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Abstract
In patent infringement cases, there is often a need 

to rely upon patent license agreements and patent sale 
agreements to determine the royalty that the alleged 
infringer should pay for using the patent-in-suit. When 
the payment in the license or sale agreement reflects 
compensation for more than the patent-in-suit, it may 
be necessary to apportion the royalty or price to account 
for the value attributed to the other patents in the port-
folio. In order to account for the well-known dispropor-
tionality of patent values, we propose the use of infor-
mation from various patent value distribution studies to 
aid in this apportionment. This paper summarizes the 
literature related to patent value distributions and pro-
vides a framework for how these distributions may be 
used in patent litigation to apportion patent value from 
license or sale agreements.
I. Introduction

Experts in patent infringement cases frequently 
rely upon patent license agreements and patent 
sale agreements to determine the royalty that 

the alleged infringer should pay for using the patent-
in-suit. This is possible when the agreement transfers 
rights to the patent-in-suit or when it transfers rights 
to another patent that is technically comparable to the 
patent-in-suit. In situations where the license or sale 
agreement involves only, or primarily, the patent-in-
suit or a technically comparable patent, use of these 
agreements is usually simple and straightforward. In 
other situations, however, when the license or sale 
agreement transfers rights to a large portfolio of pat-
ents, using these agreements to determine the value of 
just the patent-in-suit can present challenges. 

In situations where the royalty or price paid in these 
agreements does not reflect compensation for just 
the patent-in-suit or a technically comparable patent, 
in order for the license or sale agreement to provide 
probative evidence regarding the value of just the pat-
ent-in-suit, it often is necessary to apportion the roy-
alty or price from the agreement to account for the 
other patents included in the portfolio.1 Because of 

well-established research that shows that patent values 
are highly skewed,2 this apportionment can rarely be 
achieved by merely dividing the royalty or price in the 
agreement by the number of patents in the portfolio.3 

One method that may be used to apportion the 
royalty or price paid in these agreements, which ac-
counts for the dispropor-
tionality of patent values, 
relies upon information 
from academic research 
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1. While this study focuses on the use of patent value distri-
butions to apportion value in patent portfolio license and sale 
agreements in the context of patent infringement litigation, such 
apportionment may also be relevant in certain non-litigation con-
texts as well. Hence, the data and methodologies discussed here 
may also be useful and relevant in these other contexts. 

2. See, e.g., Mark Schanker-
man, “How Valuable is Pat-
ent Protection? Estimates by 
Technology Field,” 29 Rand J. 
Econ. 77, 79 (1998); Yi Deng, 
“A Dynamic Stochastic Analysis 
of International Patent Applica-
tion and Renewal Processes,” 
29 Int’l J. Indus. Org. 766, 
774-775 (2011); Manuel Tra-
jtenberg, “A Penny for Your 
Quotes: Patent Citations and 
the Value of Innovations,” 21 
Rand J. Econ. 172, 173 (1990); 
Dietmar Harhoff et al., “Citations, Family Size, Opposition and 
the Value of Patent Rights,” 32 Res. Pol’y 1343, 1344 (2003) 
[hereinafter Harhoff et al., “Citations, Family Size, Opposition”]; 
Ariel Pakes, “Patents as Options: Some Estimates of the Value of 
Holding European Patent Stocks” 54 Econometrica 755, 776-77 
(1986) [hereinafter Pakes, “Patents as Options”]; Mark Schanker-
man & Ariel Pakes, “Estimates of the Value of Patent Rights in 
European Countries During the Post-1950 Period,” 96 Econ. J. 
1052, 1052-53 (1986); Jean Olson Lanjouw, “Patent Protection 
in the Shadow of Infringement: Simulation Estimations of Patent 
Value,” 65 Rev. Econ. Stud. 671, 695 (1998); Bronwyn H. Hall 
et al., “Market Value and Patent Citations,” 36 Rand J. Econ. 16, 
18 (2005) [hereinafter Hall et al., “Market Value and Patent Cita-
tions”]; F.M. Scherer & Dietmar Harhoff, “Technology Policy for 
a World of Skew-distributed Outcomes,” 29 Res. Pol’y 559, 559-
60 (2000); Nicolas van Zeebroeck, “The Puzzle of Patent Value 
Indicators,” 20 Econ. Innovation & New Tech. 33, 33 (2011); 
Gerald Silverberg & Bart Verspagen, “The Size Distribution of In-
novations Revisited: An Application of Extreme Value Statistics 
to Citation and Value Measures of Patent Significance,” 139 J. 
Econometrics 318, 323 (2007); Jonathan A. Barney, “A Study of 
Patent Mortality Rates: Using Statistical Survival Analysis to Rate 
and Value Patent Assets,” 30 Aipla Q. J. 317, 329 (2002).

3. While numeric proportionality may be appropriate in cer-
tain situations, such as those involving license or sale agreements 
with a limited number of patents where there is evidence of 
equal value, the larger the number of patents in the portfolio, 
the less likely the patents all possess equal value.  
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regarding the distribution of patent values for differ-
ent groups of patents. This research, which utilizes a 
range of methodologies and a variety of data for dif-
ferent time periods and different countries, provides 
information about how much of the total value from 
different groups of patents come from one or more 
patents within the group, i.e., how much of the to-
tal value of all electronics patents comes from the top 
10 percent of patents. This information can then be 
combined with information about the relative value 
of the patent-in-suit or technically comparable patent 
compared to other patents in the portfolio to apportion 
the royalty or price in the agreement.

The purpose of this article is to summarize relevant 
academic research that provides insight into the distri-
bution of patent values and to discuss how the results 
from this research may be used to apportion the royalty 
or price paid in portfolio license and sale agreements. 
In Section II, we summarize the literature related to 
patent value distributions; in Section III, we provide a 
framework for how these distributions may be used in 
patent litigation to apportion patent value from license 
or sale agreements; and in Section IV, we offer some 
general conclusions and observations.
II. Patent Value Distributions 
A. Distributions Based on Patent Renewals 

Several researchers have used patent renewals to 
study the value of patents.4 What makes this kind of 
analysis possible is that patent holders need to pay re-
newal fees, which usually increase over time, in order 
to keep patent protection in force.5 The underlying 
premise of the patent renewal research is that paten-
tees compare the return to patent protection to the 
cost of maintaining that protection and respond opti-
mally by either paying the renewal fees to renew the 
patents or not paying the renewal fees and letting the 
patents lapse.6 

This is consistent with general economic theory, 
which holds that individuals and companies will invest 
in an asset only if the expected economic benefits gen-
erated by the asset exceed the expected investment 
required to obtain or maintain the asset, taking into 

account relevant risk factors, anticipated rates of re-
turn, and other considerations.7 Hence, a rational 
patent owner should choose to pay the maintenance 
fees for a patent only if it believes the expected future 
stream of benefits from that patent exceed the cost of 
the maintenance fees.8 As a result, the length of a pat-
ent’s life, and in particular the amount of maintenance 
fees that were or were not paid for that patent, reveals 
relevant information about the expected value of the 
patent to its owner—assuming rational economic de-
cision-making.9 

This section provides a summary of some of the 
more frequently cited studies on patent renewals. 
These studies generally reflect the findings in the liter-
ature on this subject. 
Pakes (1986)

Pakes (1986) utilized observations on the propor-
tions of different cohorts of patents which are renewed 
at alternative ages, together with the relevant renewal 
fee schedules, to determine the distribution of patent 
values and the evolution of these distributions over 
the lifespan of the patents.10 This research was based 
upon all French patents applied for between 1951 and 
1979, all U.K. patents applied for between 1950 and 
1974, and German patents granted from applications 
between 1952 and 1972.11 Table 1, below, summarizes 
the cumulative shares of realized patent values report-
ed by Pakes (1986) for each percentile.12 

4. See, e.g., Schankerman, supra note 2, at 78; Pakes, “Pat-
ents as Options,” supra note 2, at 755; Richard J. Sullivan, “Esti-
mates of the Value of Patent Rights in Great Britain and Ireland,” 
1852–1876, 61 Economica 37, 37 (1994); Deng, supra note 2, 
at 766; Lanjouw, supra note 2, at 671; Schankerman & Pakes, 
supra note 2, at 1052. 

5. Schankerman, supra note 2, at 87; Pakes, “Patents as Op-
tions,” supra note 2, at 755-756, 769; Schankerman & Pakes, 
supra note 2, at 1052; H. Phoebe Chan, “The Determinants 
of International Patenting for Nine Agricultural Biotechnology 
Firms,” 58 J. Indus. Econ. 247, 255 (2010). 

6. Deng, supra note 2, at 766; Schankerman & Pakes, supra 
note 2, at 1052. 

7. Barney, supra note 2, at 325-326; Chan, supra note 5, at 260. 
8. Pakes, “Patents as Options,” supra note 2, at 755; van Zee-

broeck, supra note 2, at 37. Barney (2002) argues that “not all 
relevant decision makers will behave rationally and economical-
ly in all cases. Individual decision makers may choose to invest 
uneconomically in patents or other intellectual property assets 
for a variety of reasons, for example, to achieve personal rec-
ognition or to superficially ‘dress up’ balance sheets to attract 
potential investors or buyers. A variety of individual psychologi-
cal factors can also influence investment decisions, sometimes 
producing irrational or non-economical results.” Barney, supra 
note 2, at 326.

9. Schankerman, supra note 2, at 78; Deng, supra note 2, 
at 766; Schankerman & Pakes, supra note 2, at 1052; van Zee-
broeck, supra note 2, at 37. Note that the expected value of 
the patent may be different than its actual value and the value 
expected by the patent owner may be different than the value 
expected by third parties.

10. Pakes, “Patents as Options,” supra note 2, at 755. 
11. Id. at 767-768 (see Table 1). Schankerman and Pakes 

(1986) used similar data and a similar methodology to esti-
mate the private value of United Kingdom patents applied for 
between 1950 and 1976, French patents applied for between 
1951 and 1979, and German patents applied for between 1952 
and 1978—though they only reported values for patents in the 
1970 cohort. Schankerman & Pakes, supra note 2, at 1052, 
1055-1056, 1067.

