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ABSTRACT: The Bayh-Dole Act permitted universities to retain rights to patents resulting from 
government funded academic research, and encouraged university entry into patenting and 
licensing. Though it is widely recognized to be a major change in federal policy towards 
academic research, surprisingly little empirical analysis has been directed at assessing the 
impacts of Bayh-Dole on the academy and on university-industry research relationships. An 
important exception is the work of Henderson, Jaffe and Trajtenberg (1998) which examined the 
impact of Bayh-Dole on the quality of university patents, as measured by the number of times 
they are cited in subsequent patents. The authors found that the quality of academic patents 
declined dramatically after Bayh-Dole, a finding that has potentially important policy 
implications. In this paper, we show that their results are not robust to using a longer stream of 
citation data, i.e. they are driven by truncation bias. This has important implications not only for 
thinking about Bayh-Dole, but also for future work using patent citations as economic indicators. 

                                                           
* Stephen Cameron, Rebecca Henderson, Ken Leonard, Frank Lichtenberg, and Richard Nelson provided useful 
comments on earlier drafts of this paper. The usual disclaimer applies.  



 

 

1. Introduction 
 
 The Bayh-Dole act, passed in 1980, is widely recognized as a major change in 

federal policy towards academic research. Bayh-Dole allowed universities to retain the 

rights to patents resulting from federally funded research and encouraged universities to 

become actively involved in patenting and licensing, activities they had historically 

avoided. There has been much discussion of the positive and negative impacts of Bayh-

Dole on the academy and on technology transfer, but relatively little empirical analysis. 

An important exception is the work of Henderson, Jaffe and Trajtenberg (1995, 1998a, 

1998b), which examined the impact of Bayh-Dole on the quality of university patents, as 

measured by the number of times they are cited in subsequent patents.1 The authors found 

that the quality of academic patents declined dramatically after Bayh-Dole, a finding that 

has potentially important policy implications. 

 In this paper, we show that the post-Bayh-Dole "quality decline" disappears when 

patent-citation data covering a longer period than was available to Henderson and 

colleagues are used in similar empirical tests. This evidence suggests that the “quality 

decline” that Henderson et al. found in their analysis may reflect changes in the 

intertemporal distribution of citations to university patents, rather than a significant 

change in the number of citations these patents receive.   

In Section 2, we briefly discuss the rationale for the passage of Bayh-Dole, and 

the post-Bayh-Dole growth of university patenting and licensing. In Section 3, we discuss 

the use of patent citations as economic indicators, and summarize the analysis conducted 

by Henderson et al. In Section 4, we replicate their results, and show that they are not 

                                                           
1 See also Jensen and Thursby (2001) and Mowery et al. (2001).  
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robust to use of more complete data on citations. In particular, we argue that the quality 

decline is an artifact of the "truncation bias" inherent in the use of patent citation data. In 

Section 5, we consider why the various statistical techniques used by Henderson et al. to 

control for truncation were not effective. We conclude in Section 6 with a discussion of 

implications for the analysis of the effects of the Bayh-Dole Act and for future work 

using patent citation data. 

 

2. The Bayh-Dole Act and the Growth of University Patenting 
 

American research universities have been an important source of knowledge and 

technologies useful to U.S. industry since the beginning of the twentieth century 

(Rosenberg and Nelson 1994). A range of industries critical to American technological 

leadership, including chemicals, agriculture, pharmaceuticals, and electronics, relied 

heavily on basic and applied academic research during the twentieth century. The flows 

of knowledge and technology transfer between U.S. universities and industry occurred 

via informal channels, including presentations at conferences and publication in journals, 

as well as more direct channels that include hiring of graduate students, consulting 

relationships with faculty, and licensing of university patents.2 

Bayh-Dole created a uniform federal patent policy that allowed universities to 

retain rights to any patents resulting from government funded research and to license 

these patents on an exclusive or non-exclusive basis. Before the passage of the Act, 

universities wishing to retain title to patents resulting from federally funded research had 

                                                           
2 See Cohen et al. (2002) and Agrawal and Henderson (2002) for discussion of the relative importance of 
different channels of knowledge and technology transfer.  
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to negotiate an Institutional Patent Arrangements (IPA) with individual funding agencies 

or petition for title on an invention by invention basis.  

