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Abstract

This paper seeks to complement Pithelky’s (1999) survey on patent vauation methods.
Focusing on two criteria that determine the suitability of a patent vauation method, this article
takes up the issue of vauing patents — and patent portfolios in particular — where Pitheky
(1999) left off. This paper first degpens the discussion about the prediction vaidity d cash
flows and their volatility in existing rea option approaches (criterion 1). Secondly, it adds further
agpects to the discussion of valuation methods from a strategic management perspective, namely
information availability and evaduation cods (criteria 2 and 3). Identifying caveets to existing
practice as to the satisfaction of dl criteriathe paper then reassumes the theoretical discussion of
how to assess a patent’s vaue from the scratch. In a next step it proposes dternative
consderations for patent valuations. In particular, the article éaborates on the state of the art of
vauing paent portfolios with publicly available indicators from the patent sysem. The paper
concludes with a criticd andyss of this dternative valuation gpproach and briefly discusses
future challenges in the evduation of 1P.

1 This paper is complementary to Pithhelky’s (1999) article entitled “The Vauation of Patents: A Review of
Patent Valuation Methods with consideration of Option Based Methods and the Potential for Future
Research”. An understanding of patents and real options as described by Pithelky (1999) is expected. The
author thanks his academic colleagues Loachim Henkel (MIT and Munich University) and Raffaele Oriani
(Universita’ di Bologna) for valuable comments and suggestions. The responsibilities for all remaining
errors, however, lie with the author.
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1. I ntroduction

Patent laws (or their legd predecessors) have been in existence for a long time.
Introduced in France in 1790 and in the USin 1791, the German patent law (originaly passed in
1877) even bedongs to the younger patent jurisdictions? Thus, one should think that patent
vauations should be standard issues for practitioners in the fiedld and should offer no further
guestions to academics. As a matter of fact, thisis not the case.

It is true that patent vauation issues are as old as the existence of patents themselves.

One of the oldest evaluation purposes is that of damage award assessments in trids. Since the
garting-point for evaluations of thistypeisalegd one, most of the corresponding literature in this
fidd stlems from lawyers:® Since the 1960s patents have aso attracted the interest of theoretical®
and empirica economists’. Accounting scholars write on to the vauation of intangible assats’,
and most recently patents have also gotten increasing attention by management scholars.” As
Retzig (2002) shows, however, the different disciplines have subgantidly different
understandings of what the value of a patent is and how it can be assessed.? Thisfinding very
much corresponds to the understanding of Pithelky (1999, page 3):

The first questions to be asked of any valuation are: who is doing the

valuation?, for whom? and for what purpose?

This particular paper takes a drategic management perspective. l.e, vauaion
congderations in this pgper are not bound by any formad lega condraints as eventualy imposed
upon by patent laws or accounting standards. Instead, this paper will regard a patent as an asset
for a corporation whose vaue is determined by the vaue of its underlying technology, its
technica, legd, and market uncertainty, and the competition scenario as perceived from the
perspective of the patent holder. In that sense, this paper largdy shares the point of view that
from a corporate perspective patents are best viewed and valued asreal options.’

However, the paper tries to take the discusson one step further by asking the following
questions:

2 See Beler (1978)
3 For Germany see for example Vallrath (1983), Assmann (1985), Lehmann (1988), Heil and Roos

(1994), and Karnell (1996).
4 See for example Nordhaus (1967), Gilbert and Shapiro (1990), Klemperer (1990), Scotchmer and
Green (1990), Gdlini (1992), and Green and Scotchmer (1995).
See for example Scherer (1965), Griliches (1981), and Pakes (1986).
See for example Locke (1998), KPMG (1999), and Schildbach (2000).
See for example Rivette and Kline (2000).
See Reitzig (2002), chapter 4.
Note that strictly speaking this paper must not claim to view patents as real options because the
management perspective of the patent holder introduces a subjective dimension to the value. At
least in theory, however, a real option should have an objective value which does not depend on
the perspective of the patent holder. Yet, for the purpose of this paper | will stick to the term real
option to express that the value of the patent protected invention is subject to a risk and that the
patent holder may decide whether he exercises his exclusivity right or not. | will elaborate on the
problem of the objectiveness of the underlying’ s value in more detail at alater point.
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How can we actudly assess the input parameters (e.g. expected cash-flows,
volatilities, etc.) when vauing patents as red options?