12. Pakes, “Patents as Options,” supra note 2, at 777. 
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These results suggest that the bottom 50 percent of 
patents in France, the U.K., and Germany account for 
1.83 percent, 3.25 percent, and 7.34 percent of the 
total realized value, respectively. The top 10 percent 
of patents comprise 68.74 percent, 55.74 percent, and 
47.33 percent of the total value of patents in these 
countries, respectively. The distributions in all coun-
tries, though different, are all highly skewed.13 
Schankerman (1998)

In his article, “How Valuable is Patent Protection? Es-
timates by Technology Field,” Schankerman (1998) uti-
lized patent renewal data for nearly all patents applied 
for in France during the period 1969-1982 to estimate 
the private value of patent rights in the following four 
technology fields: pharmaceuticals, chemicals, me-
chanical, and electronics.14 The main empirical findings 
of Schankerman (1998) are that the distribution of the 
private value of patent rights is highly skewed in all 
technology fields, with most of the value concentrated 
in a relatively small number of patents in the right tail 
of the distribution.15 Schankerman (1998) found that, 
for all four technology groups studied, the lognormal 
distribution fit the data better than other distributions 
tested.16 Schankerman (1998) provided a summary of 
patent values for the different technology groups at 
six different quantiles which showed that most patents 

have very little private value and that the value rises 
sharply with the quantile, especially for mechanical 
and electronics patents.17 

Using the results in Schankerman (1998), one can 
estimate the share of value that comes from patents at 
each percentile in the distribution and the cumulative 
share that comes from different groups of patents. To 
estimate these shares, we created a set of patent values 
for each percentile in the distribution and calculated 
each percentile’s share of the total value. The patent 
values at each percentile were estimated by simulating 
a lognormal distribution that fits the reported 95th and 
99th percentiles of the distribution of patent values 
reported in Schankerman (1998). Specifically, we gen-
erated a simulated set of patent values, Vi, based upon 
one million random draws of Xi from a standard normal 
distribution such that:

Vi = exp(µ+(σ×Xi ),with Xi~N(0,1)
Note that µ and σ in the above equation can be deter-

mined by solving the following simultaneous equations:
V95= exp(µ+(σ×U95))
V99= exp(µ+(σ×U99))

where V95 and V99 are the 95th and 99th percentiles of 
value reported by Schankerman (1998) and U95 and U99 
are the results of the inverse normal functions evaluat-
ed at 0.95 and 0.99, respectively. Using the electron-
ics (excluding Japan) category as an example, V99 = 
481,429 and V95 = 113,403, yielding µ = 8.14625 
and σ = 2.12307.

Based upon the shares estimated for each percen-
tile in the distribution, we calculated the cumulative 
shares for different groups of patents in the distribu-
tion and report this information in Table 2.18 

13. Id. at 777. Schankerman and Pakes (1986) similarly found 
that “the distribution of the value of patented ideas is very 
disperse and highly skewed” (i.e., “there is a concentration of 
patent rights with very little private economic value” and that 
much of the total value of patents is concentrated in the tail of 
the value distributions). Schankerman & Pakes, supra note 2, at 
1053, 1067, 1069, 1074. 

14. Schankerman, supra note 2, at 78.
15. Id. at 79.
16. Id. at 88.

17. Id. at 93-94.
18. Note that these shares differ from the shares reported by 

Schankerman (1998) for the top 1% and top 5% of patents be-
cause the shares of values used by Schankerman (1998) to derive 
the cumulative shares for the top 1% and top 5% of patents were 
based on approximations using values at the 0.95, 0.975, and 
0.99 percentiles, rather than on simulations that more precisely 
estimate patent values at percentiles between the 0.95 and 0.99 
percentiles. For example, Schankerman (1998) estimated the 
share of value for patents in the 0.99 percentile as 0.01 V99/ VMean 
where V99 is the value for the top percentile and VMean is the mean 
value. As noted by Schankerman (1998), this method results in 
a lower estimate of patent value shares since it assigns the lower 
bound values of V99 to all patents in the top percentile. In a simi-
lar way, the approximation used by Schankerman (1998) for the 
top 5% of patents assigns the value at the 0.975 percentile to all 
patents between the 0.975 percentile and the 0.99 percentile 
and the value at the 0.95 percentile to all patents between the 
0.95 percentile and the 0.975 percentile. In contrast, the shares 
reported in Table 2 are based upon simulated values for all pat-
ents in the distribution. Because patent values were simulated 
to fit a lognormal distribution, the simulated values of patents 
between two percentiles will necessarily be higher than the value 
at the lower percentile. 

Table 1: Cumulative Share Of Realized 
Patent Value - Pakes (1986)

 French, U.K., And German Patents 
With Application Dates: 1950-1979 

Percentile France U.K. Germany

25% 0.54% 0.55% 2.25%

50% 1.83% 3.25% 7.34%

75% 8.09% 16.37% 25.29%

85% 19.58% 31.72% 41.00%

90% 31.26% 44.26% 52.67%

95% 52.46% 62.96% 69.22%

97% 65.51% 73.64% 78.35%

98% 73.73% 80.07% 83.80%

99% 84.01% 87.86% 90.33%
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significant skew across all 
technology fields, there are 
differences across technol-
ogy groups. As observed by 
Schankerman (1998), these 
differences fall into two cat-
egories: in the pharmaceu-
ticals and chemicals fields, 
the value distributions are 
characterized by relatively 
low mean and dispersion, 
and slow rates of depreci-
ation; for mechanical and 
electronic patents, the val-
ue distributions are char-
acterized by a higher mean 
value, greater dispersion, 

and faster depreciation.20 
Barney (2002)

Barney (2002) examined the value distribution of 
U.S. patents by analyzing the survival rates of approxi-
mately 70,000 U.S. patents issued in 1986.21 Using the 
abandonment rates of these patents, together with the 
escalating maintenance fees that are required of U.S. 
patents, Barney (2002) estimated the value contribu-
tions of the patents, by percentile.22 The cumulative 
share of value by percentile implied by these results is 
shown in Table 3. These results suggest that the bot-
tom 50 percent of patents represent 6.7 percent of the 
total value of the patents and that the top 10 percent 
of patents account for 70.1 percent of the total value 
of the patents. These results “support the view, long 
held by many in the field, that patent values are highly 
skewed. A relatively large number of patents appear 
to be worth little or nothing while a relatively small 
number appear to be worth a great deal.”23 
Deng (2011)

Deng (2011) developed a joint patent renewal and 
patent application model to estimate the distribution 
of patent values of pharmaceutical and electronics 
patents whose applications were submitted to the 
European Patent Office (“EPO”) between 1980 and 
1985.24 Using this model, Deng (2011) obtained in-
formation on the distribution of patent values in the 
following EPO member countries: Austria, Belgium, 
Switzerland, Germany, France, U.K., Italy, Luxem-

As Table 2 shows, the distribution of patent values 
in all technology fields is highly skewed. For example, 
the bottom 50 percent of pharmaceutical, chemicals, 
mechanical, and electronics patents comprise 7.86 
percent, 6.06 percent, 2.39 percent, and 0.88 - 1.67 
percent of the total value of patents in these technolo-
gy categories, respectively. The top 10 percent of pat-
ents account for 55.33 percent, 60.62 percent, 75.77 
percent, and 80.16 percent - 86.28 percent of the 
total value of pharmaceutical, chemicals, mechanical, 
and electronics patents, respectively. Though there is 

19. Range based upon shares in the Electronics technology 
group (all electronics patents) and the Electronics technology 
group (all electronics patents except patents with Japanese 
ownership).

20. Schankerman, supra note 2, at 79.
21. Barney, supra note 2, at 320-349.
22. Id. at 320-349.
23. Id. at 329. 
24 Deng, supra note 2, at 766-769.

Table 2: Cumulative Share Of Total Value - Schankerman (1998) 
French Patents With Application Dates: 1969-1982

Percentile Pharmaceuticals Chemicals Mechanical Electronics19

1% 0.01% 0.01% 0.00% 0.0%

5% 0.11% 0.07% 0.01% 0.00% - 0.01%

10% 0.35% 0.23% 0.06% 0.01% - 0.03%

25% 1.83% 1.30% 0.40% 0.12% - 0.25%

50% 7.86% 6.06% 2.39% 0.88% - 1.67%

75% 22.96% 19.07% 9.60% 4.47% - 7.31%

90% 44.67% 39.38% 24.23% 13.72% - 19.84%

95% 59.06% 53.73% 36.85% 23.26% - 31.41%

99% 81.90% 78.12% 63.54% 48.05% - 57.83%

Table 3: 
Cumulative Share Of Value - Barney (2002) 

U.S. Patents With Issue Dates: 1986
Percentile Cumulative % of Total

1% 0.01%

5% 0.03%

10% 0.2%

25% 1.5%

50% 6.7%

75% 18.7%

90% 29.9%

95% 56.2%

99% 82.1%

99.9% 93.9%

99.99% 98.2%

99.999% 100.0%
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bourg, Netherlands, and Sweden.25 Table 4 shows the 
cumulative distributions of the initial returns for each 
technology field across countries for the 50 percent, 90 

percent, and 99 percent 
percentiles, as reported 
by Deng (2011). 26

As Table 4 shows, 
Deng (2011) found that, 
across all countries and 
technology categories, 
the distribution of initial 
patent returns is highly 
skewed.27 Across coun-
tries, the initial returns 
of the bottom 50 percent 
of pharmaceutical pat-
ents and electronics pat-
ents comprise between 
0.48 percent - 0.82 per-
cent and 0.94 percent - 
1.05 percent of the total 
initial returns for these 
technologies, respective-
ly. The top 10 percent of 
pharmaceutical patents 
and electronics patents 
comprise between 86.48 

percent - 91.84 percent and 84.69 percent - 86.13 per-
cent of the total initial returns across countries for these 
technologies, respectively. There is very little difference 
in the mean and median of cumulative initial returns 
across countries for both technology categories and all 
three percentiles. 

The highly skewed nature of patent values can also 
be seen by examining the value distribution of the 
patent families over their whole lives (as opposed to 
the value distribution of the initial returns).28 As Table 
5 shows,29 across all 10 EPO member countries,30 the 
bottom 50 percent of pharmaceutical and electronics 
patents comprise less than 1 percent of the total value; 

25. Id. at 773. According to Deng (2011), “Patent application 
with the EPO is a two-stage process. When an application is 
initially submitted to the EPO, the applicant must decide which 
EPO member countries he would like to designate for future 
patent protection, by paying a per-country designation fee, 
in order to keep alive the option of transferring granted EPO 
application into national patents in these countries later. The 
application then goes through an examination process which 
usually takes three to four years (Deng, 2007). Once the patent 
application is granted, the applicant then decides whether to 
pay an additional lump-sum expense (including translation and 
other administrative costs) in each of the designated countries 
and transfers the granted application into national patents in 
those countries; national patent laws apply thereafter, including 
the requirement of paying an annual patent renewal fee to keep 
the patent alive.” Id. at 767. 

