribution of one may not be as great as that of another, does not detract from the fact that the invention is joint, if each makes some original contribution, though partial, to the final solution of the problem.

Current inventive processes in corporations and other organizations frequently rely on contributions by multiple innovators, but under conditions where the sources, nature, and importance of the contributions may be unclear:

Most employee inventions which occur in corporate R & D departments are usually the result of the collaborative efforts of several persons, rather than one individual.  Ideas leading to useful inventions often are the result of “brainstorming” sessions [in which it] is sometimes difficult to determine ... who contributed to the particular invention.  Sometimes, one person will partially conceive what the invention should be.  It is only later that someone else, through additional development work, fills in the remaining pieces to make the complete invention.  Employee inventions in the corporate environment are generally team efforts.

b.
Collaborations Needed to Produce a Joint Invention
The requirement that joint inventors be significant collaborators on a single project adds difficulty to joint inventorship determinations.  The respective contributions to an invention design of multiple persons working on the development of a new innovation must be scrutinized to determine if each party contributed a sufficient portion of an invention in a manner that makes them a joint inventor.  Examples involving two individuals will illustrate the complexity of these joint inventorship determinations.  Even where two individuals contribute to the completion of a invention design, the two may or may not both be inventors.  Where each has contributed materially to the specification of one or more physical subcomponents or process steps within an invention, both are probably joint inventors.  However, where one individual is working at the direction of another, the person following instructions is not a joint inventor, even if the work of that second party relates to a key feature of an invention.  Similarly, if one person works to perfect or test an already completed invention design, the party contributing in this way is not a joint inventor.


Some joint work by each party in developing a new design is needed to make parties joint inventors.  If a person develops the design for a product component and a second person incorporates the first design in a further product designed in a separate project, the two designers are not co-inventors.  Thus, for example, in Burroughs Wellcome Co. v. Barr Laboratories, Inc., 
 the Federal Circuit court considered and rejected an argument that groups that worked at different times on similar chemical projects were co-inventors as to some of the later chemical discoveries.  The court later commented on its analysis in Burroughs Wellcome as follows:

If [the later inventors] had conceived the structures of the claimed compounds, but were then unable to make them without [the prior inventor's] help, [the prior inventor] might have been a coinventor.  That is not this case, however. Here, there is no evidence in the record that [the prior inventor] knew that [the later inventors] were attempting to make any of the claimed compounds, or even that [the later inventors] had any contact at all with [the prior inventor] after the claimed compounds were conceived. [The prior inventor] neither made the claimed compounds nor attempted to make them, and he did not have "'a firm and definite idea' of the claimed combination as a whole."  Although [one of the later inventors] may have learned the beta-lactam method from [the prior inventor], teaching skills or general methods that somehow facilitate a later invention, without more, does not render one a coinventor.

Congress confirmed, however, that parties working at different times and in different locations can sometimes be co-inventors if they are working on a shared design project.  The Patent Act provides that "[i]nventors may apply for a patent jointly even though (1) they did not physically work together or at the same time, (2) each did not make the same type or amount of contribution, or (3) each did not make a contribution to the subject matter of every claim of the patent."

c.
The Importance of Communication Between Joint Inventors
Careful communication between parties working on joint innovation projects is typically needed for the parties to be joint inventors.  The need for extensive communication between joint inventors -- and the corresponding communications challenges associated with workgroups involving large distances between group members precluding face to face interactions -- was by Professor William Robinson as early as 1890 in his treatise on patent law:

Where two or more persons acting jointly, conceive the same idea of means, they are joint inventors and are jointly entitled to the patent.  The sphere of their joint labors and success is thus the mental part of the inventive act. That one conceives the idea and another reduces it to practice; that one conceives the principal idea and the other an idea which is ancillary to and inseparable from it; that one conceives one idea and the other a different idea, both of which are united in the concrete invention, -- neither of these are joint invention, nor do they give to the inventors the right to become joint patentees. Only where the same single, unitary idea of means is the product of two or more minds, working pari passu, and in communication with each other, is the conception truly joint and the result a joint invention.

Another commentator, assessing the minimum interaction needed to make two parties co-inventors, recognized that communication between the parties is a necessary precursor to the types of interactions that will make them co-inventors:

Separate ideas can only be linked in a joint invention if at least one of the inventors, while conceiving or perfecting his ideas, considers the other inventor's ideas.  Thus, the minimum required collaboration is some form of communication between two joint inventors.  This can occur if the inventors work serially, one building on the prior work of the other, or in parallel, the two working separately and then meshing their separate works into one.

The significance of communication in defining the minimum circumstances enabling the types of interactions leading to joint inventorship suggest that changes in communication technologies -- such as the advent of the Internet -- should expand the range of potentially successful interactions leading to patentable inventions.  The empirical studies conducted as part of this research examine whether this type of communication resource improvement seems to have increased the number and size of innovation workgroups.
d.
Falling Short: Collaborations and Contributions Not Constituting Joint Invention Processes
A number of judicial analyses have identified specific types of contributions to group efforts that have not made the parties joint inventors.
  Courts have held that a party does not become a joint inventor by:

1)
suggesting a desired end or result, with no suggestion of means;

2)
following the instructions of the person or persons who conceive the solution;

3)
acting to reduce to practice an already completely conceived invention;

4)
providing information on design elements with no knowledge of the ultimate design project;

5)
completion of steps to prove that an invention is useful, even if the steps are important to subsequent use or commercial exploitation of the patented invention;