The Bayh-Dole Act was passed in the throes of the "competitiveness crisis" of the 

1970s and 1980s, in response to the belief that IPAs and other arrangements for 

university patenting of publicly funded research results impeded technology transfer and 

commercialization of these results, thereby weakening U.S. competitiveness. In 

particular, the framers of Bayh-Dole argued that if universities could not be granted clear 

title to patents and allowed to license them exclusively, firms would lack the  incentive to 

develop and commercialize university inventions. This argument was based on 

"evidence" that government owned patents had lower utilization rates than those held by 

contractors, evidence that Eisenberg (1996) has shown to be faulty.3  

The Bayh-Dole Act, which passed in 1980 and became effective in 1981, had 

three primary effects. First, it created a uniform policy on disposal of patent rights 

resulting from federally funded university research, giving title to university performers 

of research rather than the funding agencies. Second, it gave universities permission to 

license government-funded inventions on an exclusive basis, without requiring approval 

from funding agencies. Third, and perhaps most importantly, it offered strong 

Congressional endorsement of active university involvement patenting and licensing, 

activities that they historically had avoided (Mowery and Sampat 2001b, Mowery et al. 

2001).In the twenty years since its passage, many universities with little previous 

                                                           
3 The framers of Bayh-Dole interpreted these data as indicators of the economic impact of university 
research, neglecting the range of other formal and informal channels through which firms historically 
benefited from university research. In opening the Senate Bayh-Dole hearings, one of the architects of the 
legislation, Senator Bayh, cited the low rate of commercialization of government owned patents as 
evidence of "very little return on the billions of dollars we spend every year on research and development” 
(Senate Committee on the Judiciary 1979, 2). 
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patenting experience entered the patenting business, and "incumbent" universities 

expanded their patenting (Mowery et al. 2001).  

Some observers have expressed concern that the incentives created by Bayh-Dole 

may have led to a shift the content of academic research towards more "applied" work 

and away from fundamental research, a development that could have detrimental long-

term effects (Dasgupta and David 1994). Other observers, however, have praised the Act 

as an important contributor to the U.S. competitive “revival” of the 1990s and the growth 

of the “New Economy” that received great attention in the latter half of that decade 

(AUTM 1996, GAO 1998; Congressional Joint Economic Committee, 2000; OECD, 

2001).4 Yet virtually no quantitative work on the effects of Bayh-Dole was published 

prior to the  the analyses by Henderson, Jaffe, and Trajtenberg. 

 

3. Patent Citations and the Post-Bayh-Dole "Quality Decline"  
 

Henderson and colleagues (1995, 1998a, 1998b), (hereafter, HJT) used 

information on patents assigned to universities from 1965-1988 and citations to those 

patents observed until 1992 to examine changes in the characteristics of patents issued to 

U.S. universities before and after Bayh-Dole.  In this section, we discuss the use of patent 

citations as economic indicators, and review HJT's main results. 

                                                           
4 The belief that Bayh-Dole "worked" in the United States has led other industrialized countries to try to 
emulate it. Aa recent report by the Organization of Economic Cooperation and Development (OECD) notes 
"[I]n nearly all OECD countries there has been a marked trend towards transferring ownership of publicly 
funded research from the state (government) to the (public or private) agent performing the research. The 
underlying rationale for such change is that it increases the social rate of return on public investment in 
research" (OECD 2002, 48). 
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3.1 Patents and Patent Citations 

In the United States, in order to be patentable, an invention ("a new and useful 

process, machine, manufacture, or composition of matter" (35 USC § 101), must be 

shown to be both "novel" (35 USC § 102) and "non-obvious" (USC 35 § 103). Under the 

novelty criterion, an invention cannot be patented if it was known or previously used. The 

non-obviousness criterion means that an invention cannot be patented if "the differences 

between the subject matter sought to be patented and the prior art are such that the subject 

matter as a whole would have been obvious at the time the invention was made to a 

person having ordinary skill in the art to which the subject matter pertains" (35 USC § 

103a). 