Table 4: Cumulative Share Of Initial Returns - Deng (2011)
10 EPO Countries With Application Dates: 1980 Through 1985

Pharmaceuticals Electronics

Country
Percentile Percentile

50% 90% 99% 50% 90% 99%

Austria 0.48% 8.16% 30.21% 1.05% 15.28% 51.42%

Belgium 0.78% 13.18% 47.45% 1.03% 15.02% 49.09%

Switzerland 0.64% 10.76% 41.90% 1.02% 15.31% 51.09%

Germany 0.61% 10.38% 39.40% 0.99% 14.76% 49.48%

France 0.82% 13.52% 50.01% 0.95% 13.87% 45.91%

U.K. 0.64% 10.65% 39.36% 1.00% 14.74% 47.49%

Italy 0.69% 11.32% 42.71% 1.04% 15.24% 51.82%

Luxembourg 0.68% 11.37% 42.72% 0.94% 14.02% 46.33%

Netherlands 0.73% 12.06% 44.50% 1.02% 14.89% 49.49%

Sweden 0.73% 12.21% 48.02% 1.02% 15.18% 51.63%

Mean 0.68% 11.36% 42.63% 1.01% 14.83% 49.38%

Median 0.69% 11.35% 42.72% 1.02% 14.96% 49.49%

Table 5: Cumulative Share Of Total Value-Deng (2011) 
10 EPO Countries With Application Dates: 

1980 Through 1985

Percentile Pharmaceuticals Electronics

50% 0.87% 0.88%

75% 4.74% 4.79%

90% 14.86% 14.17%

95% 25.37% 23.38%

99% 50.84% 46.37%

99.9% 78.17% 71.67%

26. Id. at 773-774.  
27. Id. at 773. The cumulative shares for the 50%, 90%, and 

99% percentiles of electronics patents in France reported by 
Deng (2011) are very similar to those implied by Schankerman 
(1998) for French patents in the electronics field. Schankerman 
(1998) suggests that the cumulative share for electronics patents 
for the 50% percentile were 0.88% - 1.67%, for the 90% percentile 
were 13.72% - 19.84%, and for the 99% percentile were 48.05% 
- 57.83%. The cumulative shares from Deng (2011) for pharma-
ceutical patents in France, however, are much different than 
those reported by Schankerman (1998). Schankerman (1998) 
suggests that the cumulative share for pharmaceutical patents 
for the 50% percentile was 7.86%, for the 90% percentile were 
44.67%, and for the 99% percentile was 81.90%.  

28. Deng, supra note 2, at 774-775. 
29. Estimates in Table 5 are the Lorenz curve coefficients of 

the simulated distribution reported by Deng (2011). Id. at 774.
30. Deng (2011) does not report the distributions for patent 

values over the life of the patents separately by country.
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the top 10 percent of pharmaceutical and electronics 
patents account for 85.14 percent and 85.83 percent 
of patents in these technology categories, respectively. 
B. Distributions Based on Surveys and Licensing 
Royalties 
Scherer and Harhoff (2000)

In order to assess the distribution of patent values, 
Scherer and Harhoff (2000) conducted two analyses. 
First, they performed a survey of owners of German 
patents that resulted from German patent applications 
filed in 1977 and owners of related U.S. patents.31 As 
part of the survey, respondents were asked to identify 
the smallest amount that they would have been willing 
to sell each patent for, had they possessed full knowl-
edge of the profit potential of the patent.32 Respond-
ents subsequently placed each patent in one of five 
value categories ranging from less than DM 40,000 to 
more than DM five million.33 

Second, as part of their assessment of the distri-
bution of patent values, Scherer and Harhoff (2000) 
examined a) the royalties received between 1977 and 
1995 on 118 patent “bundles” covering inventions 
made by Harvard University employees and licensed by 
the Harvard Office of Technology Licensing, and b) the 
royalties received between 1991 and 1995 on inven-
tions made at six research-oriented U.S. universities.34 
These royalties were used to assess the relative value 
of each patent and the distribution of patent values 
within each group. 

Their research revealed “a high level of confidence 
that the size distribution of private value returns from 
individual technological innovations is quite skewed—
most likely adhering to a log normal law. A small minori-
ty of innovations yield the lion’s share of all innovations’ 

total economic value.”35 Table 6 shows the proportion 
of total value realized by the top 10 percent of patents 
reported by Scherer and Harhoff (2000). 

These results suggest that 84 percent of the value of 
the German patents and 81 to 85 percent of the value 
of the U.S. patents comes from the top 10 percent 
of patents studied. Their results also suggest that 84 
percent of the royalties from the Harvard patents and 
between 91.5 percent and 93 percent of the royalties 
from the six research universities come from the top 
10 percent of patents. 
C. Distributions Based on Stock Price Movements 

Event study methodologies are some of the most 
frequently used analytical tools in financial research.36 
Event studies seek to find the abnormal returns at-
tributable to the event being studied by adjusting for 
the return that is attributable to the price fluctuation 
of the market as a whole.37 One common variant of 
this methodology estimates what the “normal” stock 

Table 6: Top 10% Of Patents Share Of Value - 
Scherer And Harhoff (2000) 

Survey - U.S. And German Patents 
With Application Dates: 1977 

Royalties - 1991-1995

Number Of 
Observations

Percent Of 
Value 

In Top 10%

Survey 

   German Patents 772 84%

   U.S. Patents 222 81%-85%

Analysis Of Royalties

   Harvard 118 84%

   Six Universities

      1991 Royalties 350 93%

      1992 Royalties 408 92%

      1993 Royalties 466 91.5%

      1994 Royalties 411 92%

 31. Scherer & Harhoff, supra note 2, at 560. See also Diet-
mar Harhoff et al., “Exploring the Tail of Patented Value Distri-
butions,” 97-30 Center Eur. Econ. Res. 1, 5-6 (1997).

32. Scherer & Harhoff, supra note 2, at 560.
33. Id. at 560-561.
34. Id. at 561. Scherer and Harhoff (2000) also examined 

the distribution of innovation values reflected in five other da-
tasets. The values in these datasets were not specifically related 
to patents and, hence, are less relevant for our research. Two 
datasets were based on the asset value appreciation (or loss) ex-
perienced on a total of 1,053 investments in startup companies 
by U.S. venture capital firms between 1969 and 1988; one da-
taset was based on the appreciation of common stock values as 
of 1995 for 131 high-technology companies that had initial pub-
lic offerings between 1983 and 1986; and two datasets were 
based on the discounted present value of quasi-rents realized 
on new pharmaceutical entities marketed in the United States, 
98 of them introduced during the 1970s and 66 introduced be-
tween 1980 and 1984. The degree of skewness associated with 
the innovation values from these datasets is less than that sug-
gested in Table 6 (e.g., between 48% and 62% of the total value 
from these datasets came from the top 10% of the samples, as 
opposed to between 81% and 93% for the datasets in Table 6).  

35. Id. at 565.
36. Pamela P. Peterson, “Event Studies: A Review of Issues 

and Methodology,” 28 Q. J. Bus. And Econ. 36, 36 (1989).
37. Ronald J. Gilson and Bernard S. Black, “The Law and Fi-

nance of Corporate Acquisitions,” 2 Foundation Press 1, 194-
195 (1995); Charles J. Corrado, “Event Studies: A Methodology 
Review,” 51 Accounting & Finance 207, 209 (2011). Event stud-
ies were originally introduced in landmark studies by Ball and 
Brown (1968) and Fama et al. (1969). Ray Ball & Philip Brown, 
“An Empirical Evaluation of Accounting Income Numbers,” 6 J. 
Accounting RES. 159, 159-178 (1968); Eugene F. Fama et al., 
“The Adjustment of Stock Prices to New Information,” 10 Int. 
Econ. Rev.  1, 1-21 (1969). 
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return of the affected firm would have been during 
the event window, absent the event, by using an es-
timation window prior to the event. Thereafter, the 
method deducts this “normal” return from the “actual” 
return to identify the “abnormal” return attributed to 
the event.38 The event being studied often is related 
to the release of information to market participants 
through the financial press.39 

Originally developed as a statistical tool for empiri-
cal research in accounting and finance, event studies 
have become common in numerous other disciplines 
as well, including economics, history, law, manage-
ment, marketing, and political science.40 The idea that 
stock market fluctuations can be linked to patent value 
is not new.41 Event studies have been used by several 
researchers to try to disentangle the value of patents 
from changes in stock prices following news about pat-
ents. While there is research that links patent value to 
stock price movements, we are unaware of any papers, 
other than Kogan et al. (2017), that report the patent 
values that were estimated as part of the studies. 
Kogan et al. (2017)

Kogan et al. (2017) estimated the private value of 
U.S. patents using stock market responses to news 
about patents.42 They focused on patents granted over 
the period 1926 to 2010 whose assignee could be 
matched to public companies for which stock price 
information could be obtained.43 Kogan et al. (2017) 
analyzed stock price movements during a three-day 

announcement window beginning the day the patent 
issued.44 Because stock prices may have fluctuated dur-
ing the announcement window for reasons unrelated 
to the patents, they isolated each firm’s idiosyncrat-
ic return related to the patent’s issuance—defined 
as the firm’s return minus the return on the market 
portfolio.45 Kogan et al. (2017) estimated the value of 
each patent as the product of the estimate of the stock 
return due to the value of the patent and the market 
capitalization of the firm that was assigned the pat-
ent.46 Kogan et al. (2017) report that “the resulting 
distribution of the estimated patent values is fat-tailed, 
consistent with past research.”47 

The authors provided subsequent patent value esti-
mates using updated data on U.S. patents issued from 
1926 to 2019 that were calculated using the same meth-
odology described in Kogan et al. (2017).48 This updated 
data included patent values for 2.8 million U.S. patents. 
We merged the information on patent values obtained 
from these updated data with information from the 
United States Patent and Trademark Office (USPTO) 
regarding the primary Cooperative Patent Classifica-
tion (CPC) code assigned to each patent.49 Using these 
data, we estimated the patent value distributions for 
groups of patents in different CPC categories. In choos-
ing which groups of patents in the CPC to analyze, we 
sought to study the same technology classifications in 
Schankerman (1998)—namely pharmaceuticals, chemi-
cals, mechanical, and electronics. 

Toward that end, for the pharmaceutical sector, we 
used all patents in Subclass A61K of Class A61 of Sec-
tion A of the CPC;50 for the chemicals sector, we used 
all patents in Section C of the CPC; for the mechanical 
sector, we used all patents in Section F of the CPC; 
and for the electronics sector, we used all patents in 
Section H of the CPC. Table 7 provides the CPC de-
scriptions and the number of patents in our sample for 
each of these four technology categories.