 6)
ongoing collaboration or interaction regarding similar projects where there is no evidence of a joint contribution to the particular design effort leading to a patented invention;

e.
Consequences of Joint Invention
One key consequence of joint inventorship under present patent laws is that joint inventors must apply for patents together.  The Patent Act states that "[w]hen an invention is made by two or more persons jointly, they shall apply for [a] patent jointly."
  As a corollary, a patent applied for and obtained by a party who is not an inventor of the invention claimed is invalid.
  However, in cases where inventors are misstated on a patent, the patent may sometimes be corrected, thereby saving its validity.
  The court in Pannu v. Iolab Corp.
 described the following procedures for correcting patents that incorrectly identify inventors:
When a party asserts invalidity under Section 102(f) due to nonjoinder [of an actual inventor among the parties listed as the inventors in a patent], a district court should first determine whether there exists clear and convincing proof that the alleged unnamed inventor was in fact a co-inventor.  Upon such a finding of incorrect inventorship, a patentee may invoke section 256 to save the patent from invalidity.  Accordingly, the patentee must then be given an opportunity to correct inventorship pursuant to that section. Nonjoinder may be corrected "on notice and hearing of all parties concerned" and upon a showing that the error occurred without any deceptive intent on the part of the un-named inventor. ... 35 U.S.C. Section 256; see Stark v. Advanced Magnetics, Inc., 119 F.3d 1551, 1555, 43 USPQ2d 1321, 1324 (Fed. Cir. 1997) ('[T]he section allows addition of an unnamed actual inventor, but this error of nonjoinder cannot betray any deceptive intent by that inventor.')

Even if an initially misstated list of inventors is corrected in this manner, the patent at stake may still be invalid for reasons related to the initial misstatement of inventorship.  For example, in Pannu, the accused infringer asserted that the patent at issue was still invalid even if a previously omitted coinventor was added to the patent under the procedure discussed above because the patent failed to disclose information about the best mode for practicing the claimed invention that was known to the omitted inventor but not the initially stated inventor.
  Thus, in this and other respects, the knowledge and previous work of the actual set of inventors may invalidate a patent, even if the set of inventors is belatedly corrected.

II.
Changes in Group Innovation: Evidence from Patent Records
Several types of changes in resources and research techniques may have produced changes in innovative workgroups and processes in recent decades.  In particular, changes in communication resources such as the advent of the Internet seem likely to have enabled members of workgroups to have communicated more effectively and over greater distances.  In addition, the increasingly complex nature of research in many fields may have necessitated greater use of workgroups -- as opposed to solo inventors -- in order to carry on effective research programs and produce patentable inventions.

This study focused on innovation groups in 1976 and 2006, a gap in time chosen to ensure that the groups studied operated before and after the advent of the Internet and other new electronic communication resources.  It was hypothesized that:


1)
The prevalence of inventive groups would increase significantly with the advent of the Internet;


2)
The prevalence of large innovative groups would be most substantially increased by the addition of the Internet in technological fields where large group innovation was already common prior to the implementation of the Internet; and


3)
The prevalence of workgroups with widely separated innovators would increase with the implementation of the Internet.

Evidence from patent records seems to bear out each of these hypotheses as described in the remainder of this section.

A.
Frequency of Inventive Groups Across All Technology Types
One lesson from the patent record is that innovation -- at least at the level producing patentable advances -- is now primarily a group process.  In order to assess the importance of innovative groups in producing patentable inventions, I evaluated bibliographic data from patents to determine the number of inventors associated with each utility patent issued in 1976 and in 2006, the average number of inventors associated with each patent in these years, and the frequency distribution of different invention group sizes.


1.
Inventor Groups in 1976

Inventor groups only accounted for a minority of inventions in 1976.  Almost 60 percent of all patented inventions were made by a single individual acting alone.  Where inventions were the work of two or more parties, the size of invention workgroups was small.  The average inventor group size for patents issued in 1976 was 1.67, while the median was 1.  The standard deviation of the inventor group size distribution was 0.999.  The frequency distribution of inventor group sizes was as follows:
	Table 1

	
	
	
	

	Invention Numbers by Group Size 1976

	
	
	
	

	Number of Inventors
	Frequency
	Percent
	Cumulative Percent

	 
	 
	 
	 

	1
	40998
	58.4
	58.4

	2
	17622
	25.1
	83.4

	3
	7456
	10.6
	94.1

	4
	2622
	3.7
	97.8

	5
	995
	1.4
	99.2

	6
	457
	0.7
	99.9

	7
	99
	0.1
	100

	 
	 
	 
	 

	Total
	70249
	100
	 



One surprising feature of these 1976 results was the small number of inventive groups of any substantial size.  Inventive groups of four or larger formed only about six percent of all inventors.  This suggests that the communication or coordination burdens of operating larger invention groups rarely seemed to be worth the potential benefits in this period.


2.
Inventor Groups in 2006


Inventor groups were much more prevalent in 2006.  Only 35.8 percent of all patents were made by one individual.  The average number of inventors associated with each patent issued in 2006 was 2.46 and the median number was 2.00.  More than 20 percent involved four or more inventors.  Hence, the problems of inter-inventor communication were associated with most of the innovation processes leading to patented inventions in 2006.  