And more specificaly: How can this task actualy be carried out at reasonable
costs for large portfolios of patents when a few hundred patents or even more
must be evauated quickly?

From the experience of this author, epecialy the last question till causes most
problemsin the daily life of andysts and R&D managers.

To address the first question, the paper briefly reassumes the discussion initiated by
Fitheky (1999) on “Red Options — Patents, Problems, and Solutions’. To come up with
suggestions as how to meet the second requirement for suitable patent portfolio vauations, the
paper will first make a step back and reconsider fundamenta issues for the evaluation of patent
rights. In anext step it will eaborate on the gate of the art and the anticipated future potentia of
patent portfolio vauation methods using econometrically vaidated indicators.

1.1. Real option valuation of patents— Existing practice and associated problems
Fithelky (1999) mentions three mgjor problems when vauing patents as real options.

1 Determining the current price of the underlying by predicting the present vaue of

cash-flows from the patent,
2. Determining the volatility of the underlying, and findly
3. Allowing for an eva uation that views patents as compound options.

In fact, | congder dl of the three problems mgor issues when discussng the
practicability of real options for patent vauations. Besides, | figure that for the particular problem
of vauing a patent even the assessment of investment costs and the investment time are often
complicated parameters to assess. Or in other words. Assessing any of the parameters entering
the Black and Scholes formula (Black and Scholes, 1973) or even more complicated models
imposes upon problemsin the case of patent valuations.™

Stll, interesting approaches to apply the Black and Scholes (1973) formula to patent
vaudions have been chosen in the past. Intuitively, market benchmarking is cetanly an
interesting idea to assess the input parameters that are needed to caculate the vaue of the
patent as an option. By doing so, one implicitly assumes that a spanning traded IP asset or
portfolio of assets can be found that shows the same volatility as the underlying of the patent or
the group of patents subject to vauation. There exists dso substantial empirica evidence that

10 See Geske (1979) for a model that takes account of the compoundedness of options. As a matter of
fact, the compound option character of a patent is striking. One example of the compound character is
mentioned in Pakes (1986). The owner of the patent (option) receives an additional option of renewing his
patent after a certain period of time. For the purpose of this paper, | will not go into the details of the
problems that are associated with the application of the Black and Scholes (1973) formulato patents because
of the compound option character of patents. No formalizations will be presented. It should be kept in mind,
however, that the real option valuation of patents might even require more complex models than the one
presented by Black and Scholes (1973).
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the market value of corporations is correlated with their 1P stock.™ In generd, these findings
render it plausible to gpply market benchmarking to patent vauation.

From a scientific standpoint, however, | sill wonder what we can actudly say about the
specific validity of such approaches to assess patent value? Even though there may be various
cases in which the gpproach yields scientificaly vaid results', | would be afraid that thereis till
a substantia number of scenarios in which spanning traded |P assets are hard to find: Patents
protecting radical inventions, patents protecting inventions that are exploited by multi-product
companies, barganing patents protecting inventions in highly cumulative technologies, etc. In
these cases, it may be difficult to find vaid proxies for the present vaue of the cash-flows and
their volatility by searching traded spanning assets.

Vdidity, however, is certanly only one criterion that affects the suitability of a patent
vauation from a corporate perspective. Other criteria are information avalability (time
congtraints) and evaluation costs for assessments. They shdl be briefly presented in the next part.

1.2.  Suitability criteriafor patent valuation methods from a cor por ate per spective

As mentioned before, this paper takes a strategic management perspective. Here, typica
questions for the evauations of patents might likely sound as follows:

What is the value of our own IP stock within a certain technology sector?
(Contralling)

What should we charge a certain licensee for the use of a specific group of
patents? (R& D Strategy/Marketing)

What is the maximum prize we should pay for the IP portfolio of a competitor
that isfor sde? (R&D Strategy)

The questions point a a category of applied management tasks where assessments are
needed for groups of patents rather than individua patents. Which could in these cases be the
caveats to the application of market benchmarking as described above?

In many of these cases it might be difficult to find a coherent spanning bundle of IP
assets to apply real option models in the way it was mentioned above. Validity may become a
problem. But even if the bundle of patents to be evaluated was so coherent that an application
of red option modds might be feasble from that point, one might still face problems due to the
novelty of the technology. The benchmarking applicetion fallsif equivaent socks of |P assets are
amply not traded yet. I nformation availability may become a problem. Most importantly,
however, it appears to be rather costly to apply a detailed rea option based evaluation to each

11 See for example Griliches (1981), Conolly, Hirsch et a. (1986), Conolly and Hirschey (1988),
Cockburn and Griliches (1988), Megna and Klock (1993), and Hall, Jaffe et a. (2000).