38. Corrado, supra note 37, at 210.
39. Peterson, supra note 36, at 36.
40. Corrado, supra note 37, at 207. 
41. For example, Pakes (1985) examined the relationship be-

tween patents and the stock market rate of return in a sample 
of 120 firms during the 1968-1975 period. He found that unex-
pected arrivals of patents are associated with significant increas-
es in the firm’s market value. Ariel Pakes, “On Patents, R&D, 
and the Stock Market Rate of Return,” 93 J. Political Econ. 390, 
398, 406 (1985). Using a large sample of publicly traded compa-
nies, Hall, Jaffe, and Trajtenberg (2005) show that firms owning 
highly cited patents have higher stock market valuations. Hall 
et al., “Market Value and Patent Citations,” supra note 2, at 16. 
See also Tom Nicholas, “Does Innovation Cause Stock Market 
Run-ups? Evidence from the Great Crash,” 98 American Econ. 
Rev. 1370, 1370-1396 (2008). 

42. Leonid Kogan et al., “Technological Innovation, Resource 
Allocation, and Growth,” 132 Q. J. Econ. 665, 665-666 (2017). 

43. Id. at 672-673. Kogan et al. (2017) reported that, of the 
6.2 million patents granted from 1926 to 2010, 4.4 million con-
tained information about the assignee of the patent. Of these, 
they were able to match 1.9 million patents with public firms 
in the CRSP database. Restricting their sample to patents with 
a unique assignee, patents issued while the firm had non-miss-
ing market capitalization information in CRSP, and patents for 
which they could compute return volatilities resulted in a final 
sample of 1.8 million patents.

44. Id. at 674. For robustness, Kogan et al. (2017) also tested 
a five-day announcement window and obtained quantitatively 
similar results.

45. Id. at 671, 674, 677.
46. Id. at 677.
47. Id. at 667.
48. Dimitris Papanikolaou & Amit Seru, “Extended Data” (till 

2019) following Kogan, L., Papanikolaou, D., Seru, A. and Stoff-
man, N., 2017, https://github.com/KPSS2017/Technological-
Innovation-Resource-Allocation-and-Growth (last visited July 8, 
2020).

49. The CPC system arranges subject matter into hierarchical 
arrays. The highest array or level is the Section. Each section is 
subdivided into Classes. Each Class is subdivided into one or 
more Subclasses. Each Subclass is broken down into Groups. 

50. The CPC defines Section A as Human Necessities and 
Class A61 as Medical or Veterinary Science/Hygiene.
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Kogan et al. (2017) reported both nominal values 
and real values, which were deflated to 1982 dollars 
using the Consumer Price Index. In order to control 
for the impact of inflation on patent values, we based 
our analysis on real values. Using these values, we cal-
culated the cumulative patent value shares for each of 
these technology categories. These shares are shown 
in Table 8 for different percentiles in the distribution. 

As these data show, the cumulative patent value dis-
tributions for patents in these technology classes ex-
hibited significant skew. For example, the bottom 50 

percent of pharmaceutical, chem-
icals, mechanical, and electronics 
patents comprise 5.08 percent, 
6.60 percent, 6.44 percent, and 
4.64 percent of the total value of 
patents in these technology cat-
egories, respectively. The top 10 
percent of patents account for 
57.48 percent, 59.76 percent, 
52.27 percent, and 60.01 percent 
of the total value of pharmaceu-
tical, chemicals, mechanical, and 
electronics patents, respectively. 
While these patent value distri-
butions differ across technology 
categories, the differences appear 
to be less than those suggested by 
Schankerman (1998).

While we have attempted to use 
the same technology categories 
as Schankerman (1998), it is not 
clear how similar the CPC tech-
nology categories that we utilized 
are to the technology categories 
used by Schankerman (1998). It 
is possible that the Schankerman 
(1998) categories are more or less 
broad, or just different, than those 
used in our analysis. In order to 
analyze the sensitivity of our re-
sults to our selection of CPC tech-
nology category (i.e., how broad 
or narrow the category is defined), 
we compared the patent value dis-
tributions for CPC Section H (Elec-
tricity) with those for the five main 
CPC classes of Section H (Classes 
H01, H02, H03, H04, and H05) 
and the 10 main CPC Subclasses 
of Class H01 (H01B, H01F, H01H, 
H01J, H01L, H01M, H01P, H01Q, 
H01R, and H01S). Tables 9 and 10 
provide descriptions and the num-
ber of patents in our sample for 

each of these CPC technology categories.
One way to analyze the similarity in the distribu-

tions of patent values for these various groups of pat-
ents is to examine the difference in cumulative shares 
of value for each group of patents at each percentile 
in the distribution. We compared the cumulative share 
of value at each percentile of the distribution for all 
patents in Section H with that of each of the five main, 
3-digit Classes of Section H and each of the 10 main, 
4-digit Subclasses of Class H01. Table 11 shows de-
scriptive statistics regarding the percentage point dif-

Table 7: Technology Categories - Patent Sample (1926-2019)

Technology CPC Code CPC Description
# U.S. 

Patents

Pharmaceuticals
Subclass 
A61K

Preparations For Medical, 
Dental, Or Toilet Purposes

27,713

Chemicals Section C Chemistry; Metallurgy 384,769

Mechanical Section F
Mechanical Engineering; 
Lighting; Weapons; Blasting

200,834

Electronics Section H Electricity 826,468

Table 8: Cumulative Share Of Patent Value - Kogan et al. (2017) 
U.S. Patents With Issue Dates: 1926-2019

Percentile Pharmaceuticals Chemicals Mechanical Electronics

1% 0.00% 0.00% 0.00% 0.00%

5% 0.03% 0.03% 0.02% 0.01%

10% 0.12% 0.15% 0.10% 0.03%

25% 0.89% 1.33% 0.83% 0.44%

50% 5.08% 6.60% 6.44% 4.64%

75% 18.77% 19.94% 24.26% 18.79%

90% 42.52% 40.24% 47.73% 39.99%

95% 58.83% 54.99% 61.77% 54.01%

99% 84.33% 81.06% 82.73% 76.82%

Table 9: Selected Classes Of Section H - Patent Sample 
(1926-2019)

Technology CPC Code CPC Description # U.S. Patents

Electronics H01 Basic Electrical Elements 296,166

Electronics H02
Generation; Conversion Or 
Distribution Of Electric Power

53,674

Electronics H03 Basic Electronic Circuitry 79,931

Electronics H04
Electric Communication 
Technique

362,148

Electronics H05
Electric Techniques Not 
Otherwise Provided For

34,549
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ference in cumulative shares of value between these 
various groups of patents.52 

As this table shows, the mean and median difference 
in the cumulative share of value between patents in 
Section H and patents in the various subcategories of 
Section H, across percentiles, is relatively small. For 
example, the median difference, across percentiles, in 
the cumulative share of value for patents in Section H 
compared to patents in the five main classes in Section 
H was between 0.16 and 2.47 percentage points. The 
mean difference was only slightly higher. This provides 
at least some evidence that patent value distributions 
are generally consistent across categories containing 
patents that are in the same broad technology field. It 
also may suggest that the results in Table 8 may not be 
particularly sensitive to the Classes or Subclasses that 

Table 11: Differences In Cumulative Share Of 
Patent Value  - Kogan et al. (2017)

 U.S. Patents With Issue Dates: 1926-2019

Comparison Median Mean Std. Dev.

 H vs. H01 1.16 pp 1.66 pp 1.61 pp

 H vs. H02 0.74 pp 0.95 pp 0.79 pp

 H vs. H03 2.47 pp 2.49 pp 1.88 pp

 H vs. H04 0.85 pp 0.88 pp 0.68 pp

 H vs. H05 0.16 pp 0.33 pp 0.35 pp

 H vs. H01B 4.77 pp 5.18 pp 3.99 pp

 H vs. H01F 1.52 pp 2.06 pp 1.90 pp

 H vs. H01H 2.18 pp 2.42 pp 1.75 pp

 H vs. H01J 0.13 pp 0.60 pp 1.12 pp

 H vs. H01L 1.36 pp 1.82 pp 1.79 pp

 H vs. H01M 1.15 pp 1.11 pp 0.96 pp

 H vs. H01P 2.69 pp 4.34 pp 4.31 pp

 H vs. H01Q 2.00 pp 2.68 pp 2.48 pp

 H vs. H01R 4.54 pp 4.25 pp 2.92 pp

 H vs. H01S 0.26 pp 0.35 pp 0.52 pp

Table 10: Selected Subclasses Of Class H01 - Patent Sample (1926-2019)51

Technology CPC Code CPC Description # U.S. Patents

Electronics H01B Cables; Conductors; Insulators; Selection of Materials For 
Their Conductive, Insulating, Or Dialectric Properties  6,379

Electronics H01F Magnets; Inductances; Transformers; Selection of Materials 
For Their Magnetic Properties 8,430

Electronics H01H Electric Switches; Relays; Selectors; Emergency Protective 
Devices 21,755

Electronics H01J Electric Discharge Tubes Or Discharge Lamps 30,763

Electronics H01L Semiconductor Devices; Electric Solid State Devices Not 
Otherwise Provided For 154,434

Electronics H01M Processes or Means, e.g., Batteries, For The Direct 
Conversion Of Chemical Energy Into Electrical Energy 17,493

Electronics H01P Waveguides; Resonators, Lines Or Other Devices Of the 
Waveguide Type 5,702

Electronics H01Q Antennas, i.e., Radio Aerials 11,505

Electronics H01R
Electrically-Conductive Connections; Structural Associations 
Of A Plurality Of Mutually-Insulated Electrical Connecting 
Elements; Coupling Devices; Current Collectors

21,235

Electronics H01S

Devices Using The Process Of Light Amplification 
By Stimulated Emission Of Radiation To Amplify Or 
Generate Light; Devices Using Stimulated Emission Of 
Electromagnetic Radiation In Wave Ranges Other Than 
Optical

8,202

Note that these Subclasses do not include all of the Subclasses for Class H01. Hence, the sample from these Subclasses 
totals 285,898, less than the sample of 296,166 for Class H01 patents summarized in Table 9.

51. Note that these Subclasses do not include all of the Sub-
classes for Class H01. Hence, the sample from these Subclasses 
totals 285,898, less than the sample of 296,166 for Class H01 
patents summarized in Table 9.

52. Across percentiles, these differences were both positive 
and negative. For our purposes, in order to assess the degree 
of differences across groups, we report the absolute values of 
these differences. 
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are used to define the four main technology categories 
that we analyzed. 

These results suggest that patent value distributions 
related to patents that are part of a broad measure of 
technology may be used to reliably estimate the patent 
value distributions of groups of patents that comprise 
narrower subsets of the broader technology. In other 
words, the distribution of value of electronics patents, 
as an example, may be a reliable indicator of the distri-
bution of value of groups of specific types of electron-
ics patents, such as semiconductor patents. 