The distribution of the inventor group sizes around this average had a standard deviation of 1.616, with the increase over the comparable figure of 0.999 in 1976 reflecting the greater range of workgroup sizes in 2006.  Table 2 summarizes the distribution of workgroup sizes for 2006:
	Table 2

	
	
	
	

	Invention Numbers by Group Size

	
	
	
	

	Number of Inventors
	Frequency
	Percent
	Cumulative Percent

	 
	 
	 
	 

	1
	62385
	35.8
	35.8

	2
	44696
	25.6
	61.4

	3
	30206
	17.3
	78.7

	4
	17244
	9.9
	88.6

	5
	9287
	5.3
	93.9

	6
	4843
	2.8
	96.7

	7
	3640
	2.1
	98.8

	8
	2024
	1.2
	99.9

	9
	138
	0.1
	100

	 
	 
	 
	 

	Total
	174463
	100
	 



Large invention groups of four members or larger were much more prevalent in 2006 than 1976.  These larger groups accounted for almost 25 percent of all inventions.  This suggests that larger groups were viewed as much more valuable in this period, either because the sustenance of invention efforts had moved into fields where the inputs of numerous contributors was necessary or because the communication and coordination burdens of operating these larger groups were diminished by 2006.

3.
Increasing Importance of Large Innovation Groups
While there were certainly more inventive groups at work in 2006 than in 1976 -- at least with respect to the types of projects successfully leading to patentable inventions -- there were more patents in 2006 than in 1976 generally.  Consequently, it is important to focus on the factional prevalence of groups of different sizes in these two years rather than the number of groups.  In order to study the prevalence of group innovation as a mode of technology advancement in these years, it is necessary to normalize the frequency counts reported above -- that is, to eliminate the effects of changes in patent system size.  This can easily be achieved by focusing on percentages of patents in these areas falling into various inventor group size categories (the percentage figures effectively consider the patent systems in these two years as if they were of equal size and then characterize the fractional breakdown of inventor group size counts for the patents issued in these two years).

Focusing on percentage figures rather than group counts produces the following:
	Table 3

	
	
	

	Group Size Comparison

	
	
	

	Inventors
	Percent 1976
	Percent 2006

	 
	 
	 

	1
	58.4
	35.8

	2
	25.1
	25.6

	3
	10.6
	17.3

	4
	3.7
	9.9

	5
	1.4
	5.3

	6
	0.7
	2.8

	7
	0.1
	2.1

	8
	0
	1.2

	9
	0
	0.1


This corresponds to the following histogram:
Figure 1
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A comparison of the percentage figures in Table 3 with a Chi-square test showed that there was a statistically significant difference in the distribution of inventor group sizes in 1976 and 2006 even after accounting for differences in numbers of patents in these years.  The Chi-square statistic for the difference between these percentages equals 222.741 with 8 degrees of freedom.  The two-tailed p value is less than 0.0001.

The findings summarized in tables 1, 2 and 3 support the hypothesis that the prevalence of inventive groups would increase significantly with the advent of the Internet.  Not only did the number of such groups increase substantially, but the prevalence of larger size groups increased as well.  This provides evidence of a probable impact of the Internet and other communication technologies across innovation in all types of technology categories.
 B.
Inventor Group Size Differences Across Technology Types


In both 1976 and 2006, the average inventor group size varied greatly for particular types of technologies.  The technology categories used in this study are primary technology categories defined by the United States Patent and Trademark Office (USPTO) and assigned to each issued patent.
  This portion of the present study looked at the 20 technology categories with the largest numbers of patents in 2006. 
  The average inventor group sizes and distributions for these 20 technology categories were analyzed for 2006 and 1976.  



1.
Inventor Groups in 1976


Table 4 summarizes the inventor group size data for 1976.  The average inventor group size for all patents in 1976 is included in this table at the position it would fall in the ordering of inventor group sizes (which is at the middle of the 20 technologies).  The technology codes reflect an effort by the author to organize the specific technologies mentioned into four main groups.
	Table 4

	
	
	
	
	
	

	Inventor Group Size by Technology Category 1976

	
	
	
	
	
	

	Technology Category
	USPTO Category Number
	Technology Code
	Rank in 1976
	Average Inventors in 1976
	Numbers of Patents 1976

	Chemistry: molecular biology and microbiology
	435
	C/B
	1
	2.32
	375

	Drug, bio-affecting and body treating compositions
	514
	C/B
	2
	2.26
	1264

	Drug, bio-affecting and body treating compositions
	424
	C/B
	3
	2.06
	411

	Image analysis
	382
	S
	4
	1.95
	80

	Semiconductor device manufacturing: process
	438
	CH
	5
	1.91
	275

	Stock material or miscellaneous articles
	428
	C/B
	6
	1.84
	922

	Multiplex communications
	370
	S
	7
	1.84
	135

	Active solid-state devices (e.g., transistors, solid-state diodes)
	257
	CH
	8
	1.82
	336

	Static information storage and retrieval
	365
	S
	9
	1.73
	218

	Radiant energy
	250
	M
	10
	1.68
	641

	Average All Patents
	NA
	NA
	NA
	1.67
	70249

	Computer graphics processing and selective visual display systems
	345
	S
	11
	1.66
	152

	Telecommunications
	455
	S
	12
	1.6
	231

	Electricity: measuring and testing
	324
	M
	13
	1.59
	471

	Optical: systems and elements
	359
	M
	14
	1.56
	419

	Pulse or digital communications
	375
	S
	15
	1.56
	130

	Optical waveguides
	385
	M
	16
	1.55
	91

	Measuring and testing
	73
	M
	17
	1.55
	1086

	Communications: electrical
	340
	M
	18
	1.52
	487

	Electrical connectors
	439
	M
	19
	1.43
	458

	Electrical computers and digital processing systems: multicomputer data transferring
	709
	CH
	NA
	2.75
	4

