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Abstract

We formulate a simple model of optimal defensive disclosure by a monopolist facing

uncertain antitrust enforcement and test its implications using unique data on defensive

disclosures and patents by IBM during 1955-1989. Our results indicate that stronger

antitrust enforcement leads to more defensive disclosure, that quality inventions are

disclosed defensively, and that defensive disclosure served as an alternative but less

successful mechanism to patenting at IBM in appropriating returns from R&D. (JEL

K21, L40, M10, O32, O34)
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1 Introduction

Patent law provides exclusivity in exchange for knowledge disclosure. Some large firms,

however, have for decades disclosed patentable inventions defensively, sacrificing ex-

clusivity. Extant theories conceive of novel mechanisms through which such disclosure

helps firms eventually establish exclusivity on a more valuable invention (e.g., Baker and

Mezzetti 2005). Such theories assume that much is known to rivals engaged in a patent

race about each others’ progress. Their implications often concern project-level success,

are difficult to test, and arguably do not capture the real motive behind programmatic

defensive disclosure. That is, what these theories overlook are the institutional rea-

sons for setting up, scaling up, and shutting down defensive disclosure programs that

transcend strategic considerations about project-level outcomes.

We study the life-cycle of a defensive disclosure program, albeit at one firm, in rich

detail and uncover a tradeoff between the exclusivity afforded by patent protection and

the cost of potential antitrust action. The value of patents is eroded under the threat

of antitrust action, which limits a firm’s ability to enforce its patents and appropriate

returns. Consequently, the threat of antitrust action provides a motive for defensive

disclosure of patentable subject matter, which preserves the freedom to use inventions

by avoiding holdup due to rivals’ patenting, although at the expense of exclusivity.

We study IBM’s defensive disclosure program for its significant size, scope, span,

the many antitrust cases it faced, the changes to U.S. patent law during the period, the

availability of disclosure and patent data, the accessibility of former R&D directors of

IBM directly involved in decision making, and the dramatic shifts in IBM’s disclosure,

patenting, and licensing revenue trends during the period.

We find that IBM embarked on a science-oriented strategy of growth since the first

antitrust case in the 1930s; began disclosing many inventions defensively in response to

the second antitrust action in the mid 1950s; scaled up the defensive disclosure program

when the third antitrust case against IBM began in 1969; and sustained the program

through the European Commission’s case that began in 1980. IBM rapidly scaled down

the disclosure program in the 1990s as the U.S. and E.C. cases against IBM ended.

IBM’s internal incentives for rewarding its researchers, setup during the early years

of the disclosure program, brought parity between disclosures and patents by rewarding
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each disclosure with a third-of-a-patent points and contributed to the scale of disclosure

activity. IBM’s inability to appropriate returns from significant R&D expenditures

threatened the future of its central research lab and led to significant changes in the

management of R&D in 1990 that laid the ground for the company’s turn around. We

present a theoretical model to explain patterns of defensive disclosure, patenting, and

R&D investment at IBM during 1955-1989.

In the stylized model, a monopolist’s optimal R&D investment is determined by

a tradeoff between the expected value of an invention due to patent protection and

the expected loss of value from antitrust action. Consequently, inventions are more

likely to be disclosed defensively under the threat of antitrust action and only half of

the inventions are patented when the antitrust action is certain to occur, even if the

antitrust fine is small. In addition, in the model the quality of invention is unrelated

to the probability of patenting, which implies that high-quality inventions are just as

likely to be defensively disclosed as low-quality inventions.

In regression models at the firm- and inventor-level, we confirm the theoretical pre-

dictions. We show that during the period of the third antitrust action significantly more

inventions were disclosed defensively compared to the earlier period.

We examine other empirical findings consistent with our theory. Yale and Carnegie

Mellon innovation surveys of high-level R&D executives have found patents to be among

the least effective mechanisms for appropriating returns from R&D (Levin et al. 1987

and Cohen et al. 2000). We highlight the role played by stronger antitrust enforcement

against large R&D intensive firms in the U.S. in rendering patents ineffective and ex-

amine one alternative mechanism, namely defensive disclosure, adopted by IBM as a

substitute for patenting.

The study also clarifies why the recent surge in patenting in the U.S. is not ac-

companied by a commensurate rise in R&D expenditures or innovative activity as IBM

substituted away from defensive disclosure toward patenting without raising R&D ex-

penditures (e.g., Jaffe and Lerner 2004, Bessen and Hunt 2007). Finally, we discuss the

similarities between the case of IBM and Xerox disclosure programs and the validity of

our results more generally.

The paper is organized as follows. Historical background information related to

defensive disclosure programs and the shifts in the antitrust regime in the U.S. are
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presented in the next section. The case of IBM is developed in the third section. A

theoretical model is presented in the fourth section. Its implications are tested in the

next section. The article concludes in the final section.

2 Background

2.1 Defensive Disclosures

Defensive disclosures are patentable inventions that firms disclose without seeking patent

rights. Such disclosures are short technical descriptions of inventions and hence inexpen-

sive to draft as opposed to patents. They are typically reported in a technical journal

targeted at the U.S. Patent Office, which helps accurately establish the date of prior

art. Defensive disclosures often do not contain the firm and inventor names.

Prior theoretical literature has proposed several explanations for defensive disclosure

by the trailing firm in an innovation race (e.g., Parchomovsky 2000, Lichtman et al.