We also examined whether there is a significant 
difference between the distribution of patent values 
estimated by Kogan et al. (2017) based on the time 
period of the patents analyzed. Specifically, for each of 
our four main technology categories (pharmaceuticals, 
chemicals, mechanical, and electronics), we analyzed 
the difference in cumulative shares of value between 
patents that had issued between 1926 and 1999 and 
patents that had issued between 2000 and 2019.53 For 
the pharmaceuticals, chemicals, mechanical, and elec-
tronics categories, approximately 56 percent, 27 per-
cent, 37 percent, and 67 percent of the patents were 
issued in the 2000 to 2019 time period. The results of 
this analysis are shown in Table 12.

As Table 12 shows, while there are differences 
in the cumulative share of value based on the time 
period studied, these differences are not dramatic. 

While patent values in the U.S. for these technologies 
may have changed over time, patent value distribu-
tions have been relatively stable. This suggests that 
patent value distributions related to patents issued 
in one time period may be used to reliably estimate 
the patent value distribution of patents issued in an-
other time period.54 In other words, the distribution 
of value of electronics patents issued between 1969 
and 1982, as an example, may be a reliable indicator of 
the distribution of value of electronics patents issued 
in 2010. 

Kogan et al. (2017) note that their patent value es-
timates “seem a bit high” and that one possible expla-
nation for this is that their estimates are based upon 
a sample of patents owned by public firms and that 
public firms may attach a higher value to patents than 
non-public firms.55 We have not seen definitive support, 
however, for the proposition that patents owned by pub-
lic companies are systematically more valuable than pat-
ents not owned by public companies. Moreover, even if 
that were the case, this would introduce selection bias 
into the sample only if the patent value distributions for 
patents owned by public companies are different than 
those not owned by public companies.56 
D. Distributions Based On Patent Citations

Forward patent citations occur when a patent is cit-
ed by subsequently issued patents.57 The number of 
forward patent citations is considered an important 
indicator of scientific and technical significance and, 

Table 12: Differences In Cumulative Share 
Of Patent Value - Kogan et al. (2017) 

U.S. Patents With Issue Dates: 
1926-1999 vs. 2000-2019

Technology Median Mean Std. Dev.

Pharmaceuticals 0.98 pp 1.04 pp 0.78 pp

Chemicals 3.69 pp 3.74 pp 2.56 pp

Mechanical 0.45 pp 0.66 pp 0.74 pp

Electronics 1.67 pp 1.93 pp 1.64 pp

53. The differences in cumulative shares of value for patents 
that had issued in these two different time periods were both 
positive and negative. In Table 12, we report the absolute values 
of these differences. 

54. This can also be seen by comparing the distribution of 
patent values implied by the results from two different stud-
ies—one based on patents from 1870-1872, i.e., Sullivan 
(1994); the other based on patents from 1970, i.e., Schanker-
man and Pakes (1986). To do this, we specified a lognormal dis-
tribution of patent values that fits the reported 95th and 99th 
percentiles of the patent values for both studies reported in 
Table 3 in Sullivan (1994). Using these distributions, we simu-
lated one million observations to obtain simulated values from 
the specified distributions. We then compared the cumulative 
shares of patent values at each percentile in the distribution 
calculated based on these simulated values. We found that the 
cumulative shares from these two studies, which were based on 
patents that issued approximately 100 years apart, show simi-
lar degrees of disproportionality in patent value. The mean and 
median difference in cumulative value shares across all percen-
tiles is 1.4% and 1.0%, respectively. The maximum difference in 
cumulative shares at any percentile is 3.87%. This is despite the 
marked differences in the patent systems and renewal rates for 
the two periods. Sullivan, supra note 4, at 38, 41, 47-48. This 
provides some evidence that, while patent values, themselves, 
may change over time, the distributions of those patent values 
change less over time.   

55. Kogan et al., supra note 42, at 682.
56. Comparing forward citations of patents in the NBER U.S. 

Patent Citation Data File that are owned by public companies 
with those not owned by public companies suggests similar cu-
mulative shares of adjusted forward citations, adjusted for age 
and technology of the patents.    

57. U.S. patents contain references to previously issued pat-
ents under the patent’s “References Cited” section as a way to 
identify the patented inventions that existed in the prior art. 
Peter A. Malaspina, “Patent Citation Analysis and Patent Dam-
ages,” 18 Chi.-Kent J. Intell. Prop. 232, 233-34 (2019).
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according to many researchers, can serve as a valid 
measure of economic value.58 Harhoff et al. (1999) 
identified at least two reasons for this. First, “it is rea-
sonable to suppose that the prior inventions cited in 
new patents tend to be the relatively important precur-
sors that best define the state of the art. The broader 
the shoulders, the more likely they are to be cited.”59 
Second, “because prior inventions set the stage for 
new inventions, citations are used to measure a poten-
tially important economic externality, i.e., the impact 
the knowledge embodied in prior inventions has in 
stimulating new contributions.”60 

Numerous researchers have found that there is a pos-
itive correlation between economic value and the num-
ber of forward citations—more economically valuable 
patents tend to be more heavily cited.61 For example, 
previous research has found correlations between pat-
ent citations and various measures of economic value 
inferred from things such as patent owner surveys, firm 
market value, licensing fees, stock market reactions to 
patent grants, and patent renewal rates.62 According to 
Malaspina (2019), the basic intuition behind this corre-
lation is that “valuable patented technology will encour-
age new yet related innovations, which will increase the 
number of citations back to the prior patented technol-

ogy thereby increasing the citation counts of the pri-
or patented technology.”63 Hall et al. (2005) noted that 
because “[p]atented innovations are for the most part 
the result of costly R&D conducted by profit-seeking 
organizations; if firms invest in further developing an 
innovation disclosed in a previous patent, then the re-
sulting (citing) patents presumably signify that the cited 
innovation is economically valuable.”64 

While there is general consensus that there is a pos-
itive correlation between patent citations and patent 
value, the correlation is not perfect.65 Various studies 
have found that “the value-citation relationship is quite 
noisy.”66 Though some researchers have found the rela-
tionship between patent citations and patent value to 
be linear, others have found it to be more complex and 
non-monotonic.67 Some have suggested that patent ci-
tations are a better proxy for the value of lower val-
ued patents than higher valued patents.68 Others have 
argued that patent citations may be a more meaning-
ful measure of the value of the underlying technology 
than of the quality of patents themselves.69 All of this 
notwithstanding, most agree that there is a positive 
relationship between patent citations and patent value 
and that forward patent citations are a meaningful, al-
beit imperfect, predictor of patent value.

Experts have relied upon, and courts have accept-
ed, the use of forward citation analysis to estimate the 
relative value of patents contained in license and sale 
agreements.70 For example, the Court in Mfg. Res. Int’l, 
Inc. v. Civiq Smartscapes, LLC stated that “[f]orward ci-
tation analysis has an academic pedigree that supports 
it as a reliable methodology” and that “[f]orward cita-

58. Trajtenberg, supra note 2, at 172, 184; Dietmar Harhoff 
et al., “Citation Frequency and the Value of Patented Inven-
tions,” 81 Rev. Econ. & Stat. 511, 511 (1999) [hereinafter Har-
hoff et al., “Citation Frequency”]; Daniele Archibugi & Mario 
Pianta, “Measuring Technological Change Through Patents and 
Innovation Surveys,” 16 Technovation 451, 463 (1996); Har-
hoff et al., “Citations, Family Size, Opposition,” supra note 2, 
at 1359; Silverberg & Verspagen, supra note 2, at 320; David S. 
Abrams et al., “Patent Value and Citations: Creative Destruction 
or Strategic Disruption?,” 19647 Nat’l Bureau Of Econ. Res., 
Working Paper No. 19647 (2013, rev. 2018).

59. Harhoff et al., “Citation Frequency,” supra note 58, at 511.
60. Id. at 511.
61. Adam B. Jaffe & Gaétan de Rassenfosse, “Patent Citation 

Data in Social Science Research: Overview and Best Practices,” 
68 J. Ass’n For Info. Sci. & Tech. 1360, 1364-1365 (2017); Har-
hoff et al., “Citation Frequency,” supra note 58, at 511-513; 
Barney, supra note 2, at 333-334; Petra Moser et al., “Patent 
Citations—An Analysis of Quality Differences and Citing Prac-
tices in Hybrid Corn,” 64 Mgmt. Sci. 1926, 1927, 1931, 1936 
(2018); Hall et al., “Market Value and Patent Citations,” supra 
note 2, at 19; Kogan et al., supra note 42, at 665, 667, 706; 
Harhoff et al., “Citations, Family Size, Opposition,” supra note 
2, at 1343; Malaspina, supra note 57, at 234, 248. Some, how-
ever, have suggested that the relationship between citations 
and value is non-monotonic and, instead, forms an inverted-U, 
with fewer citations at the high end of value than in the middle. 
Abrams et al., supra note 58, at 2-5.

62. See, e.g., Silverberg & Verspagen, supra note 2, at 320-
321; Moser et al., supra note 61, at 1926; Hall et al., “Market 
Value and Patent Citations,” supra note 2, at 33; Leonid Kogan 
et al., supra note 61, at 666-667. 

63. Malaspina, supra note 51, at 234.
64. Hall et al., “Market Value and Patent Citations,” supra 

note 2, at 19.
65. Harhoff et al., “Citation Frequency,” supra note 58, at 

512-13.
66. Id. at 515; James Bessen, “The Value of U.S. Patents by 

Owner and Patent Characteristics,” 37 RES. POL’Y 932, 932-33, 
941 (2008); Jaffe & de Rassenfosse, supra note 61, at 1365.

67. Abrams et al., supra note 58, at 5.
68. Id. at 34.
69. Bessen, supra note 66, at 941, 944.
70. See, e.g., Mfg. Res. Int’l, Inc. v. Civiq Smartscapes, LLC, 

2019 U.S. Dist. Lexis 149994, at *4-5 (D. Del. 2019); Comcast 
Cable Commc’ns, LLC v. Sprint Commc’ns Co., LP, 262 F. Supp. 
3d 118, 146-147 (E.D. Pa. 2017); Comcast Cable Commc’ns, 
LLC v. Sprint Commc’ns Co., LP, 218 F. Supp. 3d 375, 382-384 
(E.D. Pa. 2016); Better Mouse Co. v. SteelSeries ApS, 2016 U.S. 
Dist. Lexis 16611, at *6-9 (E.D. Tex. 2016); Intel Corp. v. Fu-
ture Link Sys., LLC, 2017 U.S. Dist. Lexis 91699, at *9-16 (D. 
Del. 2017); Evolved Wireless, LLC v. Apple Inc., 2019 U.S. Dist. 
Lexis 40169, at *12 n.5-16 n.7 (D. Del. 2019); PersonalWeb 
Techs. LLC v. IBM, 2017 U.S. Dist. Lexis 116422, at *7-8 (N.D. 
Cal. 2017). 
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tion analysis can be a reliable method to decide the 
relative value of patents and to assist in determining 
a reasonable royalty.”71 In Comcast Cable Commc’ns, 
LLC v. Sprint Commc’ns Co., the Court ruled that “for-
ward citation analysis is reliable” for corroboration of 
a damages opinion.72 In Evolved Wireless, LLC v. Apple 
Inc., the Court found that the “citation analysis meth-
od has generally been regarded as reliable” for esti-
mating the value of patents.73 In cases where courts 
have found forward citation to be unreliable, it was 
not because of the methodology, per se, but because 
the application of the methodology did not account for 
the facts of the case.74 

Because patent citations provide some measure of 
patent value, we examined the distribution of forward 
citations for patents in the same technology classifica-
tions in Schankerman (1998): pharmaceuticals, chem-
icals, mechanical, and electronics. As with our analysis 
of Kogan et al. (2017), for the pharmaceutical sector, 
we analyzed citations of all patents in Subclass A61K of 
Class A61 of Section A of the CPC; for the chemicals 
sector, we analyzed citations of all patents in Section 
C of the CPC; for the mechanical sector, we analyzed 
citations of all patents in Section F of the CPC; and for 
the electronics sector, we analyzed citations of all pat-
ents in Section H of the CPC. In total, we analyzed ci-
tations for 39,839 patents, 383,046 patents, 247,497 
patents, and 507,767 patents in CPC codes A61K, C, 
F, and H, respectively.