	
	
	
	
	
	

	Technology Code Key:
	C/B = Chemistry and Biology
	
	

	
	CH = Computer Hardware
	
	

	
	S = Software and Information Processing
	

	
	M = Mechanical
	
	
	


The last USPTO technology category in this listing (709 -- Electrical computers and digital processing systems: multicomputer data transferring) is not ranked for 1976 as it was not substantially used in this year (only 4 patents were recorded in this category in this 1976).  The same patterns in inventor group size that were noted for 2006 also prevailed in 1976.  Patented advances in chemistry and biology domains were pursued by innovation groups that were substantially larger than most other types of technologies.   Computer hardware advances stemmed from groups that were greater than average in size, although less so than chemistry and biology advances.   Software advances were pursued by groups at or below the average size.  Mechanical advances were also pursued by groups at or below the average size.


2.
Inventor Groups in 2006


The results of the inventor group analyses for 2006 are presented in Table 5.
	Table 5

	
	
	
	
	
	

	Inventor Group Size by Technology Category 2006

	
	
	
	
	
	

	Technology Category
	USPTO Category Number
	Technology Code
	Rank in 2006
	Average Inventors in 2006
	Number of Patents in 2006

	Drug, bio-affecting and body treating compositions
	514
	C/B
	1
	3.82
	3359

	Chemistry: molecular biology and microbiology
	435
	C/B
	2
	3.18
	3103

	Stock material or miscellaneous articles
	428
	C/B
	3
	3.06
	1950

	Drug, bio-affecting and body treating compositions
	424
	C/B
	4
	2.87
	2140

	Optical waveguides
	385
	M
	5
	2.86
	1972

	Semiconductor device manufacturing: process
	438
	CH
	6
	2.81
	4795

	Electrical computers and digital processing systems: multicomputer data transferring
	709
	CH
	7
	2.68
	2412

	Active solid-state devices (e.g., transistors, solid-state diodes)
	257
	CH
	8
	2.66
	4478

	Radiant energy
	250
	M
	9
	2.55
	2283

	Multiplex communications
	370
	S
	10
	2.51
	3806

	Average All Patents
	NA
	NA
	NA
	2.46
	174463

	Measuring and testing
	73
	M
	11
	2.39
	1913

	Electricity: measuring and testing
	324
	M
	12
	2.38
	1961

	Image analysis
	382
	S
	13
	2.34
	2299

	Optical: systems and elements
	359
	M
	14
	2.32
	2365

	Telecommunications
	455
	S
	15
	2.29
	4064

	Computer graphics processing and selective visual display systems
	345
	S
	16
	2.29
	2934

	Static information storage and retrieval
	365
	S
	17
	2.29
	2171

	Pulse or digital communications
	375
	S
	18
	2.26
	2383

	Communications: electrical
	340
	M
	19
	2.24
	2215

	Electrical connectors
	439
	M
	20
	2.05
	2287

	
	
	
	
	
	

	Technology Code Key:
	C/B = Chemistry and Biology
	
	

	
	CH = Computer Hardware
	
	

	
	S = Software and Information Processing
	

	
	M = Mechanical
	
	
	



Several patterns are apparent in this inventor group size data.  First, advances in "unpredictable sciences" such as chemistry and biology seem to involve especially large inventor groups.  Advances in these fields may be most effectively pursued by multiple researchers as no one person can project the implications of design choices in these fields.  Given this unpredictability and inability of one inventor to project a single design vision into a complex, functional design, numerous researchers may be needed to speculate on and test possible design directions.  In short, the lack of predictability in these fields may impede effective design efforts by one individual acting alone.  Similar considerations may limit the effectiveness of relatively small inventor groups.


Second, computer hardware design projects also seem to involve greater than average inventor group sizes, but less extensive groups than those working in the chemistry and biology fields.  Still, the size of the inventor groups was generally high, with an average of nearly three inventors per group in this field.  Hence, in this area also, the need to coordinate several inventors is also an important problem in this technology area. 


Third, at an opposite extreme, innovations that turn on information processing advances implemented through various types of computer software seem to involve particularly small inventor groups.  Technologies of this sort all involved less than average size inventor groups.  This suggests that innovation by a lone inventor or small innovation group may be more viable in software-related fields and that coordination and communication problems among innovators may be less substantial in these areas.


Finally, several types of innovation that involved mechanical engineering emerged from inventor groups with a wide variety of sizes.  While these types of advances all involved physical apparatus or materials design, particular fields may have demanded inputs from different numbers of specialists, thereby leading to different inventor group size needs.  Alternatively, the incomplete conceptualization of some of these fields due to their recent development (for example, optical waveguide designs) may cause them to be much like the unpredictable sciences of chemistry and biology for purposes of group formation and inventive group size.  If this is the case, these developing fields may tend to need larger invention groups for the same reasons as the chemistry and biological research fields.