In order to assess whether an invention meets these standards, patent examiners at 

the United States Patent Office (USPTO) must identify the prior art, i.e. information 

related to the invention that was known or already in use.  For each issued patent, prior 

patents against which the novelty and non-obviousness of the patent were evaluated are 

listed in a section entitled “References Cited, U.S. Patent Documents” on the front page 

of the patent. 

Economists began using patent citations and patent citation-based data as 

measures that were superior to simple patent counts as measures of innovative output (see 

Griliches 1990 for a review). The large variance in the economic and technological 

significance of individual patents rendered patent counts extremely noisy indicators of 

the innovative output of a firm or a government programs.  But weighting patents by the 

number of times they are cited in subsequent patents provided a better measure of the 
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economic and technological importance of these patents (See Trajtenberg, 1990, for one 

of the first applications of this measure). 

Economists have used citation counts as proxies for two different measures of the 

value of a patented invention.  One is the patent’s “technological importance," based on 

the assumption that when patent A cites patent B, A is drawing on the knowledge 

embodied in B, or that B is a technological antecedent of A (Trajtenberg et al 1997; 

Caballero and Jaffe 1993; Jaffe and Trajtenberg 1999). Citation of patent B by many 

subsequent patents suggests that numerous inventions build upon the knowledge 

embodied in patent B, i.e. patent B has generated significant technological spillovers. 

Based on this logic, a significant stream of research has used citation counts to patents to 

assess the  “importance” of patented inventions, based on the rationale that inventions 

that generate a higher level of spillovers are more economically or technologically 

important (see Jaffe 1998 for a review). 

 Economists have also used citation counts as proxies for measures of the private 

value of the invention to the patentholder in studies that have analyzed the relation 

between the market value of a firm and its citation-weighted patent stock (Hall et al. 

2000; Shane and Klock 1997; Austin 1994).  In empirical work on a different measure of 

the private value of patents, citation weights have been used in analyses of the probability 

that a given patent is litigated (Lanjouw and Schankerman 2000). 

 

3.2  The HJT analysis of “quality decline” in U.S. university patents 

The previously cited work by HJT concludes that expanded patenting by U.S. 

universities after Bayh-Dole was accompanied by a decline in the quality of these patents, 
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as measured by citations. During the 1970s (before the passage of the Bayh-Dole Act), 

according to HJT,university patents were significantly more likely to be cited than a 1% 

random sample of patents.  But after 1980, this difference diminished, and its statistical 

signficance disappears after the mid-1980s.  

The meaning of this change in citations to U.S. university patents is open to 

multiple interpretations. Some authors have interpreted it as evidence that research 

priorities within universities may have shifted towards "applied research" after Bayh-

Dole (e.g. Foray and Kazancigil 1999).5 Implicit in this interpretation is the assumption 

that patents based on "basic" research would generate more spillovers, and hence 

citations, than "applied" research (cf. Trajtenberg et al. 1997).   

However, Henderson and colleagues (1998) interpret these results as suggesting 

that there was not a shift towards applied research after Bayh-Dole, arguing that  

 
"… the Bayh-Dole Act and other related changes in federal 
law and institutional capability have not had a significant 
impact on the underlying rate of generation of 
commercially important inventions at universities. 
Universities either did not significantly shift their research 
efforts towards areas likely to produce commercial 
inventions, or, if they did, they did so unsuccessfully" 
(Henderson et al. 1998).  

 
The logic underlying this interpretation is apparently that a "successful" shift towards 

applied research would yield patents more heavily cited by industry.  