In order to estimate the forward citation distribu-
tions for these groups of patents, we obtained pat-
ent citation counts from the NBER U.S. Patent Cita-
tions Data File.75 These data contain information on 
3,210,361 utility patents granted by the USPTO from 
1976 to 2006.76 Among other things, for each patent, 
the NBER U.S. Patent Citations Data File provides in-
formation on the patent number, the grant date, and 
the number of U.S. citations. We mapped these data 
to the patents in each of our four CPC technology 

classifications by merging the data with information 
from the USPTO regarding the primary CPC code as-
signed to each patent.

To calculate the number of forward citations for 
each patent in each of the four different groups of 
patents described above, we adjusted the number of 
citations for both the age and technology of the pat-
ent.77 Controlling for age and technology when ana-
lyzing patent citations is well-documented in both the 
academic literature and patent litigation.78 A patent’s 
age may bias its forward citation count because, as the 
time since the patent issued increases, there are more 
opportunities for the patent to accumulate forward ci-
tations from subsequently issuing patents. Similarly, a 
patent’s field of technology may affect its forward cita-
tion frequency because patents from different fields of 
technology may accumulate citations at fundamentally 
different rates.79 

We adjusted the number of citations for age and 
technology by dividing the number of raw citations for 
each patent by the median number of citations of pat-
ents in the same IPC code granted within six months 
before or after the grant date of each patent.80 This 
is similar to the “fixed-effects” approach suggested by 
Hall et al. (2001).81 As Hall et al. (2001) note, this ap-

71. Mfg. Res., 2019 U.S. Dist. Lexis 149994, at *5-7.
72. Comcast, 262 F. Supp. 3d at 147.
73. Evolved Wireless, 2019 U.S. Dist. Lexis 40169, at *13-

16 n.7.
74. See, e.g., Mfg. Res. Int’l, 2019 U.S. Dist. Lexis 149994, at 

*5-7; Comcast, 218 F. Supp. 3d at 384; Finjan, Inc. v. Blue Coat 
Sys., 2015 U.S. Dist. Lexis 91528, at *24-25 (N.D. Cal. 2015); 
Intel, 2017 U.S. Dist. Lexis 91699, at *15-16.

75. The National Bureau of Economic Research, “The NBER 
U.S. Patent Citations Data File: Lessons, Insights, and Method-
ological Tools,” https://data.nber.org/patents/ (last visited July 8, 
2020).

76. The National Bureau of Economic Research, “Patent Data 
Project,” https://sites.google.com/site/patentdataproject/Home/
downloads (last visited July 8, 2020). 

77. We performed a similar analysis of forward citations of 
patents that issued from 1975-1999 that are contained in the 
NBER Patent Citation Data File. This analysis controlled for the 
age and technology of the patent as well as self-citations. Self-
citations were controlled for using the method described in Hall 
et al. (2001). Bronwyn H. Hall et al., “The NBER Patent Cita-
tions Data File: Lessons, Insights and Methodological Tools,” 
Nat’l Bureau Of Econ. Res., Working Paper No. 8498, 19-21 
(2001) [hereinafter Hall et al., “NBER Patent Citations”]. This 
analysis found that the cumulative share of adjusted citations 
did not change significantly when we also controlled for self-
citations. Across percentiles, the mean and median difference 
(in absolute value) in the cumulative shares of adjusted citations 
when we controlled for self-citations compared to when we did 
not control for self-citations was less than one percentage point 
for patents in Subclass A61K, Section F, and Section H, and less 
than 1.25 percentage points for patents in Section C. This sug-
gests that adjusting for self-citations in the larger sample of data 
is unlikely to materially change the distributions.

78. See, e.g., Malaspina, supra note 57, at 244; Hall et al., 
“NBER Patent Citations,” supra note 77, at 28-30; Comcast, 218 
F. Supp. 3d at 382-383; Better Mouse, 2016 U.S. Dist. Lexis 
16611, at *8-9; Intel, 2017 U.S. Dist. Lexis 91699, at *9-10. 

79. See, e.g., Malaspina, supra note 57, at 244.
80. We exclude patents whose age and technology compari-

son group has zero median citations. All of the excluded patents 
were granted in the last three years of the sample, with about 
half of them being granted in the final year (2006). We also 
exclude patents granted in the first six months and the last six 
months of our sample.

81. Hall et al., “NBER Patent Citations,” supra note 77, at 
28-30.
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proach treats a patent that received 
11 citations and belongs to a group 
in which the average patent re-
ceived 10 citations as equivalent to 
a patent that received 22 citations, 
but happens to belong to a group in 
which the average was 20. Similar-
ly, such a patent would be regarded 
as inferior to a patent receiving just 
three citations but for which the 
group average was only one. One 
advantage of this approach is that it 
does not require one to make any 
assumptions about the underlying 
processes that may be driving differ-
ences in citation intensities across 
groups.82 

Using this methodology, we cal-
culated the number of adjusted forward citations for 
each patent in the four technology categories. Table 
13 shows the cumulative share of adjusted citations 
for patents in each category at different percentiles in 
the distribution. 

As this table shows the bottom 50 percent of phar-
maceutical, chemicals, mechanical, and electronics 
patents comprise 11.52 percent, 11.92 percent, 18.71 
percent, and 14.22 percent of the adjusted citations 
of patents in these technology categories, respective-
ly. The top 10 percent of patents account for 44.96 
percent, 45.39 percent, 35.49 percent, and 41.58 per-
cent of the adjusted citations of pharmaceutical, chem-
icals, mechanical, and electronics patents, respectively. 
These data show that the distributions of adjusted cita-
tions for patents in these technology classes exhibited 
significant skew—though much less than distributions 
based on patent renewals, surveys, royalties, and stock 
price movements. 
E. Summary

Table 14, on pages 254 and 255 summarizes some of 
the key findings from each of the studies discussed above. 

Several observations about these studies can be 
made. First, though the data and methodology used 
in these studies are different, their results generally 
corroborate the conclusion that patent values are high-
ly skewed, with most of the value concentrated in a 
relatively small number of patents at the right tail of 
the distribution. This is evident from each study, re-
gardless of its time period, geography, methodology, or 
technology of the patents examined. 

Second, the degree of disproportionality of patent 

values indicated by these studies is different, depend-
ing upon the methodology used. This is evident from 
Figures 1-4, see pages 256 and 257, which compare 
the cumulative value shares based upon adjusted cita-
tions, stock price movements (i.e., Kogan et al. (2017)), 
and patent renewals (i.e., Schankerman (1998)). As 
these figures show, the differences in cumulative val-
ue shares are greater for some technologies more than 
others and for some methodologies more than others. 

These differences do not necessarily mean that the 
individual patent value distributions from the various 
studies are invalid or that there is a problem with the 
underlying valuation methodologies. Rather, these dif-
ferences more likely reflect the fact that each method-
ology is measuring different things or looking at value 
in different ways. For example:
• Forward citations measure the technical or scientific 

value of patents. Though there is a correlation be-
tween the technical/scientific value of patents and 
the economic value of patents, this correlation is 
imperfect and noisy.

• Stock price movements measure the expected value 
of the patents (i.e., the present discounted value of 
expected profits) at the time the patents issued. To 
the extent there is uncertainty about the value of the 
patents at the time of issuance, this expected value 
may differ from the actual value received over the life 
of the patents.83 

• Patent renewal fees provide relevant information 
about the minimum value of patents, when patents 
are renewed, and about the maximum value of pat-

Table 13: Cumulative Share Of Patent Value - 
Adjusted Forward Citations 

U.S. Patents With Issue Dates: 1976-2006

Percentile Pharmaceuticals Chemicals Mechanical Electronics

1% 0.00% 0.00% 0.00% 0.00%

5% 0.00% 0.00% 0.00% 0.00%

10% 0.00% 0.00% 0.00% 0.00%

25% 1.31% 0.97% 5.23% 2.07%

50% 11.52% 11.92% 18.71% 14.22%

75% 29.83% 29.91% 44.63% 33.03%

90% 55.04% 54.61% 64.51% 58.42%

95% 70.52% 68.49% 77.11% 72.58%

99% 89.56% 87.79% 92.23% 89.85%

82. Id. at 28-30. One disadvantage of this approach is that, 
because no structure is assumed, “it does not distinguish be-
tween differences that are ‘real’ and those that are likely to be 
artifactual.”

83. Even if the expected value at the time of issuance is dif-
ferent than actual value, the patent value distributions based on 
expected value and actual value may still be similar, assuming 
no systematic bias across patents in the information known at 
the time of issuance. 
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Table 14: Summary Of Key Findings From Patent Value Distribution Research 

Study Time Period Country Results

Pakes
(1986) 

France:
1951-1979

UK: 
1950-1974

Germany:         
1952-1972

France
U.K.
Germany

All Industries

  France Germany

    Bottom 50%   Bottom 50%

       1.83%      7.34%

    Top 10%   Top 10%

       68.74%      47.33%

  U.K.