2000, Baker and Mezzetti 2005, Bar 2006). Since defensive disclosure resets the prior

art, it can potentially prolong an innovation race by preventing the leader from reaching

the threshold level of patenting. These explanations are not consistent with the fact that

defensive disclosure has been a leading-firm phenomenon. Since large R&D intensive

firms have primarily maintained defensive disclosure programs, theories of why leading

firms disclose have also been proposed (Gill 2008). Disclosure by the leader demonstrates

commitment to a research program and can discourage rival’s entry. However, firms

are increasingly disclosing anonymously making it difficult to infer commitment. Other

theories have incorporated into such models of commitment through strategic disclosure

strategic disadvantages of disclosure due to spillovers (Jansen 2006).

A separate theoretical literature has explored the merits of trade secrecy and patent-

ing but not defensive disclosure (e.g., Horstmann et al. 1985, Anton and Yao 2004,

Kultti et al. 2007). In the empirical literature, Henkel and Pangrel (2008) collate

wide-ranging responses of 44 patent professionals at 37 German industrial firms in an

exploratory study of defensive disclosure. One such response is that low quality in-

ventions are disclosed defensively following a cost-benefit analysis. Intuitive as such

propositions may be, they have not been weighed against the data.
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We depart from the above literature in our emphasis on defensive disclosure pro-

grams rather than optimal invention- or project-level disclosure strategies as well as

our emphasis on the role of antitrust action in precipitating defensive disclosure. In

doing so we build on a long tradition of research in economics and law examining the

tension between patent and antitrust laws. While the patent law grants temporary

market power to reward innovation, the antitrust law limits market power afforded by

patent protection. Prior literature has focused on the implications of this tension for

merger policy as well as for regulating dynamic R&D competition (Carlton and Gertner

2003). Prior work has also examined the impact of uncertain antitrust enforcement on

firm behavior such as collusion (e.g., Block et al. 1981). However, we are not aware of

empirical studies examining the impact of antitrust enforcement on a firm’s incentive

to patent or disclose.

We begin by exploring the origins of defensive disclosure programs historically to

support our argument that antitrust policy was instrumental in the emergence of corpo-

rate research laboratories in the U.S. and the evolution of their patenting and disclosure

strategies.

2.2 Antitrust and the Origins of Corporate R&D Labs

During the formative period of the antitrust policy in the United States, from 1890 to

1930, innovation provided a defense for dominant firms against antitrust action (Hart

2001). Corporate research labs were set up during this period: General Electric set

up an R&D lab in 1900; Du Pont in 1902; AT&T during 1910-1912; Eastman Kodak

in 1910; and Westinghouse in 1916. However, the ascension of Thurman Arnold to

the antitrust division in 1938 heralded a new era of aggressive antitrust policy against

large firms with patent portfolios and against patent pools, where cases were settled

by consent decrees mandating compulsory patent licensing (Usselman 2009). Hounshell

and Smith (1988) note that he viewed corporate labs taking out patents as an abuse of

power. The number of antitrust cases in the U.S. increased from 57 during 1935-1939 to

223 in the next five years (Posner 1970). Large firms found it difficult to grow through

acquisitions in this era and began to expand internal R&D as a strategy for growth,

which is reflected in the diversification of Du Pont’s R&D program in the late 1940s
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(Hounshell and Smith 1988).

During the early period large R&D intensive firms also began disclosing research

results in their own newly created technical journals. General Electric published Gen-

eral Electric Company Review during 1903-1958, AT&T published Bell Labs Technical

Journal during 1922-1983, and Westinghouse published Electric Journal since 1904-1939

and Westinghouse Engineer in later decades. In Europe, Philips opened its central lab

in 1914 and published Philips Technisch Tijdschrift, during 1936-1989. Such corporate

journals fostered an academic environment and helped attract doctorates to join cor-

porate research labs. In response to the changing antitrust climate, by the late 1930s

firms began to search for alternatives to patenting. Discussing the shifting trends in

industrial research in the U.S. during 1899-1946, Mowery and Rosenberg (1989:73) note:

“Appropriability concerns, reflected in the drive to strengthen patent posi-

tions through internal development or acquisition of innovations, played an

important role in the early development of industrial research. With the

growth of in-house research, however, patents appear to have declined some-

what in importance within the research strategies of some of the corporate

pioneers of industrial research... Both Eastman Kodak and AT&T, for ex-

ample, which had placed great emphasis on patent strategies in the early

years of development of their industrial research strategies, increasingly fo-

cused on developing a strong knowledge base through in-house research and

gave less weight to patents.”

Consequently, firms began to disclose defensively. While we do not know historically

which firm first began disclosing defensively its patentable inventions, IBM’s disclosure

program provides an exemplary case of such programs, which we elaborate next.

3 A Case Study of IBM’s Disclosure Program

3.1 Antitrust, R&D, and Technical Disclosure Bulletin

IBM faced its first antitrust case in 1932. Soon after it followed many leading firms at

the time by adopting a science-oriented strategy of growth. IBM began expanding its

in-house R&D by opening a research lab in Endicott, New York, the next year. After the
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war, IBM created a department of pure science to deepen focus on scientific research.

In 1952, the second antitrust case against IBM began. IBM established the San Jose

laboratory to focus on less-directed research the same year. Thomas Watson Jr. also

initiated an organizational change, which led to a Research department directed by a

physicist Emanuel Piore (see for a historical treatment, Usselman 2009).