3.
Changes in Inventor Group Size from 1976 to 2006


Table 6 presents the changes in inventor group size averages between 1976 and 2006 for the 20 technology categories studied.  The average inventor group for all patents increased in size over this period from 1.67 to 2.46.  Overall, invention group size patterns in 1976 and 2006 were similar.  This is reflected in the fact that most of the top ranked categories in 2006 were also high ranked in 1976.  The exceptions were the categories involving optical waveguides and measuring and testing technologies, which moved up substantially in the rankings, and image analysis, static information and storage technologies, and computer graphics processing and selective visual display systems, which moved down up substantially in the group size rankings between 1976 and 2006.  Differences in design principles or methodologies in these fields between 1976 and 2006 may explain the changes in average inventor group sizes in later years, but these sorts of domain-specific analyses are beyond the scope of this study.

	Table 6

	
	
	
	
	
	
	

	Inventor Group Size by Technology Category 1976 to 2006

	
	
	
	
	
	
	

	Technology Category
	USPTO Category Number
	Technology Code
	Rank in 2006
	Rank in 1976
	Average Inventors in 2006
	Average Inventors in 1976

	Drug, bio-affecting and body treating compositions
	514
	C/B
	1
	2
	3.82
	2.26

	Chemistry: molecular biology and microbiology
	435
	C/B
	2
	1
	3.18
	2.32

	Stock material or miscellaneous articles
	428
	C/B
	3
	6
	3.06
	1.84

	Drug, bio-affecting and body treating compositions
	424
	C/B
	4
	3
	2.87
	2.06

	Optical waveguides
	385
	M
	5
	16
	2.86
	1.55

	Semiconductor device manufacturing: process
	438
	CH
	6
	5
	2.81
	1.91

	Electrical computers and digital processing systems: multicomputer data transferring
	709
	CH
	7
	NA
	2.68
	2.75

	Active solid-state devices (e.g., transistors, solid-state diodes)
	257
	CH
	8
	8
	2.66
	1.82

	Radiant energy
	250
	M
	9
	10
	2.55
	1.68

	Multiplex communications
	370
	S
	10
	7
	2.51
	1.84

	Average All Patents
	NA
	NA
	NA
	NA
	2.46
	1.67

	Measuring and testing
	73
	M
	11
	17
	2.39
	1.55

	Electricity: measuring and testing
	324
	M
	12
	13
	2.38
	1.59

	Image analysis
	382
	S
	13
	4
	2.34
	1.95

	Optical: systems and elements
	359
	M
	14
	14
	2.32
	1.56

	Telecommunications
	455
	S
	15
	12
	2.29
	1.6

	Computer graphics processing and selective visual display systems
	345
	S
	16
	11
	2.29
	1.66

	Static information storage and retrieval
	365
	S
	17
	9
	2.29
	1.73

	Pulse or digital communications
	375
	S
	18
	15
	2.26
	1.56

	Communications: electrical
	340
	M
	19
	18
	2.24
	1.52

	Electrical connectors
	439
	M
	20
	19
	2.05
	1.43

	
	
	
	
	
	
	

	Technology Code Key:
	C/B = Chemistry and Biology
	
	
	

	
	CH = Computer Hardware
	
	
	

	
	S = Software and Information Processing
	
	

	
	M = Mechanical
	
	
	
	



All of the technology groups for which substantial data were available (the 709 group did not involve a substantial number of patents in 1976 and changes in this category were ignored accordingly) showed substantial increases in average innovation group size between 1976 and 2006.  This indicates that the benefits of the communication and other resource improvements over these years were felt in all technology categories.


The similar ordering of inventor group size rankings for most of the 20 technology classes suggests that the same technology-specific advantages of group work were operative in 2006 and 1976.  For most technology categories, the largest inventive groups (on average) were found in the same technology categories in 1976 and 2006.  This suggests that the technology-specific advantages of larger inventive groups in 1976 carried over, for the most part, into 2006 and caused researchers in most of the 20 technologies studied to seek to increase their inventor group sizes with similar vigor in these years.


However, the degree of growth in inventor group size from 1976 to 2006 was not equal across all the technology categories under study.  Table 7 shows the ratios of average inventor group sizes for 2006 relative to 1976.   The technology classes are listed in descending order of their growth ratio.  The amount by which a ratio exceeds 1.0 reflects the percentage increase in the average inventor group size over between these years.  For example, the ratio of 1.47 for all patents indicates that the 2006 average group size was 47 percent larger than its 1976 counterpart.  Many of the technology categories under study had growth rates at or near the average figure.  

	Table 7

	
	
	
	
	
	

	Group Size Grownth Rates 1976 to 2006

	
	
	
	
	
	

	Technology Category
	USPTO Category Number
	Technology Code
	Average Inventors in 2006
	Average Inventors in 1976
	Ratio of  Averages

	Optical waveguides
	385
	M
	5
	17
	1.85

	Drug, bio-affecting and body treating compositions
	514
	C/B
	1
	3
	1.69

	Stock material or miscellaneous articles
	428
	C/B
	3
	7
	1.66

	Measuring and testing
	73
	M
	11
	18
	1.54

	Radiant energy
	250
	M
	9
	11
	1.52

	Electricity: measuring and testing
	324
	M
	12
	14
	1.50

	Optical: systems and elements
	359
	M
	14
	15
	1.49

	Communications: electrical
	340
	M
	19
	19
	1.47

	Average All Patents
	NA
	NA
	NA
	NA
	1.47

	Semiconductor device manufacturing: process
	438
	CH
	6
	6
	1.47

	Active solid-state devices (e.g., transistors, solid-state diodes)
	257
	CH
	8
	9
	1.46