    Bottom 50%

       3.25%

    Top 10%

       55.74%

Schankerman 
(1998)

1969-1982 France

Pharmaceuticals Mechanical

  Bottom 50%   Bottom 50%

     7.86%      2.39% 

  Top 10%   Top 10%

     55.33%      75.77% 

Chemicals Electronics

  Bottom 50%   Bottom 50%

     6.06%      0.88% - 1.67%

  Top 10%   Top 10%

     60.62      80.16% - 86.28%

Barney
(2002) 

1986 U.S.

All Industries

Bottom 50%

     6.7%

  Top 10%

     70.1%

Deng
(2011)

1980-1985

Austria
Belgium
Switzerland
Germany
France
U.K.
Italy
Luxembourg
Netherlands
Sweden

Pharmaceuticals Electronics

  Bottom 50%   Bottom 50%

     Initial Returns      Initial Returns

        0.48% - 0.82%         0.94% - 1.05% 

     Total Value      Total Value

        0.87%         0.88%

  Top 10%   Top 10%

     Initial Returns      Initial Returns

        86.48% - 91.84%         84.69% - 86.13%

     Total Value      Total Value

        85.14%         85.83%
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ents, when patents are not renewed. The minimum 
and maximum values of patents may not always 
closely approximate the actual value of the patents 
in every circumstance. 

• The survey conducted by Scherer and Harhoff (2000) 
measures the respondents’ belief about the smallest 
amount that they would have been willing to sell each 
patent for, had they possessed full knowledge of the 
profit potential of the patent. Respondents’ belief about 
the profit potential of the patents may not be perfectly 
correlated with the actual profits received from these 
patents.

•  Licensing royalties studied by Scherer and Harhoff  
 (2000) reflect the value received by the patent own- 
 ers from licensing over a four-year period. This value  
 may be different from the value over the life of the 

patents. How different they are depends upon the age of 
the patents during the four-year licensing window that 
was studied. 

Each of these value measures is valid and reliable for 
the information they convey. Because the value distri-
butions from these different methodologies are meas-
uring different things, a comparison of the distribu-
tions may not be particularly probative. Each measure 
provides relevant, albeit different, information about 
the range of values that may be associated with the 
patents. Each should be considered and given their 
appropriate weight. How relevant a particular meas-
ure is for a given case may be different depending 
upon the facts and circumstances of the case, includ-
ing the nature of the patent portfolio being examined, 
what other information is known about the patents in 

Table 14: Summary Of Key Findings From Patent Value Distribution Research

Study Time Period Country Results

Scherer and Harhoff 
(2000) 

Survey: 
1977

Royalties: 
 Harvard
 1977-1995 
 Six Universities
 1991-1995

U.S.
Germany
Harvard
Six Universities

All Industries

U.S. Harvard

    Top 10%   Top 10%

       81% - 85%      84%

  Germany Six Universities

    Top 10%   Top 10%

       84%      91.5% - 93%

Kogan et al. 
(2017)

1926-2019 U.S.

Pharmaceuticals Mechanical

  Bottom 50%   Bottom 50%

     5.08%      6.44% 

  Top 10%   Top 10%

     57.48%      52.27% 

Chemicals Electronics

  Bottom 50%   Bottom 50%

     6.60%      4.64%

  Top 10%   Top 10%

     59.76%      60.01%

Adjusted 
Forward 
Citations

1976-2006 U.S.

Pharmaceuticals Mechanical

  Bottom 50%   Bottom 50%

     11.52%      18.71% 

  Top 10%   Top 10%

     44.96%      35.49% 

Chemicals Electronics

  Bottom 50%   Bottom 50%

     11.92%      14.22%

  Top 10%   Top 10%

     45.39%      41.58%
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the portfolio, and how the patent value distributions 
will be used. 

Comparing the patent value distributions for a given 
methodology suggests some similarity in distributions 
across studies, at least for certain technology catego-
ries. For example, the degree of disproportionality in 

patent values for patents in the electronics field re-
ported by Schankerman (1998) is consistent with the 
disproportionality found in Deng (2011) for other time 
periods, for the same country.84 For example, Figure 5 
on page 258 shows a comparison of the share of patent 
value that comes from the bottom 50 percent  and the 
top 10 percent of French patents at two different time 
periods—Schankerman (1998): 1969–1982 and Deng 
(2011): 1980–1985.85 As this figure shows, the shares 
of value for these French electronics patents are very 
similar in these two different time periods. 

The degree of disproportionality of French patent 

Figure 1: Cumulative Value Shares - Pharmaceuticals
Adjusted Citations vs. Kogan et al. (2017) vs. Schankerman (1998)
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Figure 2: Cumulative Value Shares - Chemicals
Adjusted Citations vs. Kogan et al. (2017) vs. Schankerman (1998)
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84. The degree of disproportionality in patent values reported 
by some of the patent renewal studies cannot be directly com-
pared because some only reported patent value distributions for 
the entire country and not for specific industries, while others 
only reported distributions for specific industries and not for 
the entire country.



December 2020 257

Apportioning Value

values reported by Schankerman (1998) and Deng 
(2011) is similar to the disproportionality found by 
Deng (2011) for electronics patents from other coun-
tries. For example, Figure 6 on page 258, shows a 
comparison of the shares of patent value that come 
from the bottom 50 percent and the top 10 percent 
of electronics patents in the 10 different EPO-mem-
ber countries.86 As this figure shows, the shares of 
value for these electronics patents are very similar 
across countries.

While the degree of disproportionality in patent 

Figure 3: Cumulative Value Shares - Mechanical
Adjusted Citations vs. Kogan et al. (2017) vs. Schankerman (1998)
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Figure 4: Cumulative Value Shares - Electronics
Adjusted Citations vs. Kogan et al. (2017) vs. Schankerman (1998)
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85. The estimates for 1969-1982 are those reported by 
Schankerman (1998). They reflect the average of the shares 
of total value calculated for the Electronics technology group 
(all electronics patents) and the Electronics technology group 
(all electronics patents except patents with Japanese owner-
ship). The estimates for 1980-1985 are those reported by Deng 
(2011) for the shares of initial returns for electronics patents in 
France. Though Schankerman (1998) reported shares of total 
value, rather than initial returns, like Deng (2011), there is evi-
dence that the shares of total value and initial returns are com-
parable. This can be seen by comparing the distributions of total 
value and the distributions of initial returns reported by Deng 
(2011) for the same kind of patents. For example, Deng (2011) 
reported that the bottom 50% of electronics patents account for 
0.94 - 1.05% of initial returns and 0.88% of total value. He simi-
larly reported that the top 10% of electronics patents comprise 
84.69% - 86.13% of initial returns and 85.83% of total value.

86. These estimates are those reported by Deng (2011). They 
reflect the shares of initial returns.
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values for patents in the electronics field reported by 
Schankerman (1998) is consistent with the dispropor-
tionality found for electronics patents in other time pe-
riods and other countries, as reported by Deng (2011), 
the degree of similarity for other technology fields is 
less clear. For example, the shares of value reported 
by Schankerman (1998) and Deng (2011) for French 
pharmaceutical patents in 1969-1982 vs. 1980-1985 
are less similar, though both distributions still reflect 
a high degree of skew.87 There is, however, some evi-

dence that the degree of disproportionality in patent 
values in the pharmaceutical field is similar across 
countries.88 There is no basis to compare the shares of 
value reported by Schankerman (1998) for the chemi-
cals and mechanical fields, as no other study separately 
examined patents in these technology fields. 

The results from these studies also suggest that pat-
ent value distributions related to patents that are part 
of a broad measure of technology may not be materi-
ally different from distributions related to groups of 
patents that comprise narrower subsets of the broader 

Figure 5: Share Of Value: French Electronics Patents
Schankerman (1998): 1969-1982 vs Deng (2011): 1980-1985
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Figure 6: Share Of Value: Electronics Patents EPO-Member Countries
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87. The share of value reported by Schankerman (1998) for 
the bottom 50% and top 10% of French pharmaceutical patents 
was 7.86% and 55.33%, respectively, compared to 0.82% and 
86.48%, as reported by Deng (2011) for initial returns for phar-
maceutical patents in France.   

88. The share of initial returns reported by Deng (2011) for 
the bottom 50% of pharmaceutical patents in the 10 EPO-mem-
ber countries was 0.48% to 0.82%; the share for the top 10% of 
pharmaceutical patents in the 10 EPO-member countries was 
86.48% to 91.84%.  
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technology. These studies also suggest that, for a given 
technology, patent value distributions have been rela-
tively stable over time and may not be materially dif-
ferent across countries. All of this suggests that the re-
sults discussed above may be generalizable to a greater 
set of facts and circumstances than those fitting the 
data used in the individual studies. 
III. Use of Patent Value Distributions in 
Patent Litigation

In certain circumstances, information from patent 
value distributions may be useful in patent litigation 
cases to apportion patent values from license or sale 
agreements which contain the patent-in-suit, or a tech-
nically comparable patent, and other patents.89 These 
distributions may play a role in the apportionment anal-
ysis required by courts, which requires that reasonable 
royalty damages be based only on the incremental val-
ue of the patented invention and not on other contri-
butions.90 This is relevant when analyzing license or 
sale agreements because the agreement upon which 
the reasonable royalty is based may convey rights to 
more than just the patent-in-suit or the technically 
comparable patent. In these situations, the royalty or 

price in these agreements must be apportioned to re-
flect the portion attributable to the patent at issue.91 

Toward this end, the results from patent value distri-
butions may be useful for this type of apportionment 
exercise.92 As a starting point, use of these distribu-
tions requires information about where the patent at 
issue ranks in comparison with other patents in the 
portfolio. In some cases, this information may be ob-
tained from the technical expert (i.e., the technical 
expert may opine that the patent at issue is in the top 
10 percent of the patents in the agreement).93 In oth-
er cases, this information may be obtained from oth-
er analyses, such as forward citation analysis, which 
ranks patents in the agreement based on citations. In 
certain situations, experts may simply offer a counter-
factual assumption about where the patent ranks (i.e., 
defendant’s expert may “conservatively” assume the 
patent is in the top 10 percent of patents despite evi-
dence that it is a lower-valued patent). 

Information about a patent’s ranking among other 
patents in the agreement may be combined with results 
from patent value distributions to apportion the royalty 
or price paid in the agreements.94 For example, if there 
was evidence that a patent was in the top 10 percent of 
patents in a portfolio in a license or sale agreement, one 
could rely upon the cumulative value shares discussed 
above to determine how much of the royalty or price 
paid in the agreement is attributable to the top 10 per-
cent of patents. By way of illustration, if a portfolio of 
patents in the agreement were electronics patents, the 
results from Schankerman (1998), Deng (2011), and 
Kogan et al. (2017) would suggest that the top 10 per-
cent of patents in the portfolio would account for be-
tween 60.02 percent and 86.28 percent of the royalty 
or price specified in the agreement. 