The fact that different scholars have drawn the opposite conclusions from the 

same results suggests that interpreting the economic meaning of patent citations can be 

difficult, a topic to which we return below.  

                                                           
5 Henderson and colleagues also suggested this possible interpretation of the "quality decline" in a draft 
version of their paper, Henderson et al. (1995). 
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Although the interpretation of changes in the rate of citation to U.S. university 

patents after Bayh-Dole is itself ambiguous, the considerable attention that this result has 

attracted suggests that its robustness merits further analysis for three related reasons. 

First, as Henderson et al. noted, their analysis was done shortly after the passage of Bayh-

Dole, and the full effects of this legislation may not yet have been revealed in the data on 

university patenting and citations to these patents. Second, the authors measure quality 

via citation counts, which are subject to truncation: a smaller portion of total citations is 

observable for more recent patents. This fact, combined with the fact that the quality 

decline is observed only for the most recent patents in their sample, suggests that the 

issue is worth revisiting with the benefit of a longer time span. Third, several recent 

papers (Mowery and Ziedonis 2001,  Mowery, Sampat, and Ziedonis 2002) find little 

evidence of a decline in the citation intensity of patents issued to academic patenters, 

although these analyses employ different control samples and methodologies. 

 

4. The Quality Decline Revisited 
 
 In light of the vulnerability of patent citation data to the truncation problems 

mentioned above, this section examines whether the quality decline reported in 

Henderson et al. (1998) is robust to the use of a longer span of citations than was 

available to those authors. In order to isolate the possible effects of truncation, we use a  

longer stream of citations, but otherwise structure our analysis to be as similar to that of 

HJT as possible. Specifically, we use a dataset consisting of all university patents applied 

for between 1975 and 1988 and granted before 1992, identical to the university patent 
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dataset used by HJT for this period.6 We also follow HJT in constructing a 1% random 

sample of all U.S. patents granted during the same period. Although we unfortunately do 

not have access to the exact control sample used by HJT, this control sample is 

sufficiently similar to theirs for the purposes of this analysis.7 Third, we collect counts of 

all citations issued by the end of 1999 to the university patents and control sample 

patents.  This information is extracted from the NBER Patent Citation database, described 

in Hall et al. (2001). 

For purposes of comparison, for each potentially cited patent we create two 

citation counts: the number of citations issued by the end of 1992, which covers the 

period included in the HJT analysis, and the number of citations issued by 1999. Like 

HJT, we include self-citations in these counts, but our main conclusions are not sensitive 

to inclusion or exclusion of self-citations.  

Our basic analysis is similar to that in HJT. We regress the  number of citations to 

those patents on application year dummies for years 1975-1988,8 patent class dummies 

for each of the patent classes spanned by the university and control patents, and 

application year dummies interacted with a dummy variable indicating whether the patent 

is a university or control sample patent.  Specifically, we estimate equations of the form: 

[ ] ελβα +++=∑ ∑
t c

cctttt CLASSUNIVAPPAPPCitations )*(  

 
                                                           
6 Rebecca Henderson kindly provided us with access to the list of university patents used in their analyses.  
7 We checked the sensitivity of our basic results to the particular control sample employed by conducting 
the analysis discussed below using 5 different 1% control samples (constructed using STATA's "sample" 
command). The results from these analyses are basically similar to those reported below, and are available 
from the authors upon request.  
8 HJT use patents applied for from 1965 onwards. Unfortunately, it is difficult to obtain citation 
information for pre-1975 patents, so we begin this analysis with patents applied for in 1975. Since the 
"quality decline" is observed after the mid-1980s, this data limitation does not affect the substance or the 
conclusions of the present exercise.  
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where CITES gives the number of citations to patent i, APPt is a dummy variable taking 

on the value of 1 if patent was applied for in year t (t=1975 …1988), UNIV is a dummy 

variable taking on the value of 1 if patent i is assigned to a university, and CLASSc is 

dummy variable taking on the value of 1 if the patent class is c9. The coefficients on the 

interaction terms, β, are estimates of the mean  differences in the number of citations to 

university patents and patents from our random sample for a given application year, 

controlling for technological field effects. Like HJT, we estimate this equation using 

ordinary least squares.  