The second case ended in 1956 with a consent decree, which placed restrictions on

IBM’s patent portfolio. IBM was ordered to ‘grant to each person making a written

application, an unrestricted, nonexclusive license to use any, some, or all of IBM’s

existing and future patents without any restrictions.’ In response, IBM adopted a

policy of ‘freedom of action,’ according to which IBM would continue to increase its

investment in R&D and disclose inventions to preserve the freedom to use them by

preventing others from patenting them in the future. To do so, IBM expanded its R&D

investment, opened a new lab in 1956, and began publishing the ‘IBM Journal of R&D’

in 1957. IBM’s R&D expenses doubled during 1952-1956 and increased from 10 to 50

as a percentage of net income during 1948-1960.

IBM’s R&D staff increased from 105 in 1956 to 898 doctorates in 1960 when Emanuel

Piore directed the lab (National Research Council 1956-1990). The number of physicists

alone increased from one in 1946 to 11 in 1956 and 328 in 1960, the year IBM opened

its T.J. Watson Research Center. The number of doctorates at IBM, including some

auxiliary staff, increased marginally to 1250 in 1977, 1600 in 1986, and dropped to 1000

in 1990. In 1962, IBM started awarding its most exceptional researchers the title ‘IBM

Fellow.’

These investments in R&D dollars and personnel translated into research output,

which began to be disclosed defensively, as one distinguished IBM researcher noted

about the development of relational databases (McJones 2009):

“Since we were in the research division of IBM, our philosophy of research

was to publish our results in the open literature...The project was not a

secret and, in fact, we’d been telling everybody about it that would listen.”

In 1958, IBM started publishing the ‘IBM Technical Disclosure Bulletin’ dedicated to

defensive disclosures targeted at the U.S. Patent Office. The Technical Disclosure Bul-

letin became an increasingly attractive venue for the researchers as Technical Disclosures
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were rewarded with a third-of-a-patent points where as scientific publications earned

zero points. IBM proactively pursued the defensive disclosure policy as elaborated by

a former executive, Sarasohn (1973):

“Used in a planned and judicious manner, the journal can serve to measure

the merit of the work being performed in a laboratory. Its value stems, first

of all, from the formulation of a publication strategy as an integral part of

each significant technical project. This means that the manager, whether he

be a research director, chief engineer, project leader, or department head,

must make a conscious and deliberate plan, that takes effect with the start of

the work, which implements the expectation of authorship along with other

elements that make up the technical undertaking. This strategy should iden-

tify the areas of the work for which publication is permissible and expected,

and those that must be restricted for valid security, proprietary, or business

reasons. Even in the latter case, provision should be made for periodic review

to determine when restricted information can be released for publication.”

The third case against IBM was filed during the last days of Lyndon B. Johnson’s

administration in early 1969, much to Watson Jr.’s surprise and sudden deterioration

of his health (Usselman 2009). The case charged IBM of monopolizing the data pro-

cessing industry and contemplated divorcement, divestiture, reorganization, and other

relief measures. Four private suits were also filed in 1969 by IBM’s competitors, Control

Data, Data Processing Financial & General, Applied Data Research, and Programmat-

ics Research, alleging violation of antitrust laws, which led to the early exit of Watson

Jr. from IBM (Usselman 2009). These cases further strengthened IBM disclosure pro-

gram. The case in the U.S. ended formally in 1982 but the European Commission (E.C.)

pursued it formally starting in 1980. IBM and the E.C. reached an understanding in

1984, which required IBM to disclose information necessary for the interoperability of

rival products with IBM’s products until the next five years.

3.2 IBM Technical Disclosure Bulletin

Researchers at IBM submitted their inventions to decentralized review committees com-

posed of technical and legal members, which decided whether to patent, disclose defen-
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sively, or do nothing. We collected data from the ‘Table of Contents’ section of the

monthly IBM Technical Disclosure Bulletins for the period 1976-1984 and from IP.com,

an online repository of such disclosures, for the remaining period of 1958-1998. IBM

stopped disclosing the names of researchers since 1985 in the Bulletin but fortuitously

IP.com’s database constructed in the late 1990s contains these names. Our data contain

the names of the inventors and the title and date of invention. We also collected data on

IBM patents from the U.S. Patent Office web site for all patents issued after 1975. We

identified patents issued earlier using announcements of recently issued IBM patents in

the monthly issues of IBM Journal of R&D. We used these patent numbers to obtain

current patent classification and issue dates from the U.S. Patent Office web site and

appended patent filing dates using Google Patent Search. We used contemporary press

accounts to measure patent license revenues.

The time paths of disclosures, patents, and licensing revenues are shown in Figure 2.

During 1958, 378 inventions were filed for patenting and 119 inventions were disclosed

defensively. The annual number of defensive disclosures rapidly increased more than

ten-fold to 1143 in the next decade while the number of patents increased by just 16%

to 439. The share of reported inventions disclosed defensively increased from 24% in

1958 to 72% in 1967. Researchers during this period, including those with the most

patents, had many disclosures as shown in Table 1. For instance, Clapper, a top IBM

inventor during this period specializing in speech and pattern recognition, produced 70

patents and 33 defensive disclosures during this period.

The number of disclosures continued to rise even more rapidly in subsequent years,

particularly since 1970. In contrast, the number of patents remained largely constant

until 1989. The number of defensive disclosures peaked in 1990 at 4,229 and declined

subsequently. At its peak, IBM patented just one in five reported inventions.