12 To the best of my knowledge there exists very little empirical evidence from large-scale scientific
studies about the validity of market benchmarking based real option evaluations of patents.

13 Such cases may be valuations of patents in discrete product technologies held by one-product
corporations (e.g. bio-tech patens held by start-ups).
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individua IP asset or each sub-dividable bundle of |P assets when ng the aggregate vaue
of an entire portfolio of patents. Evaluation costs may become a problem.

Implicitly, the summary of potential obstacles to the use of exigting red option evauations
provides a ligt of criteria for the suitability of patent assessments from a strategic management
perspective. No matter whether groups of patents or individua | P assets are eva uated,

1 Evaluation validity is an important criterion
In a vaiety of scenaios that are rdevant from a management

perspective, however, different criteria gopear crucid, too. Particularly when
vauing portfolios of patents,

2. Evaluation costs per patent start to play an important role. Besides,

3. Necessary information for the evauation should be available as early as
possible inthelife-time of the patents that are to be valued.

4. Optimdly, the necessary information should be publicly available so thet it
can be applied for the assessment of competitors patents as well.

Thus, with respect to the evauation criteria mentioned above there may exist numerous
occasions in which market benchmarking evaluations of patents prove inconvenient or fal short.
The question rises which potentid methods might satisfy those applied management needs at al.
This paper does certainly not am at giving afind answer. It does not uncover the philosopher’s
stone, ether. Rather than that the paper attempts to make some moderate progress by taking a
step back first and then move into another direction which has been pad less atention by
practitioners so far.

In the following | will, therefore, first reconsider basic questions such as What is the
vaue of a patent from a management perspective? And which potentid ways exig a dl to
edimate its value? The first two sectionsin the next chapter will be dedicated to these two issues.
In a next step | will then discuss the use of dternative indicators for patent vauations in more
detail.

2. Patent valuation from a management per spective

2.1 A ddfinition of patent value

What is the vdue of a patent from a management perspective? According to the
understanding of this paper a patent’s vaue is not observable. The vaue of a patent from a
management perspective is a theoretica term (as will become clearer in the following). Thus,
drictly spesking patent values can not be “measured” a dl. They must be assessed or calculated
according to their definition.

What is a suitable definition for patent value? As Harhoff, Scherer et d. (1999) can
show, for a mgority of empiricaly reevant scenarios a paent’'s vaue from a management
perspective is defined best as the difference in discounted future profits the patent holder makes
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during the remaining life-time of the patent vs. if higher srongest competitor in the field held the
patent.** This vaue is often referred to as the “asset value’ of a patent.

Equation 1 formdizesthis definition in avery generd fashion.

Patentvalueanticipatd = E(P : - PIC): E( pl ’ql 7CI ' pC'qC’CC - pl*’ql*’cl*’ pC*’qC*’CC*)
D

Legend: P, : Profits of the patent holder if he holds the technology

Pr: Profits of the patent holder if the strongest competitor held the
patent

P, q,Cr: Prices charged, quantities sold, and costs incurred by the patent
holder

Pc,dc.Ce: Prices charged, quantities sold, and cogts incurred by the
competitor

PO ,C Counterfactual prices charged, quantities sold, and costs

incurred by the patent holder if the competitor held the patent
Pc ,0c ,Cc .  Counterfactual prices charged, quantities sold, and costs
incurred by the competitor if he/she held the patent

The assessment of a patent’'s vaue according to this definition imposes obvious
problems. According to the chosen definition it is not sufficient to caculate the (expected)
present vaue of cash-flows for the patent holder if he/she holds the patent, but they aso need to
be assessed for a scenario in which the strongest competitor hold the patent. The expected cashr
flows in the second scenario are, however, counterfactud; i.e. they can never be observed. This
iIswhy patent value is atheoretical term.

The question therefore is how the patent’ s value can be proxied.

Assuming that benchmarking the present value of cash-flows (and itsrisk or distribution)
by looking a spanning IP assets is not possible for the reasons mentioned above, one has to
think about different ways of estimating future and partly counterfactua cash-flows and their
voldtility.