Because the patent of interest is often not the only 
patent in the top 10 percent of patents, the expert 
must further apportion the royalty or price to account 

89. The results from patent value distributions—Schanker-
man (1998) in particular—have been used by damages experts 
in a number of patent cases as part of the apportionment analy-
sis required by Courts. See, e.g., Answering Br. in Resp. to Def.’s 
Combined Mot. for Summ. J. and to Excl. Expert Test. at 47-50, 
Välinge Innovation AB v. Halstead New England Corp. and Home 
Depot U.S.A., Inc., No. 1:16-CV-01082 ECF No. 326 (D. Del. 
Jan. 31, 2019); Notice of Mot. and Mot. to Excl. Test. of HTC’s 
Damages Expert, at Ex. A, at 67-68, In re Koninklijke Philips 
Patent Litig., No. 4:18-CV-01885, ECF No. 731 (N.D. Cal. Aug. 
29, 2019). This use has been allowed by several Courts. See, 
e.g., “In re Innovatio IP Ventures, LLC,” 2013 U.S. Dist. Lexis 
144061, at *180-181 (N.D. Ill. 2013) (applying Schankerman 
(1998) to value 802.11 standard-essential U.S. patents); Odys-
sey Wireless, Inc. v. Apple Inc., 2016 U.S. Dist. Lexis 187982, 
at *32-33 (S.D. Cal. 2016) (refusing to strike expert’s analysis 
applying Schankerman (1998) to value LTE Standard patents 
and holding that reliance on Schankerman (1998) was “not 
an arbitrary, general rule of thumb like the 25 percent rule or 
the Nash Bargaining Solution”); LG Display Co. v. AU Optron-
ics Corp., 2010 U.S. Dist. Lexis 68771, at*, 472-474 (D. Del. 
2010) (holding that expert’s reliance on Schankerman (1998) to 
“count, rank, and divide” in determining value attributable to 
asserted patents related to liquid crystal displays based on the 
assumption that the asserted patents were in the top 5% of AU’s 
portfolio was “credible and consistent with Federal Circuit case 
law and the Georgia-Pacific factors.”).

90. Finjan, Inc. v. Blue Coat Sys., 879 F.3d 1299, 1311 (Fed. 
Cir. 2018); Power Integrations, Inc. v. Fairchild Semiconductor 
Int’l, Inc., 904 F.3d 965, 977 (Fed. Cir. 2018); Ericsson, Inc. v. 
D-Link Sys., 773 F.3d 1201, 1226 (Fed. Cir. 2014). 

91. See, e.g., Ericsson, 773 F.3d at 1228 (“[License-based] 
evidence is relevant and reliable, however, where the damages 
testimony regarding those licenses takes into account the very 
types of apportionment principles contemplated in Garretson. 
In short, where expert testimony explains to the jury the need 
to discount reliance on a given license to account only for the 
value attributed to the licensed technology, as it did here …”).

92. See, e.g., Answering Br. in Resp. to Def.’s Combined Mot. 
for Summ. J. and to Excl. Expert Test. at 47-50, Välinge Innova-
tion, No. 1:16-CV-01082 ECF No. 326; Notice of Mot. and Mot. 
to Excl. Test. of HTC’s Damages Expert, at Ex. A, at 67-68, “In 
re Koninklijke Philips,” No. 4:18-CV-01885, ECF No. 731.

93. See, e.g., Answering Br. in Resp. to Def.’s Combined Mot. 
for Summ. J. and to Excl. Expert Test. at 47-50, “Välinge Innova-
tion,” No. 1:16-CV-01082 ECF No. 326.

94. See, e.g., id. at 47-50. While this apportionment of the 
royalty or price paid in the agreement may be an important 
part of the reasonable royalty determination, in most cases, it 
does not represent the totality of the reasonable royalty analy-
sis. Consideration of other factors, such as those enumerated 
in Georgia-Pacific Corp. v. United States Plywood Corp., 318 F. 
Supp. 1116, 1120-21 (S.D.N.Y. 1970), modified and aff ’d, 446 
F.2d 295 (2d Cir. 1971), may warrant an adjustment of the roy-
alty that results from the apportionment of the patent portfolio 
license or sale agreement. 
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for these other patents. For example, if the agreement 
contained 100 patents, only one of which was the pat-
ent at issue, the top 10 percent of patents would in-
clude 10 patents. This further apportionment can be 
accomplished in a number of ways, such as reliance 
upon the opinion of a technical expert or a forward-ci-
tation analysis of the patents in the top 10 percent of 
the portfolio. Sometimes, experts may simply make an 
assumption about the relative value of the patents in 
the top 10 percent, such as that all patents in the top 
10 percent of patents have equal value.95 Other times, 
when the testimony is on behalf of the defendant, ex-
perts may “conservatively” assume that all of the value 
apportioned to the top 10 percent of patents comes 
from the patent at issue. 

In another variant of this methodology, experts may 
use the results from forward citation analysis along 
with patent value distributions from patent renewals 
or stock price movements to apportion the royalty or 
price paid in license and sale agreements. For exam-
ple, in one method discussed by Malaspina (2019),96 
forward citation analysis is used to determine where 
the patent at issue and other patents in the portfolio 
rank among patents in the same or a similar field (e.g., 
in which percentile each of the patents falls among 
all electronics patents). Experts then match the per-
centile rankings for each patent in the portfolio from 
the forward citation analysis, with the patent values 
from Schankerman (1998), Deng (2011), or Kogan 
et al. (2017) that correspond to the same percentile 
rankings in their analysis. The patent values assigned 
to each of the patents in the portfolio are then used 
to obtain relative valuations for each of the patents in 
the portfolio.97 

Patent value distributions based on forward citation 
analysis also may be used to apportion patent values 
from license and sale agreements by themselves, with-
out combining them with distributions based on some 
other method, as Malaspina (2019) suggests. As noted 
above, experts have sought to apportion the royalty or 
price paid in license or sale agreements by using only 
the distribution of forward citations of patents that 

are in the agreement under consideration. Under this 
method, the expert uses the forward citation distri-
bution to determine the relative value of the patent-
in-suit, or technically comparable patent, compared to 
all other patents in the agreement. For example, if the 
patent-in-suit represented 10 percent of all forward ci-
tations associated with the patents in the agreement, 
the expert would apportion 10 percent of the royalty 
or price to the patent-in-suit. 

In addition to using patent value distributions to ap-
portion the royalty or price paid in license and sale 
agreements, these patent value distributions may also 
be used to determine the portion of a product’s profits 
that may be attributable to a patent or set of patents.98 

For example, in one case, under the assumption that 
the patents of interest were in the top 10 percent of 
all 802.11 standard-essential patents, an expert multi-
plied the profit margin on a Wi-Fi chip by 84 percent, 
which is the cumulative share of value attributable to 
the top 10 percent of electronics patents from Schan-
kerman (1998).99 To determine how much of the value 
attributable to the top 10 percent of patents was from 
the patents at issue, the expert multiplied that value 
by the proportion of the top 10 percent of patents ac-
counted for by the patents at issue (implicitly assum-
ing that all patents in the top 10 percent were equally 
valuable).100 
IV. Conclusions and Observations

In patent infringement cases, there is often a need 
to rely upon patent license agreements and patent sale 
agreements to determine the royalty that the alleged 
infringer should pay for using the patent-in-suit. Prob-
lems arise, however, when the payment in the license 
or sale agreement reflects compensation for more than 
the patent-in-suit, or another patent that is technically 
comparable to the patent-in-suit. In these cases, in or-

95. See, e.g., “In re Innovatio IP Ventures,” 2013 U.S. Dist. 
Lexis 144061, at *180-181. The judge in this case, after relying 
upon Schankerman (1998) to apportion down to the top 10% of 
802.11 standards-essential patents, made such an assumption 
when determining how much of the value from the top 10% 
of 802.11 standards-essential patents came from the patents-
in-suit. 

96. Malaspina, supra note 57, at 246.
97. The “absolute” values assigned to each patent in the 

portfolio based on the results from Schankerman (1998), Deng 
(2011), or Kogan et al. (2017) are not relevant. Only the relative 
valuations of these patents are used to apportion the royalty or 
price paid in the agreement. 

98. See, e.g., “In re Innovatio IP Ventures,” 2013 U.S. Dist. 
Lexis 144061, at *180-181; Odyssey Wireless, 2016 U.S. Dist. 
Lexis 187982, at *32-33; Intel, 2017 U.S. Dist. LEXIS 91699, 
at *10-11.

99. “In re Innovatio IP Ventures,” 2013 U.S. Dist. LEXIS 
144061, at *180-181. While the range for the cumulative share 
of value for the top 10% of patents suggested by Schanker-
man (1998) is 80.16% to 86.28%, based upon the Electronics 
technology group (all electronics patents) and the Electronics 
technology group (all electronics patents except patents with 
Japanese ownership), as shown in Table 2, the share frequently 
reported by experts in patent cases is 84%. See, e.g., “In re Inno-
vatio IP Ventures,” 2013 U.S. Dist. Lexis 144061, at *180-181; 
Odyssey Wireless, 2016 U.S. Dist. Lexis 187982, at *34-36. As 
noted above, the exact cumulative share for a given percentile 
can differ based upon the methodology used to calculate it.

100. “In re Innovatio IP Ventures,” 2013 U.S. Dist. Lexis 
144061, at *180-181. The Court, in its Memorandum Opinion, 
Findings, Conclusions, and Order, utilized a similar methodol-
ogy. Id. at *182-183.
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der for the license or sale agreement to provide proba-
tive evidence regarding the value of just the patent-in-
suit or technically comparable patent, it is necessary to 
apportion the royalty or price to account for the other 
patents in the portfolio. 

In most cases, because of research showing that pat-
ents in a portfolio are unlikely to have equal value, this 
apportionment is rarely achieved by merely dividing 
the royalty or price by the number of patents in the 
portfolio. Another method that may be used, which 
takes into account the well-known disproportionality 
of patent values, involves the use of information from 
patent value distributions. Experts may use the value 
distributions derived from one or more different meth-
ods to estimate the distribution of values of patents 
contained in license or sale agreements, which could 
then be used to determine the proportion of the to-
tal royalty or price paid in the agreements that may 
be potentially attributable to the patent-in-suit or the 
technically comparable patent. 

In this paper, we have summarized the patent value 

distributions from studies that used different meth-
odologies and different data. These studies suggest 
that patent value distributions related to patents that 
are part of a broad measure of technology may not 
be materially different from distributions related to 
groups of patents that comprise narrower subsets of 
the broader technology. These studies also suggest 
that, for a given technology, patent value distribu-
tions have been relatively stable over time and may 
not be materially different across countries. This sug-
gests that the results discussed above may be gener-
alizable to a greater set of facts and circumstances 
than those fitting the data used in the individual stud-
ies. How much weight to give any given patent value 
distribution depends, however, upon the evidence in 
the case, including the nature of the patent portfolio 
being examined, what other information is known 
about the patents in the portfolio, and how the pat-
ent value distributions will be used. ■
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