We interviewed IBM’s former directors of R&D during 1970-1996 and its general

counsel during the 1990s and confirmed the validity of these trends and gained further

insights.1 IBM did not enforce its patent rights and seek licensing revenues until the

1Those interviewed include R&D Directors Ralph Gomory, John Armstrong, James McGroddy. We also

interviewed Marshall Phelps, the General Counsel at IBM, and John Cronin, a leading inventor at IBM who

went on to play a significant role in the rise in patenting since 1989. We also interacted with other high-level

former executives and scientists at IBM.
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late 1980s despite known cases of infringement against IBM’s intellectual property (e.g.,

IBM’s fundamental patent on DRAM assigned to an IBM Fellow, Robert Dennard, in

1968). IBM’s licensing revenues did increase in the early 1990s from $30 million in 1992

by more than ten-fold to $390 million in 1993, to $646 million in 1995 and $1.5 billion by

2000, reflecting the extent of IBM’s foregone licensing revenues in the previous decades.

IBM assigned three points to a patent, zero points to a scientific publication, but

one point to a defensive disclosure, which allowed researchers to reach significant career

milestones at IBM, known as Plateaus, with only a small fraction of inventions ever

being patented. Interviews with former IBM directors of R&D reveal that researchers

themselves appear to have preferred disclosures to patents as securing the latter involved

a much longer process. These changes in incentives brought about a parity between

patenting and disclosure, which institutionalized a response specific to the threat of

antitrust action.

Overall, IBM continued to invest in R&D but failed to appropriate returns in terms of

the number of patents and licensing revenues until its research lab became unsustainable,

which precipitated significant organizational changes. IBM’s research director and the

general counsel at the time confirmed that significant changes were made to incentives

for patenting and defensive disclosure. They include: (a) the establishment of a team

dedicated to increasing the fraction of patented inventions, known as the Patent Factory;

(b) the institution of ex post rewards to inventors whose patents brought in licensing

revenues; and (c) the decline in the intensity of antitrust enforcement. IBM also began

to dismantle defensive disclosure program since 1990. For these reasons we restrict

our attention to the period 1955-1989 and study the impact of the antitrust action on

defensive disclosure program.

We formulate a simple model of defensive disclosure under uncertain antitrust en-

forcement to explain these patterns of patenting and defensive disclosure.

4 Model

Consider a monopolist deciding how much to invest in R&D and subsequently what

fraction of inventions to patent. Suppose the monopolist faces the risk of antitrust

enforcement with a given level of uncertainty. The monopolist’s payoffs from decisions
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to patent and disclose determine its ex ante R&D investment.

The timing of decisions is as follows. In the first stage the firm decides how much

to invest in R&D. In the second stage the firm decides which inventions to patent or

disclose defensively. In the third stage, uncertainty about antitrust action is resolved

and the value of an antitrust fine, if there is antitrust action, is realized. Also payoffs

from returns to R&D and patenting are realized. The investment in R&D, probability

of antitrust action, and expected antitrust fines are endogenously determined by the

extent of patenting and disclosure.

We now introduce some notation. Suppose the probability of antitrust action is

a(P ) where P stands for the fraction of discoveries patented.

P =
patents

discoveries

where discoveries include patents and defensive disclosures. In other words, firms with

large patent portfolios are more likely to face punitive antitrust action, which is consis-

tent with the experiences of a number large R&D intensive firms in the U.S. including

those of IBM and Xerox.

In the third stage of the game, if the firm discloses, its payoff is D. If the firm

obtains a patent, its payoff is M with probability a(P ) and D − C otherwise, where C

is the expected value of penalty from a potential antitrust action. Suppose the payoff

from disclosure is less than the monopoly profit, D < M , and that there is a positive

penalty, C > 0. The expected payoff is (1− a(P )) ∗M + a(P ) ∗ (D−C) for a firm with

a patent and the payoff is D for a firm with a disclosure. Now, in the second stage of

the game the expected payoff for a pool of discoveries, denoted by N, is:

E[π] = N
{
P

[
(1− a(P )) ∗M + a(P ) ∗ (D − C)

]
+ (1− P )D

}
(1)

We assume that a(P ) = zP with 0 ≤ P ≤ 1 and z ≤ 1, and maximize the expected

payoff with respect to P , which leads to the following expression for the optimal fraction

of discoveries to be patented:

P ∗ =
(M −D)

2z(M −D + C)
(2)
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The percentage of patents (disclosures) over total discoveries increases (decreases) with

the markup, decreases with the penalty if antitrust action is undertaken and decreases

with the probability that an antitrust action will be undertaken.

The probability of antitrust action, as measured by the number of antitrust cases,

significantly decreased after the mid-1980s (Gallo et al. 2000). Consistent with this

fact, the model predicts an increase in the relative number of patents. Furthermore,

the model shows that even when the antitrust sanction is negligible (C = 0) but when

z = 1 (i.e. antitrust action will surely be undertaken when P = 1), the percentage

of patents is only 50%, so there is scope for disclosure (as to increase the chance of

monopoly profit under patent protection).