The main results are shown in Table 1. The first column of the Table reproduces 

results from Table 4 of Henderson et al. (1998). The second column shows coefficients 

from a similar regression using the control sample described above. Importantly, for the 

estimation reported in the second column, the dependent variable is citation counts as 

observed in 1992, as in HJT. The point estimates are similar, and qualitative results (sign 

and significance of coefficients) are similar to those in column 1. The quality of 

university patents relative to the controls declines after Bayh-Dole, and the difference in 

citations to these two groups of patents becomes statistically insignificant after the mid-

1980s. Indeed, university patents are actually cited less frequently than those in the 

control sample for patents applied for in 1987 and 1988, though this difference is not 

statistically significant.  

TABLE 1 HERE 

But when when "citations to 1999" (rather than "citations to 1992") is used as the 

dependent variable, the results change dramatically (column 3 of Table 1). University 

                                                           
9 Our university and control patents span 394 patent classes.  
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patents are more highly cited than the controls for patents applied for throughout the 

1975-88 period, and the difference is highly statistically significant. There is little 

evidence in column 3 of Table 1 of a post-Bayh-Dole “quality decline” in U.S. university 

patents.10 This is seen more clearly in Figure 1, which plots the coefficients on the 

interaction term from both regressions, as well as the coefficients from HJT's analysis. 

FIGURE 1 HERE 

The difference between the results is attributable to our inclusion of an additional 

seven years of citation data for the same group of patents as those examined by HJT. The 

HJT analysis included only 4-7 years of citation data for the patents applied for by 

universities and entities in our control sample from 1985-1988, but we observe 11-13 

years of citations for these patents. The shorter time span of patent citations apparently 

does not provide an accurate signal of the (relative) quality of later patents, or at least a 

signal comparable to that obtained for the earlier patents in the 1975-88 sample. In other 

words, the patent “quality decline” reported by HJT was an artifact of truncation bias.11 

In the next section, we discuss the effects of truncation in more detail. 

                                                           
10 To test this more formally, we regressed citations on a pre-Bayh-Dole and post-Bayh-Dole dummy, each 
interacted with a university dummy, as well application year and patent class dummies. When using 
"citations to 1992" as the dependent variable, the estimated coefficient on the pre-Bayh-Dole*University 
dummy is 1.8 and the estimated coefficient on the post-Bayh-Dole*University dummy is .55. Based on an 
F-test of equality of coefficients, we can reject the hypothesis that the coefficients are equal. However, 
when using "citations to 1999" as the dependent variable, the pre- and post-Bayh-Dole coefficients are 3.2 
and 2.8 respectively, and we cannot reject the hypothesis that they are equal. In other words, based on 
citations observed until 1999, there is no statistically significant post-Bayh-Dole change in the quality of 
university patents relative to the controls. 
11 In addition to the analysis reported above, we estimated quantile regressions to explore changes in 
"quality" over time. Least-squares regressions estimate conditional means, but quantile regressions estimate 
conditional quantiles, and allow for examination of the differences between citations to university and 
control patents within each quantile. This is useful for two reasons. First, it is well known that patents in the 
upper tail of the patent value distribution account for the bulk of the value of patent portfolios (Harhoff and 
Scherer, 1999). Consequently, it is useful to the examine effects of Bayh-Dole on the upper tail of the 
distribution of citations. Second, one argument proposed by HJT for their "quality decline" results is an 
increase in patenting of "marginal" inventions by universities--in response to the reduction in the costs of 
patenting effected by Bayh-Dole, U.S. universities reduced the threshold level of invention quality above 
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5. Truncation Bias 
 