	Pulse or digital communications
	375
	S
	18
	16
	1.45

	Electrical connectors
	439
	M
	20
	20
	1.43

	Telecommunications
	455
	S
	15
	13
	1.43

	Drug, bio-affecting and body treating compositions
	424
	C/B
	4
	4
	1.39

	Computer graphics processing and selective visual display systems
	345
	S
	16
	12
	1.38

	Chemistry: molecular biology and microbiology
	435
	C/B
	2
	2
	1.37

	Multiplex communications
	370
	S
	10
	8
	1.36

	Static information storage and retrieval
	365
	S
	17
	10
	1.32

	Image analysis
	382
	S
	13
	5
	1.20

	Electrical computers and digital processing systems: multicomputer data transferring
	709
	CH
	7
	1
	0.97

	
	
	
	
	
	

	Technology Code Key:
	C/B = Chemistry and Biology
	
	

	
	CH = Computer Hardware
	
	

	
	S = Software and Information Processing
	

	
	M = Mechanical
	
	
	


However, advances involving optical waveguides, drug, bio-affecting and body treating compositions, and stock material or miscellaneous articles showed group size growth rates that were substantially higher than average, suggesting that group efforts in these areas were particularly advantaged by the communications and other resource changes between 1976 and 2006.  In contrast, the inventor group size growth rates for advances involving multiplex communications, static information storage and retrieval, and image analysis advances were particularly small relative to the average levels for all patents, suggesting that these sorts of advances were not advantaged by the resource changes between 1976 and 2006 as other types of advances.

The findings reflected in Table 7 do not support the hypothesis the prevalence of large innovative groups would be most substantially increased by the addition of the Internet in technological fields where large group innovation was already common prior to the implementation of the Internet.  The highest growth rates shown in Table 7 were found not for those technology categories with the highest average group sizes in 1976 (as indicated by the rankings for that year), but rather in technology in the middle to bottom of the size rankings.  The categories with the top size rankings in 1976 experienced some of the lowest growth rates, suggesting that already large groups were subject to size limits that were not as much influenced by the Internet and other communication enhancements as those technology categories with relatively small invention groups in 1976.  This may reflect that, even with the communications enhancements of the Internet and other new resources implemented between 1976 and 2006, participants in relatively large innovative groups were still more impeded by communications complexity and coordination problems in adding one or more members to their groups than were their small group counterparts.


C.
Distribution of Group Sizes Across Technologies

The distributions of group sizes for particular technologies also varied substantially.  The standard deviation figures for the distribution of inventor group sizes for particular technologies indicates the width or spread of group sizes for these technologies.  Table 8 lists the standard deviations for the 20 categories under study.  The entries in this table are listed in descending order for the standard deviations in 2006, meaning from the technology category with the greatest spread or variation in invention group sizes in that year down to the least variation.

	Table 8

	
	
	
	
	

	Group Size Standard Deviations in 1976 and 2006

	
	
	
	
	

	Technology Category
	USPTO Category Number
	Technology Code
	Standard Deviation 2006
	Standard Deviation 1976

	Drug, bio-affecting and body treating compositions
	514
	C/B
	2.12
	1.29

	Chemistry: molecular biology and microbiology
	435
	C/B
	1.78
	1.38

	Stock material or miscellaneous articles
	428
	C/B
	1.74
	1.05

	Semiconductor device manufacturing: process
	438
	CH
	1.72
	1.09

	Optical waveguides
	385
	M
	1.70
	0.85

	Active solid-state devices (e.g., transistors, solid-state diodes)
	257
	CH
	1.69
	1.00

	Drug, bio-affecting and body treating compositions
	424
	C/B
	1.68
	1.19

	Electrical computers and digital processing systems: multicomputer data transferring
	709
	CH
	1.64
	1.50

	Radiant energy
	250
	M
	1.62
	0.96

	Average All Patents
	NA
	NA
	1.62
	1.00

	Multiplex communications
	370
	S
	1.55
	1.04

	Optical: systems and elements
	359
	M
	1.53
	0.92

	Measuring and testing
	73
	M
	1.53
	0.89

	Image analysis
	382
	S
	1.52
	1.32

	Electricity: measuring and testing
	324
	M
	1.50
	0.87

	Computer graphics processing and selective visual display systems
	345
	S
	1.50
	0.91

	Telecommunications
	455
	S
	1.49
	1.01

	Static information storage and retrieval
	365
	S
	1.49
	0.98

	Communications: electrical
	340
	M
	1.48
	0.85

	Pulse or digital communications
	375
	S
	1.40
	0.84

	Electrical connectors
	439
	M
	1.27
	0.69

	
	
	
	
	

	Technology Code Key:
	C/B = Chemistry and Biology
	

	
	CH = Computer Hardware
	

	
	S = Software and Information Processing

	
	M = Mechanical
	
	


The distributions for the 20 categories of technologies show markedly different patterns.  The histograms for all 20 categories are reproduced in Appendix A.  A few examples of these differences in size distributions are summarized here.


At least three patterns are present in the group size distributions.  Some technologies -- particularly those related to biology and chemistry advances -- reflected substantial variations in group sizes in 1976 with even broader variations in 2006.  This pattern is illustrated by the following group size histogram for the USPTO primary technology category 435 covering molecular biology and microbiology advances:

Figure 2
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This distribution clearly indicates the substantial importance of inventive groups in this area as far back as 1976, but the even greater prevalence of large group efforts by 2006.