Next, we derive the optimal level of R&D expenditure in the first stage. Substituting

the expression for P ∗ in equation (1),

E[π] = N
[ (M −D)2

4z(M −D + C)
+D

]
(3)

Now, we assume that N is an increasing and concave function of R&D expenditures,

denoted by R. Then, optimal R&D expenditure, R∗, is given by the following equation:

N ′[R∗] ·
[ (M −D)2

4z(M −D + C)
+D

]
= 1 (4)

It follows from the above equation that ∂R∗/∂z < 0, or in other words, that optimal

R&D expenditures are negatively related to the probability of antitrust action.

As disclosures can be observed at either the firm-level or at the individual researcher-

level, the model yields the following related hypotheses:

Hypothesis 1a. Controlling for other factors, the extent of defensive disclosure by

IBM is greater during the period of antitrust action than before.

Hypothesis 1b. Controlling for other factors, the extent of defensive disclosure by

researchers at IBM is greater during the period of antitrust action than before.
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5 Data Analysis

We elaborated the collection of defensive disclosure and patent data in an earlier section.

We merged these patent and disclosure data by matching the names of inventors to a

high degree of accuracy (more than 77% of the matched names contain two or more

initials), which enables us to test the main implication of the model at the inventor

level. We also collected IBM’s financial data from Compustat for years 1960-1989 and

from its annual reports for years 1955-1959. So, our sample period is 1955-1989. We

restrict our regression analyses to the period 1958-1982, where the first year corresponds

to the beginning of the defensive disclosure program at IBM and last year corresponds

to the end of the third antitrust case against IBM in the U.S. In addition, we collected

antitrust enforcement data in the U.S. In particular, a number of measures such as

the annual number of antitrust cases instituted by the U.S. Department of Justice are

collected from Gallo et al. (2000), which is an extension of data contained in Posner

(1970).

5.1 The impact of the third antitrust case on disclosures

We expect 1969, the year the third antitrust case began, to be the year in which IBM

scaled up its defensive disclosure activity. Consistent with the model, Zivot-Andrews

test identifies 1970 as the year of structural break in defensive disclosure activity with a

minimum t-statistic of -4.94 in that year. In other words, the number of IBM’s defensive

disclosures increased fundamentally since 1970 compared to the trend in prior years.

We further investigate structural breaks by technology in IBM disclosure data. We

do so for two of the three technology fields in which IBM played a dominant role and

where patenting is important - semiconductor manufacturing and manufacturing storage

devices.

First, the number of patents in semiconductor manufacturing, class 438, and disclo-

sure by inventors of these patents are plotted in Figure 3. The number of disclosures

rose from 54 in 1969 to 201 in 1970, peaked at 247 in 1989. Zivot-Andrews test identifies

a structural break in the semiconductor related disclosure data in the year 1970 with a

minimum t-statistic of -6.23 in that year.

Second, we investigate defensive disclosure activity in disk drive manufacturing,
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which IBM pioneered. All patents filed by IBM in patent class 360 corresponding to

disk drives and disclosures by inventors of these patents are shown in Figure 4. Also

shown are the number of firms in the disk drive industry during 1977-1989. We conduct

Zivot-Andrews test and identify 1970 as the structural break in disk drive disclosures

with a minimum t-statistic of -4.51 in that year. In addition, most of the entry in the

industry occurred during 1977-1984 when IBM disclosed at a high-level, contrary to

some theories that predict the entry-deterrence effect of disclosures.

5.2 Regression analyses

We conducted regression analyses on the disclosure and patent data spanning 1958-

1982 to test whether the disclosure activity increased since the third antitrust case than

previously, both at the organization and individual researcher level.

First, we show that IBM disclosed defensively more intensively since the start of

the third antitrust action than previously. We estimate an OLS regression with the

annual number of disclosures by IBM as the dependent variable. We also estimate

censored Tobit specifications with the annual number of disclosures and the fraction

of inventions defensively disclosed as the dependent variables. The key independent

variable in these regressions is a dummy variable, ANTITRUST, which is set to zero for

the period 1958-1968 and one for the period 1969-1982. The second explanatory variable

is the number of employees measured annually, which controls for the scale of disclosure

activity. The third explanatory variable is R&D Intensity, which is defined as annual

R&D expenditure as a percentage of sales. The fourth explanatory variable is Capital

Intensity, which is annual capital expenditure as a percentage of sales. R&D and Capital

Intensities control for resources for research, more of which lead to more discoveries and

potentially more defensive disclosures. We control for the antitrust enforcement climate

in the U.S. by including the average number of ‘landmark’ antitrust cases in a four

year period instituted by the U.S. Department of Justice as measured by Sullivan and

Hovenkamp, ‘Landmark Cases (SH),’ which is derived from Gallo et al. (2000).

The coefficient estimates of this regression are shown in Table 2. In specification (1),

controlling for other factors, IBM was more likely to disclose inventions defensively since

the third antitrust case than before as reflected by the large, positive and significant
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coefficient estimate of ANTITRUST. In addition, an increase in the number of employees

by a thousand led to 5.6 more defensive disclosures as reflected by the coefficient estimate

of ‘No. of Employees.’ A percentage point increase in R&D Intensity led to 117.3 more

defensive disclosures as reflected by the coefficient estimate of ‘R&D Intensity.’

In specification (2) we introduce additional control variables and run censored To-

bit regression as our dependent variable is left-censored at zero. Consistent with our

model, controlling for other factors, IBM disclosed more inventions defensively during

the third antitrust case than previously. The coefficient estimates of ‘Landmark Cases

(SH)’ is positive reflecting that greater antitrust enforcement in general as measured by

landmark cases led to more disclosures but it is not statistically significant at the 10%

level.2 The coefficient estimates of ‘Capital Intensity’ is also positive but not significant.