 Truncation of citation information could affect measures of patent citation 

intensity in at least three ways. First, consider the case where university patents are 

ultimately more heavily cited than those in a random sample of corporate patents, and the 

distribution of proportion of citations received over time is identical for both sets of 

patents. A “quality decline” based on patent citations could appear under these 

circumstances simply because the cumulative difference between the number of citations 

to university and control patents takes time to appear—the real divergence in citation-

intensity for more recently issued patents falls outside of the time span covered by the 

analysis. A second possibility arises if university patents are more heavily cited than the 

control patents, but on average, citations to university patents occur later after issue than 

is true for the patents in the control sample. Here too, one could observe a decline in the 

number of patents citing university patents relative to the number citing the controls 

towards the end of the 1975-1988 period, simply because of the differences in the time 

profile of these citations between the two groups of patents. A third possibility (a variant 

of the second) is that the fraction of citations to university patents observed early 

decreases relative to the fraction of control sample patents observed early, i.e. the 

                                                                                                                                                                             
which they would file for patent protection. Despite the fact that the "quality decline" disappears with the 
addition of additional years of citation data, the threshold hypothesis may still be valid. Accordingly, we 
estimated quantile regressions for q=.1, .25, .5,.75, and .9. The results (not reported) show no evidence of a 
post-Bayh-Dole decrease in the quality of university patents (relative to the controls) in any of the quartiles.  
Indeed, there is some evidence in these results of an increase in quality in the upper quantiles of our 
university patent sample. These results should be interpreted with caution, however, since in order to get 
the quantile regression algorithm to converge, however, we needed to aggregate the 394 patent class 
dummies into five broad technological categories. The quantile regressions thus do not include complete 
controls for differences in citation intensity across patent classes. 
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intertemporal distribution of citations for one or both of these groups of patents changes 

during the period covered by the data.  

HJT examine whether their results are robust to the first two of these possible 

truncation dynamics. First, they re-estimate regression (1) in log-linear form, regressing 

the log of citations on the same explanatory variables listed above in the following 

specification:12 

 

[ ] ελβα +++=∑ ∑
t c

cctttt CLASSUNIVAPPAPPCitationsLog )*(  

 

In this case, the coefficient on the university/year interaction term estimates the 

proportionate difference between citations to university patents and citations to the 

controls, ceteris paribus. If an equal proportion of citations is truncated for the university 

and controls at any point in time, in each year the proportionate difference estimated here 

would equal the proportionate difference were citations observed at the end of time. The 

authors report that this proportionate difference becomes insignificant after the mid-

1980s, suggesting that if the citation frequency distributions have the same shape, then 

truncation is not driving the observed quality decline.  

It is more difficult to check for the effects of truncation if the university and 

control-patent samples display different intertemporal distributions of citations, e.g. if 

citations to university patents come later on average than those to other patents. To 

examine this possibility, HJT created a dataset with one observation for each year from 

the application date of each of the patents in their datasets. The authors regressed the 

                                                           
12 This requires dropping all patents with zero citations.   
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number of citations received by a patent in a given year on patent class dummies, 

application year dummies, the university/application year interaction terms, and dummies 

for the lag between the application years of the citing and cited patent, with an interaction 

term allowing for different lag coefficients for the university and control sample patents. 

Specifically, they estimated an equation of the form: 

 

[ ] ( )[ ] εφγλβα ∑∑ ∑ +++++=
j

jjjj
t c

cctttt UNIVLAGLAGCLASSUNIVAPPAPPjYearCitations *)*(.,  

 

where LAGj=1 if the lag between the application year of patent i and the potential citing 

year τ (that is, τ-t) is j years, j=0, 1, 2 … 15.   

In this formulation, the coefficients on the university/application year interaction 

terms (β) give the difference in the number of citations between the university and 

control sample patents in an application year, controlling for the predicted number 

citations, based on the average citation lag structure for each sample. HJT report that this 

exercise reveals quality dynamics that are quite similar to those estimated from their 

other regressions, with university quality advantage diminishing after Bayh-Dole, and 

disappearing after the mid-1980s.  