A second pattern present among several technologies -- particularly advances associated with computer hardware designs -- involved few group innovations in 1976, but a substantial shift to these group advances by 2006.  For example, this pattern was present for category 455 covering telecommunications advances:

Figure 3
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Apparently in this and other fields with this pattern, the merits of group innovation only became clear with the advent of new communications technologies or other resources -- or different engineering methods or concepts -- newly available between 1976 and 2006.


Finally, in at least one technology area the increases in group innovation from 1976 to 2006 were small.  This type of pattern was present for category 439 covering electrical connectors:

Figure 4
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In this electrical field, where design principles are relatively predictable, a single inventor or a small group of inventors can project a broad set of design consequences.  With this level of predictability and the consequent ability of one inventor to project the consequences of complex design choices, the advantages of group innovation appear to have been far less than in some other fields, both in 1976 and in 2006.  However, even here, there was some increase in the prevalence of small size inventor groups between 1976 and 2006.


D.
Impacts of Communication Advances in Enhancing the Effectiveness of Innovation Groups Across Great Distances


Interactions between innovators located at substantial distances from each other present especially difficult problems for innovation group managers.  These problems were summarized by a group of recent analysts as follows:

It is generally accepted that people work together best when they are physically collocated.  Physical collocation facilitates communications, and therefore collaboration, that is responsive, efficient and spontaneous.  Physical collocation in today's business world is not, however, generally practical even when workers are employed by the same company.  The stresses associated with travel and commuting often prevent or impair the efficiency of bringing co-workers into physical collocation in order to facilitate job function.

Modern telecommunications services facilitate collaboration among co-workers. Services such as the Public Switched Telephone Network (PSTN), the Internet, and related services such as facsimile, electronic mail, instant messaging, one-way and two-way paging services all contribute to enable and facilitate collaboration.  As currently available, however, such services are not optimized to facilitate collaboration between team members.


The degree to which distant displacement is a continuing barrier to effective innovation was a further focus of the present project.  To study this, samples of 400 randomly selected patents from each of the years 1976 and 2006 were assessed to determine the prevalence of inventor groups with at least one member who was sufficiently distant from other group members so as to probably preclude regular face-to-face interactions.  The aim of this study was to determine whether changes in communication resources between 1976 and 2006 enabled greatly displaced groups to work more effectively.


For patents with two or more inventors and at least one inventor located in the United States,
 the location of the inventors (as determined from the city locations indicated for the inventors in the patents) were assessed to determine if any inventor was more than 40 miles distant from the other members of the group.
  If all the inventors in a group were located within 40 miles of each other, the patent was coded as involving "nearby" inventors.  If at least one inventor was more than 40 miles from other members of the group, the patent was coded as involving "distant" inventors.  All patents involving one or more United States inventors and one or more foreign inventors were coded as "distant."  For patents involving groups of United States inventors, the distance between inventors was determined from the Google Maps web site, which reports the shortest driving distance between two points.


The results of these analyses are summarized in Table 9:

	Table 9

	
	
	
	
	

	Group Displacement Comparison

	
	
	
	
	

	Group Type
	Number 1976
	Number 2006
	Percent 1976
	Percent 2006

	 
	 
	 
	 
	 

	Nearby
	77
	97
	87.5
	72.4

	Distant
	11
	37
	12.5
	27.6


There was some increase in distant inventor groups between 1976 and 2006, but that the fraction of inventor groups with distant inventors only increased modestly and was small in both years.  The percentage of groups with at least one physically remote inventor increased from 12.5 percent to 26.5 percent between 1976 and 2006.  The Chi-square statistic for the percentages of nearby and distant inventor groups for these years equals 20.847 with 1 degree of freedom.  This corresponds to a two-tailed p value of less than 0.0001, meaning that there is a statistically significant difference between the prevalence of nearby and distant inventor groups in 1976 and 2006.  This indicates that the communication and other resource differences over this period appear to be facilitating a statistically significant difference in the amount of effective work conducted by innovation groups at a distance.  Hence, these findings support that hypothesis that the prevalence of workgroups with widely separated innovators would increase with the implementation of the Internet.

However, the impact of the Internet seems to have been relatively small in terms of the prevalence of innovation groups with widely separated members.  In both years studied, the great bulk of invention workgroups were ones with physically proximate co-inventors, apparently reflecting the continuing difficulty of effective interactions across greater distances.  These findings support the notion that pure electronic communications may only rarely be enough to support the many types of complex and detailed interactions needed to conduct group innovation, at least at the level of patentable advances.

V.
Conclusion


The results of this study confirm the substantial growth in inventive group numbers and size in the production of patentable inventions.  These findings have implications for the training of engineers, the management of high tech projects, and the administration and development of patent law.


A.
Training of Engineers and Scientists


For engineers and scientists who will comprise most of the parties working on high tech development projects, the importance of group interaction skills are clear from the findings of this project.  Innovation projects at the highest levels – that is, projects leading to patentable advances -- are increasingly pursued through group efforts.  The size of the groups needed to produce successful discoveries of patentable advances is increasing.  Commercial entitles and universities that are strongly interested in advancing commercially significant projects through the development of patentable technologies will also be interested in identifying and involving persons who can work well with or, better yet, lead innovation teams.  This emphasis on group projects will be particularly strong in fields like biology and chemistry where large group innovation has been predominant for many years.