In specifications (3) and (4) the dependent variable is the fraction of inventions

defensively disclosed and we run a censored Tobit regression as the dependent variable,

a fraction, ranges between 0 and 1. In specification (3), the coefficient estimate of

ANTITRUST is positive and significant at the 0.01 level reflecting that the fraction of

inventions defensively disclosed increased by 19.3% after the start of the third antitrust

case, controlling for other factors consistent with hypothesis 1. The result is robust to

the inclusion of other control variables in specification (4). The coefficient estimate of

‘Landmark Cases (SH)’ is positive and significant at the 0.05 level reflecting that more

landmark cases filed in a given year led to more disclosures.

Second, we test hypothesis 2 that researchers at IBM patented a smaller fraction

of inventions defensively since the start of the third antitrust case. We estimate a

Pooled OLS regression with year dummies for the period 1958-1982 in specification

(1). We then estimate a linear regression on panel data with researcher fixed effects

for the period 1955-1982 in specifications (2) and (3). In other words, we control for

time-invariant factors at the researcher-level, such as the field of expertise, that explain

the researcher’s patenting and disclosure preferences. The errors are clustered at the

researcher-level. The dependent variable in specifications (1) is the number of defensive

2We also experimented with alternative measures of the annual number of antitrust cases reported

in Gallo et al. (2000) for all firms and against Fortune 500 firms but the coefficient estimates were not

statistically significant. An ideal measure would be the annual number of cases which mention patent

portfolios as an area of concern.
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disclosures reported in a given year and in specifications (2) and (3) is the fraction of

reported inventions disclosed defensively in a given year. The independent variables are

as described previously.

The coefficient estimates of this regression are shown in Table 3. The coefficient

estimates of year dummies in specification (1), shown in Figure 5, show a jump during

1969-1970. The coefficient estimate of ANTITRUST in specifications (2) and (3) is

positive in sign and significant at the 0.01 level reflecting that during the period of the

antitrust case researchers at IBM on average filed for 10.6% more defensive disclosures

than in prior years controlling for other factors consistent with hypothesis 2. The

coefficient estimate of ‘Landmark Cases (SH)’ is positive and significant at the 0.01

level reflecting that stronger antitrust enforcement climate led to a greater fraction

of defensive disclosures. Similar results are obtained when we ran regressions for the

period 1958-1989 instead of 1958-1982 as IBM continued to face the same antitrust case

in Europe until the late 1980s.

5.3 Disclosure of Valuable Inventions

The economic value of an invention is difficult to determine ex ante, it may depend

on whether it is patented and what other related inventions are patented. Deciding

which inventions are to be patented is further complicated by the threat of antitrust

action under which a firm optimally discloses a large fraction of inventions defensively.

The decentralized nature of the decision making process at IBM adds another layer of

complexity to the decision making process. In our theoretical model, valuable inventions

are just as likely as less valuable inventions to be disclosed defensively in contrast to

other theories that predict that only low value inventions are disclosed defensively. We

see some evidence for our view in two ways. First, IBM Fellows, those who received

the highest technical honor at IBM, disclosed more inventions defensively between 1970

and 1989 than previously, as shown in Figure 6. Top researchers at IBM were likely to

disclose more during the third antitrust case as was observed in the overall sample.

Second we group inventors with at least one disclosure by the highest number of

citations any of their patents received during the period 1963-1999. A small group

of 2,420 (9.5%) inventors with at least one very highly cited patent (in the top decile
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of cited patents) contributed to 17,895 (21.5%) defensive disclosures at an average of

7.4 defensive disclosures per inventor. In contrast, 52.5% of inventors with no patents

contributed to 29.5% of defensive disclosures at an average of 1.82 disclosures per in-

ventor. These patterns reflect that during the third antitrust case period top inventors

contributed disproportionately more to the defensive disclosure activity, which further

supports our view.

The concentration of disclosure activity among few top inventors is consistent with a

view that the nearly thousand doctorates that IBM employed annually, systematically

defensively disclosed inventions relating to IBM’s main research programs, which is

borne out by the defensive disclosure and patenting trends in semiconductor, disk drives,

and software domains. These trends are not consistent with a view that defensive

disclosures are primarily inventions unrelated to and thus less valuable to IBM’s main

research programs and lines of business.

5.4 Other Similar Cases

Although we examined only one disclosure program here, our claims apply more broadly.

To show this, we elaborate the case of Xerox’s defensive disclosure program. Xerox,

following its merger with Rank-Xerox, faced a Federal Trade Commission investigation,

which alleged that the patent portfolio of the combined entity created barriers to entry

into the paper copier market and that Xerox acted in ways to preserve its monopoly

power through patents and marketing practices (see Bresnahan 1985). The case ended

in 1975 with a consent decree, which required Xerox to license its patents at low or no

royalties to its competitors.

Xerox believed that: (a) the weakening of its patent portfolio would not erode

its market position given its superior sales force and well-established brand value; (b)

refusal settle the FTC case by agreeing to license its patents would not prevent infringe-

ment of its patents, particularly by the Japanese competition; and (c) its suits alleging

patent infringement would be replied with antitrust countersuits (Kearns and Nadler

1992: pg. 62).