The approach above controls for differences in average citation lags for university 

and control patents, based on those observed in the data. But it does not "control" for 

truncation if the lag structure itself is changing over time, i.e. if citations to university 

patents come increasingly later over time, or citations to control patents increasingly 

earlier. This possibility provides an explanation for the differences between their results 

and those reported above.  
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Evidence that citations to university patents are arriving increasingly later 

(relative to controls) in more recent application years is provided in Figures 2-4, which 

display plots of the cumulative distribution of citations received in eleven year 

“windows” following the date of application, for the university and control patents 

applied for respectively during 1977-1980, 1981-1984, and 1985-1988 . The value of the 

cumulative distribution function at t=x years after the patent application (0 ≤ x ≤11) is the 

proportion of total citations during the 11-year period that are observed after x years. The 

eleven-year window is employed to enable us to examine the same "span" of citations for 

all patents and identify shifts in the intertemporal distribution of citations within that 

span.  

 The data employed by HJT allowed only four years of citation for the “newest” 

patents in their analysis (those applied for in 1988 by universities or corporations). Figure 

2 shows that the 1977-1980 cohort of patents in our control sample accumulate 16.3% of 

their “total” citations (i.e., total citations accumulated within 11 years) during the first 

four years following their application date. The identical cohort of university patents, 

however, accumulate12.6% of their “total” citations during the first four years following 

their application data. Figure 3 shows that in the 1981-1984 period, these respective 

proportions are 15.1% and 9.4% respectively, and in Figure 4, covering 1985-88, these 

proportions are 18.7% and 12.0% respectively. Visual inspection of these figures 

suggests that the vertical distance between them is increasing not just at t=4 years, but 

also more generally for more recent cohorts of patents. That is, citations to university 

patents are arriving increasingly later (relative to those in the control sample) in more 

recent cohorts.  
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FIGURES 2-4 HERE 

 The data in Figures 2-4 do not control for technological field effects, and we 

accordingly estimated two models to analyze changes in the distribution of citation lags 

for university and control-sample patents. First, we calculated the average lag to forward 

citations for each cited patent, using all citations within 11 years of the application date, 

and estimated the following equation13: 

 
[ ] ελβα +++=∑ ∑

t c
cctttt CLASSUNIVAPPAPPLagCitationAverage )*(  

 

where the dependent variable is the average lag to  all citations to patent i, within the 11 

year window. Second, we performed a similar analysis using median citation lags: 

[ ] ελβα +++=∑ ∑
t c

cctttt CLASSUNIVAPPAPPLagCitationMedian )*(  

The least squares estimates of the differences in average and median citation lags (the β 

coefficients) are shown in Table 2. In 8 of the 9 years before 1984, there are no 

significant differences between the university and controls in the (average or median) 

lengths of lags to "forward" citations. In each after 1984, both the mean and median 

forward lags are significantly longer for the university patents. 

TABLE 2 HERE 

These results confirm that citations to university patents are indeed arriving  

increasingly later relative to citations to the control-sample patents. Thus, there is a 

change in the characteristics of post-1980 university patents. However, this change does 

not reflect a decline in the average number of citations to university patents (relative to 

                                                           
13 Importantly, while the lags in Figures 2-4 were calculated across each citing-cited pair, the "average" and 
"median" lags used in these regressions are calculated at the level of the cited patent. 
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citations to those in the control sample), but rather a change in the intertemporal 

distribution of citations. 