B.
Technology Project Management


As projects go forward, the importance of involving and coordinating the efforts of multiple contributors is also clear.  This suggests several implications for technological project management.  Teams with the right mix of participants -- that is, with parties who bring complementary expertise or skills to the project and can apply them in a coordinated fashion -- will tend to advance their efforts more quickly and effectively than teams that must identify and assemble needed expertise in the midst of a design projects.  Also, where team efforts involve stages of design creation building on the partial work of prior stages, effective communication of work allocations and partial design results will keep group projects moving ahead with the least possible wasted time and effort.  Management techniques and skills needed to achieve these sorts of efficient group efforts should be primary focuses of management training and improvement.


The challenge of effectively managing technology projects among groups spread across considerable distances appears to remain an important barrier to effective group action.  The findings of this study regarding the physical separation of members of innovation groups suggest that by far the most common model of group innovation is through regular face-to-face interactions.  Even with the advantages of communication technologies such as the Internet, the fraction of innovation groups working at long distances to produce patentable advances remains small.  Group management practices for technology projects should be improved to make more effective use of design expertise and skills spread at a distance so as to achieve the same sorts of inventive design successes in physically remote groups that are increasingly present in physically proximate groups.


C.
Patent Law Implications


For patent law practitioners, the importance of group innovation and associated legal issues in the coming years is clear.  The evidence presented in this study indicates that most patents are based on joint inventorship and involve the sorts of joint ownership issues that can make patent enforcement particularly complex.  In carefully operated organizational environments where all the relevant innovators work for the same company or organization, the use of patent assignment agreements may simplify joint ownership problems by transferring all fractional ownership interests in a particular patent to one corporate or organizational owner.  However, where all of the necessary patent assignments are not obtained due to administrative mistakes or where outsiders who are not part of a pre-arranged system of patent assignments are part of a group of co-inventors, convenient means to assemble full ownership of a patent in one party may not be present.  In such circumstances, owners of partial patent interests may be subject to holdups by a co-owner who insists on being bought out on favorable terms on threat of resisting or interfering with some commercial venture in which the relevant patent is expected to play a key part.


Resolving joint inventorship questions and associated patent ownership problems may be particularly difficult as the size and complexity of innovation groups grows.  The present study indicates that both the number and size of innovative groups producing patented inventions increased substantially between 1976 and 2006 and there is no reason to believe that further growth will not occur in the future.  In addition, the range of technologies in which group innovation is a significant factor seems to be on the rise, spreading the contexts where joint inventorship problems will be increasingly common.  The growing significance of joint inventors as confirmed by this project indicates the corresponding importance of joint inventorship laws and the need for renewed attention to legal standards in this area.  These findings also highlight the importance of management practices for technology development projects that avoid legal uncertainties about the identity of co-inventors and patent owners as much as possible.  Without care in these methods, technology innovators may face highly unwelcome surprises in joint inventorship determinations once patents are in dispute in legal analyses.  


In sum, group innovation presents technological promise, management challenges, and legal uncertainties for the future.  Attention now to these factors will strengthen the certainty and impact of patent-influenced incentives shaping the development of new technologies through increasingly important collaborative efforts. 
Appendix A

Comparison of 1976 and 2006 Inventor Group Sizes 

for USPTO Primary Technology Categories


This appendix compares the distributions of inventor group sizes for the 20 USPTO Primary Technology Categories with the greatest numbers of utility patents in 2006.  For each primary category (as listed in the title of the following charts), the percentages of inventions with each inventor group size are shown for both 1976 and 2006.  Categories are presented in descending order of the number of utility patents in the categories in 2006.
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Chi-square = 44.326 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level
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Chi-square = 70.925 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level
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Chi-square = 82.220 with 6 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level
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Chi-square = 30.143 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image6.emf]514 -- Drug, Bio-Affecting and Body Treating Compositions
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Chi-square = 48.546 with 5 degrees of freedom, indicating the difference in percentages is significant at the p<.01 level
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Chi-square = 25.131 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image8.emf]345 -- Computer Graphics Processing and Selective Visual Display Systems
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Chi-square = 2879.282 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image9.emf]359 -- Optical: Systems and Elements
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Chi-square = 48.591 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image10.emf]375 -- Pulse or Digital Communications
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Chi-square = 458.187 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image11.emf]709 -- Multicomputer Data Transferring
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[image: image12.emf]250 -- Radiant Energy
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Chi-square = 69.555 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image13.emf]340 -- Communications: Electrical
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Chi-square = 70.239 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image14.emf]382 -- Image Analysis
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Chi-square = equals 20.657 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image15.emf]439 -- Electrical Connectors 
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Chi-square = 1095.882 with 5 degrees of freedom., indicating that the difference in percentages is significant at the p<.01 level

[image: image16.emf]365 -- Static Information Storage and Retrieval 

0

10

20

30

40

50

60

70

1 2 3 4 5 6

Number of Inventors

Percent of Patents

1976 Percent

2006 Percent


Chi-square = 25.500 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image17.emf] 424 -- Drug, Bio-Affecting and Body Treating Compositions 
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Chi-square = 37.195 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image18.emf]73 -- Measuring and Testing 
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Chi-square = 82.017 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image19.emf]324 -- Electricity: Measuring and Testing 
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Chi-square = 89.835 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image20.emf] 385 -- Optical Waveguides 
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Chi-square = 1811.795 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level

[image: image21.emf] 428 -- Stock Material or Miscellaneous Articles 
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Chi-square = 100.613 with 5 degrees of freedom, indicating that the difference in percentages is significant at the p<.01 level
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