In 1976 Xerox began its defensive disclosure program. Xerox disclosed 460 patents

and 456 inventions defensively in 1976. Xerox identified the names of the inventors in
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each of its defensive disclosures. In addition, Xerox classified its defensive disclosures

according to the U.S. patent classification, leaving little doubt as to what it would

have done if it had not faced the threat of antitrust action. As shown in Figure 7, the

number of patents by filing year increased rapidly since 1986, following a leadership

change at Xerox and the rising cost of patent infringement by Japanese firms, which

lost a patent infringement case to Texas Instruments in that year (Hall 2005). The

defensive disclosure program was rapidly scaled down since the mid 1990s and by the

year 2000 Xerox disclosed 21 inventions defensively while it filed for 1,028 patents in

the same year. Xerox quickly lost its dominant position in the copier market as rivals

entered and benefited from Xerox’s patents and disclosures.

Another large R&D intensive U.S. firms that faced antitrust cases concurrently with

IBM is AT&T, which faced an antitrust case in 1949 that ended in a consent decree

in 1956. The second case started in 1974 and ended in 1982 with the divestiture of

AT&T and the creation of regional telephone companies in 1984. At the start of the

case against AT&T in 1949, its vice president, Keith McHugh, stated AT&T’s patent

policy in Bell Telephone Magazine:

“It is the Bell System’s policy to make available upon reasonable terms to

all who desire them non-exclusive licenses under its patents for any use.”

Ralph Bown, vice president in charge of research and patents at Bell Labs in 1954,

who oversaw the successful patenting and publication strategy following the invention

of transistor in 1948, reiterated AT&T’s patent policy (Bown 1954):

“Although our patent system may make it possible for a successful indus-

trial research laboratory to follow a publication policy nearly as free as that

of an individual worker in pure science, it is not the only thing necessary.

The patent system is available to all, but not all companies permit easy

publication. There is always a temptation to hold a new invention back un-

til a pattern of related ideas and alternative inventions can be embroidered

about it and all the easy smart alternatives it suggests are covered. Also

the advantage of hitting the market with a new product fully developed and

ready to deliver in advance of any competition is a powerful motive. A pub-

lication policy is a judicious mixture of these influences together with the
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desire for the reputation which flows from scientific leadership, and with a

realization that submission of new ideas to other minds will result in faster

over-all progress. The fact that the Bell System wants only freedom to use

the best ideas man can produce, and is willing to buy or trade for these when

necessary, is a powerful factor in our publication-policy thinking.”

In addition, Bell Labs facilitated the diffusion of its newly accumulated semicon-

ductor technology by holding symposia for several U.S. and foreign firms and began

licensing its patents at zero rate following the 1956 antitrust settlement (Scherer 1996).

We find that firms like AT&T and IBM used the patent system to preserve freedom of

action rather than exclude others from using their inventions. There is further evidence

to suggest that IBM learned from other similar firms such as Westinghouse and AT&T

in building up its research in the late 1950s, both of which had maintained technical

journals (see Hounshell 1996). For instance, Mervin Kelly, a retired chairman of Bell

Telephone Laboratories, served as a consultant to Emanuel Piore, the director of IBM

R&D during 1956-1960, at the request of Tom Watson (Pugh 1995). These similarities

among large firms in the organization and management of R&D labs suggest that the

lessons we learned from the case of IBM apply more generally to other similar firms

during this period.

6 Discussion

We investigated IBM’s defensive disclosure program in rich detail and found several

insights. IBM’s defensive disclosures were intended neither to slow a leader nor to scare

a follower in an innovation race. We argued that IBM started and rapidly expanded its

defensive disclosure activity as a coping mechanism in response to the antitrust action

taken by the U.S. Department of Justice since the 1950s.

Soon after the second antitrust case against IBM ended in a consent decree, IBM

adopted a science-oriented business strategy accompanied by a policy of ‘freedom of

action,’ which involved large investments in corporate research and open disclosure of

scientific results and technical inventions. IBM hoped to preserve the freedom to use

its inventions without applying for costly patents given its limited ability to enforce

patents and extract licensing revenues. Consistent with this policy, IBM began defen-
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sively disclosing inventions after the consent decree in 1956 and scaled up the disclosure

program since 1969 when it faced the imminent threat of antitrust action.

We find evidence that researchers at IBM patented an increasingly smaller fraction

of their inventions since 1958, when the Bulletin began. During the third antitrust

case, IBM continued to patent a smaller fraction of its inventions. A small group of top

IBM researchers contributed disproportionately more defensive disclosures compared to

other IBM employees, which reflects that the defensive disclosures were not necessarily

low value inventions unrelated to IBM’s main lines of business. IBM reached a crisis in

the late 1980s as its investment in research failed to translate into competitive advan-

tage. IBM finally down-shifted its defensive disclosure program and began patenting

aggressively. The case of Xerox disclosure program, which resembles IBM’s program in

several aspects, further supports our view.

The policy of defensive disclosure at IBM persisted even after the third antitrust

case ended in the U.S. because the E.C. continued to pursue the same case until the late

1980s. The institutionalization of the defensive disclosure program and the creation of

incentives for defensive disclosure was another contributing factor. While Xerox down-

shifted its defensive disclosure program in 1986, IBM’s program lasted longer until

changes were made to researcher incentives for disclosure and patenting, and the E.C.

case came to a close.