 Interpretation of this shift is difficult, since the meaning of patent citations 

generally is open to different interpretations. Lanjouw and Schankerman (1999) find that 

early citations (those observed within 5 years of application date) are highly correlated 

with their measures of the importance and economic value of a patent that are taken 

directly from the application (i.e. number of claims, number of backward citations, 

number of countries in which patent protection is sought).  Later citations are less 

strongly correlated with  these "time zero" quality measures. Lanjouw and Schankerman 

suggest that this finding may be interpreted in two ways. The first is that later citations 

may represent "citing the classics" and have little to do with economic value of 

inventions. The second is that later citations represent the ultimate market success of an 

invention, which takes time to manifest itself and is not revealed in the early quality 

measures. The latter interpretation is supported by the results of Hall, Jaffe, and 

Trajtenberg (2000), who find that unanticipated future citations (those not predictable by 

early citations) are the most important citations in predicting the market value of the 

patentholding firm.  

 If later citations are essentially noise, then the fact that university patents are cited 

later is consistent with a decline in the "quality" of these patents after Bayh-Dole.  But if 

these late citations are more revealing of the ultimate importance of inventions, their 

exclusion from empirical analyses of this issue may have serious consequences. An 

assessment of this finding thus requires more reflection and empirical work on how and 

why citations might be related to the private value of patents.  
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But as we noted above, other scholars have interpreted patent citations as measures of 

"spillovers" from university research, using citation counts to measure the magnitude of 

such spillovers. In this interpretation, the lengthening citation lags associated with 

university patents means that the patent-embodied knowledge flows from universities are 

incorporated into future patents more slowly in the wake of Bayh-Dole. If "science-

based" patents take more time to be cited in subsequent patents, then this longer lag in the 

citation of university patents might reflect some tendency for U.S. universities to patent 

"science" rather than technology in the aftermath of Bayh-Dole.  Any such tendency may 

be undesirable from a social welfare perspective, if preservation of a scientific 

"commons" is important for scientific progress (see Eisenberg and Heller 1998, 

Eisenberg and Nelson 2001). This warrants further investigation. 

 

6. Conclusions  
 

 The results of this analysis suggest that there has been no decline in the "quality" 

of university patents after Bayh-Dole, if we measure quality by the total number of 

citations to patents. Rather, the quality decline observed by HJT was a result of truncation 

of the citation data. The fact that other scholars (Mowery and Ziedonis 2001; Mowery, 

Sampat and Ziedonis 2002) do not observe a quality decline similar to that reported by 

HJT appears to reflect their use of patent-citation data covering a longer period of time 

than that available to HJT.14   

                                                           
14 Mowery et al. (2002) also do not observe a quality decline, though they use only citations observed 
within 5 years of the issue date of patents. Given a median application-grant lag of 2 years, this yields 
approximately seven years of citation data, which may be enough. That analysis uses a control sample that 
differs from that used by HJT and excludes self-citations, which may also be responsible for the differences 
in results.  
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 The sensitivity of these results to truncation and the difficulties in controlling for 

truncation in the face of shifts in citation lags also suggest that the use of patent-citation 

data to evaluate relatively recent policy changes is problematic and any results must be 

interpreted with great care and caution.   

The "meaning" of patent citations is itself subject to multiple interpretations, and 

these different interpretations make it difficult to draw strong conclusions from the 

changes that we have observed in the intensity and timing of citations to university 

patents.15  

  Finally, the most important questions relating to the effects of the Bayh-Dole Act 

on U.S. university research and technology transfer cannot be answered solely with 

patent citation data. Has Bayh-Dole affected the incentives of academic researchers? 

Does the introduction of commercial incentives into university research threaten the 

norms of academe? Have universities begun to patent and license "science" that they 

previously disseminated freely? Are patents on academic research outputs necessary to 

facilitate technology transfer? These are important questions that cannot be addressed 

with patent and patent citation data alone. In addition to paving the ground for subsequent 

work using patent citation data, another "spillover" from the paper by Henderson and 

colleagues is that it has focused attention and stimulated research on the broader issues 

relating to the effects of Bayh-Dole, an important contribution indeed.  

 

                                                           
15 Several scholars (Lanjouw and Schankerman 1999; Hall et al. 2000; Jaffe et al. 2000; Sampat and 
Ziedonis 2000) have begun to explore the economic significance of different types of patent citations, 
research that should prove illuminating. 
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