A different gpproach to vaue patents is to identify ther “vadue drivers’ or
operationdizations of those vaue drivers. Despite its obvious downsides™ this methodology
has been widdly accepted in the fidd of company vauation where the practical assessment of

14 See Harhoff, Scherer et a. (1999). The authors compare asset and renewal values for patentsin three
different empirically relevant scenarios, namely (@) in a standard scenario where inventions do not
build upon each other in a cumulative way and no blocking power can be exerted by the use of
patents, (b) a scenario in which inventions build upon each other in a cumulative manner and where
blocking power can be exerted, and (c) a scenario in which a patent protects a substitution
technology.

15 From a theoretical standpoint, the value of the underlying of a real option is objective (see for
example Laux, 1993). If he real option was traded, the objective value could be calculated from
arbitrage considerations. From a theoretical point, assessing the value of the underlying of areal
option using value drivers breaks with real option theory. From a practical standpoint, there is often
no other way to pursue the valuation of a,real option“.
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“red options’ is maybe equaly difficult as in the case of vauing patents.’® Section 2.2.1. will
follow such an gpproach of an dternative red option vauation usng vaue drivers ingead of
market benchmarking.

2.2. Assessing patent value without market benchmarking

In this section the understanding of what comprises patent value will be deepened first
(2.2.1). Different vaue drivers as known from the literature are embedded into a red option
framework. The discussion of this vaue concept is not an end in itsef but it shal enhance the
reader’ s understanding as to how the vaue of patents should consequently become assessable
by vaue proxies that are operationdizations of the latent value drivers. The latter discusson is
presented in section 2.2.2. Along the suitability criteria for patent vauations from a management
perspective laid out above the existing theoreticad and empirica knowledge of the gpplicability of
these proxiesis discussed.

2.2.1. A different “red option” framework for patents
Table 1 compares financid options and real options.

Table 1: Financial Options and Real Options

Financial Option on Share Real Option

Timeto expiry Timeleft toinvestin

Exercise price of the option Investment Cost of Project

Current price of the underlying share Present Value of Project Cash-flows

Standard deviation of underlying share returns Standard deviation of the Project value
(volatility)

Risk freeinterest rate Risk freeinterest rate

Source: Pithelky (1999) (dightly altered)

As Retzig (2002) shows, the exising knowledge on vdue drivers (or vaue
determinants) of patents can be sub-summarized under ared option framework.

Here, three of the parameters show patent specificities, that is the time to invest in, the
present value of project cash-flows, and the standard deviation of the project value.

When talking about patents, the patent’s duration (or life time) corresponds to
the maximum time to invest in.

The present value of project cash-flows should be driven by the patent’ s novelty,

its inventive activity (non-obviousness), disclosure, breadth, difficulty in

16 See Copeland, Koller et a. (1994), p. 42-44.
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(technically) inventing around, its position within a portfolio of other patents,
and the complementary assets of the patent holder.

The standard deviation of the patent’s value (volatility) should be driven by
technical, legal, and market uncertainty.

In the following, the centra terms mentioned above will be presented briefly. 1 will quote
origind sources from the economic literature so that the interested reader can go back to them. It
would ke beyond the scope of this paper to discuss the preiminary empirica evidence of the
importance of dl those value drivers in detail.™” Thus, the discussion of empirica results is not
carried out for dl of the vaue determinants and is kept short whereitisraised at dl.

2211 Patent duration

Various microeconomic models used to help designing patent systems optimdly Start
from the premise that the economic vaue of a patent for its holder increases with the patent’s
duration. Younger models (see for example Matutes, Regibau et a., 1996) differ from ther
predecessors (see Nordhaus, 1967) mainly in that they make more redistic assumptions as to
the digtribution of returns-per-period over time.*®

22.1.2. Novelty and inventive activity (non-obviousness)

Green and Scotchmer (1995) are the firgt to introduce “novelty” into an economic model
of patent vdue. As a legd term, novdty is a well-known characterigtic to legd scholars and
practitioners in the field. Novelty describes the technological distance between a patent-
protected invention and the sate of the art. Smilarly, inventive activity (or nonobviousness) has
been wdl-known to lawyers for long but was officidly introduced first by Green and Scotchmer
(1995) into the economic discusson.