The nature and extent of the defensive disclosure program by IBM have not been

previously characterized. As a result, the business history of IBM, the evolution of in-

dustries in which it participated, and the lessons from its turnaround should be revisited

(e.g., Lerner 1997). IBM’s generous disclosure and limited patenting, we argue, created

room for several firms in component markets to enter, grow, and eventually compete

with IBM in software, storage, and semiconductors manufacturing markets.

Our characterization of IBM’s disclosure program sheds new light on the ‘patent

paradox’ observed in innovation surveys, where firms report deriving a modest return

from patents but patenting in large scale nonetheless since the mid-1980s. Several

explanations exists to explain the patent paradox (e.g., Hall and Ziedonis 2001; Arora

and Gambardella 1994; Rosenbloom and Spencer 1996; Kortum and Lerner 1998).

Hall and Ziedonis (2001) study the semiconductor industry and suggest that the

surge in patenting in the U.S. following the establishment of the Court of Appeals for
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the Federal Circuit (CAFC) in 1982 is driven by the aggressive patenting by capital

intensive firms as a defensive mechanism against the problem of hold-up caused by

small rival firms’ patenting. While they attribute the shift in ‘defensive’ patenting to the

strengthening of the patent rights since the 1980s, we offer an explanation rooted in the

history of antitrust action in the U.S. Patent reforms under the threat of antitrust action

against large firms will cause, in relative terms, more defensive disclosure rather than

patenting as observed in the case of software sector at IBM after 1982. The subsequent

increase in patenting by large firms, with IBM at the top, suggests a fundamental change

in the way the U.S. Department of Justice dealt with patent portfolios of some large

firms and a shift in the political economy of antitrust enforcement in the U.S. in the

1980s (Ghosal 2011). The case of IBM’s disclosure program also clarifies how patenting

surged despite reductions in R&D as IBM substituted away from defensive disclosures

to patents in the 1990s.

Since the rise of industrial research in the early 20th century, large R&D intensive

firms have driven technological and economic progress and IBM’s role has been well-

recognized (Reich 1985, Mowery and Rosenberg 1989, Bresnahan and Malerba 1997).

Empirical studies have shown a positive relationship between firm size and process

R&D (Cohen and Klepper 1996a, 1996b). More recently, however, the usefulness and

sustainability of centralized corporate research labs has been questioned as pioneering

R&D firms have significantly shrunk their R&D investments (Rosenbloom and Spencer

1996). We argued that such firms had to balance science-oriented strategy of growth

with concerns of appropriability and punitive antitrust action. This tension between

intellectual property laws and antitrust laws is well-noted (Carlton and Gertner 2003).

The case of IBM has provided an unusual opportunity to study the impact of this

tension on an innovative monopolist’s ability to stay competitive in dynamic markets it

first pioneered, raising questions about the efficacy of antitrust laws to regulate dynamic

R&D competition in the hope of promoting incentives for innovation.
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Figure 1: IBM’s R&D expense in 1998 dollars in million, Source: Flamm (1988)
and Compustat. Interpolated values used for years 1956-1960 and 1966-1969 based on
Flamm (1988:86).

Table 1: Top IBM Researchers during 1958-1967

Researcher Name Disclosures Patents Total

Clapper GL 33 70 103
Marinace JC 22 33 55
French WK 31 18 49

Anderson JL 26 20 46
Rutz RF 8 38 46
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Table 2: The impact of the third antitrust case on IBM disclosures

(1) (2) (3) (4)
OLS Censored Tobit

No. of No. of Fraction Fraction
Disclosures Disclosures Disclosed Disclosed

ANTITRUST 565.823∗∗∗ 666.399∗∗∗ 0.193∗∗∗ 0.213∗∗∗

[195.7325] [194.3315] [0.0337] [0.0339]
Employees (thousands) 5.613∗∗∗ 5.160∗∗∗

[1.1250] [0.8855]
R&D Intensity 117.374∗∗∗ 133.290∗∗ 0.061∗ 0.071∗∗

[41.2452] [48.1684] [0.0333] [0.0331]
Capital Intensity 5.811 0.003

[8.3674] [0.0029]
Landmark Cases (SH) 44.599 0.036∗∗

[70.2694] [0.0135]
Constant -834.806∗∗∗ -1272.075∗ 0.220 -0.097

[220.7412] [662.8320] [0.2208] [0.3330]
Sigma 245.992∗∗∗ 0.086∗∗∗ 0.078∗∗∗

[37.2102] [0.0140] [0.0130]
Log Likelihood -173.480 -173.106 25.970 28.166
R-Squared 0.904
Observations 25 25 25 25
Standard errors in brackets
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 3: The impact of the third antitrust case on disclosures and fraction of inventions
patented at the inventor-level

(1) (2) (3)
Pooled OLS Fixed effects

No. of Fraction Fraction
Disclosures Disclosed Disclosed

Year Dummies (1959-1982) Yes No No

ANTITRUST 0.098∗∗∗ 0.106∗∗∗

[0.0079] [0.0081]
R&D Intensity 0.084∗∗∗ 0.050∗∗∗ 0.060∗∗∗

[0.0080] [0.0045] [0.0049]
Capital Intensity 0.001∗∗∗

[0.0004]
Landmark Cases (SH) 0.012∗∗∗

[0.0027]
Constant 0.299∗∗∗ 0.146∗∗∗

[0.0271] [0.0448]
Log Likelihood -63,860.271 -14,618.269 -14,601.551
R-Squared 0.498 0.015 0.016
Observations 37,894 37,894 37,894
Standard errors in brackets
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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