2.2.1.3. Patent breadth

Klemperer (1990) and Gilbert and Shapiro (1990) were the first to assume that the
degree to which a patent protects an invention, namely the patent’s breadth, affects the patent’s
vaue. The authors assume that the patent breadth has a positive impact on the patent vaue.
2214, Disclosure

Green and Scotchmer (1995) assume that disclosing technicd information confers a
positive externdity on the patent-holder’s competitors which the patenting firm might want to

avoid. Disclosure should reduce a patent’ s vaue for the owner.

2.2.15. Difficulty in inventing around

17 For acomprehensive overview see Reitzig (2002), chapter 3.

18 Consistent with the literature on technology cycles (see for example Kotler and Bliemel, 1995) the
younger models do not assume that returns-per-period are constant but that returns-per-period are subject to
thelife stage of the underlying technology.
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Paents should exet more blocking power the more difficult it becomes to
circumnavigeate the protected invention with a new technology. Galini (1992) introduced this idea
into aforma mode for thefirg time.

2.2.1.6. Complementary assets

Patents protect products or processes. Oftentimes, complementary technology and other
complementary assets are needed to commerciaize the patent protected invention. Teece (1986)
andyzes in more detal in what way the commercid success of an invention depends on the
availability of complementary assets.

22.1.7. Technical, legal, and market uncertainty

The vaue of patents is subject to three kinds of uncertainty. Technologica uncertainty
was first acknowledged by Gilbert and Newberry (1982) in the economic literature on patents.
The central ideais that patenting usudly takes place a a point where the commercid success of
the find product still depends on overcoming future technica obstacles. Next to technicd
uncertainties market uncertainties matter sgnificantly. Again Gilbert and Newberry (1982) were
the first to explicit this aspect in the theoretical economic literature on patents’® Findly, legd
uncertainty enters the “volatility” of the present cashflows from a patent. Legd uncertainty
differs from the technicd and market uncertainty in two ways. At firg, it is partly determined by
the patent owner. This imposes an additiona problem to area option evauation of patents in
that the volatility becomes endogenous. Lanjouw (1998) was the firg to introduce this issue to
the economic literature. Expanding on the modd by Pakes (1986) she introduces legd
uncertainty that is created by the risk of entering and winning infringement suits. Later studies,
such as the one by Harhoff and Reitzig (2001) have taken up the idea in a somewhat different
fashion. Secondly, lega uncertainty may hardly affect the vaue of the underlying in an upward
fashion but the other way around (vadidity suits or infringement suits). Thus, it is questionable to
what extent legd uncertainty affects the vaue of the option at dl.

2.2.1.8. Empirical evidence — the importance of value drivers depending on the use
of the patents

Taking about the empirica evidence a digtinction needs to be made between the types
of empiricad evidence that exigt for the time being — studies using expert ratings and studies using
dternative measures both to proxy patent vaue and vaue drivers. To the best of my
knowledge only one empirica study has been published that directly relates expert ratings of
vaious vaue determinants to paent vaues. In this dudy, edimated vaues of 127
semiconductor patents were regressed on expert raings of the various vaue drivers. For this
vey paticular sample it turned out that the novety and the inventive activity were highly
corrdlated with the paents vaues as predicted by the experts. The difficulty in inventing
around and the disclosure turned out to be of minor importance. Due to the research design, the
impact of other characteristics could not be assessed® Interestingly, the results of the study
showed, however, that the disclosure of the patents had a positive impact on the patents values.

19 See Gilbert and Newberry (1982), p.521.
20 See Reitzig (20014).
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This particular finding emphasizes the importance to digtinguish between different “uses’
or modes of exploitation for patents when referring to value drivers for assessments. As well
known from the literature, patents may serve various purposes. Until about twenty years ago, it
was assumed that patents would dominantly be used to exclude competitors from the use of their
technology. As a matter of fact, Harabi (1995) and Cohen, Nelson et d. (2000) do find
empirica evidence for this traditiond assumption until today. However, in recent years the
literature adso reveded that patents may serve other purposes. Rahn (1994) underlines the
importance of patents as a means to “exchange technology” with competitors. In a survey of the
American semiconductor industry, Hal and Ham-Ziedonis (2001) reved that the main motives
for patenting in the field are triggered by negatiation consderaions. Thus, the findings by Reitzig
(2001a) have to be put into perspective. Disclosure may exert podtive externdities for a
semiconductor company participating in a patent pool with mgor players in the fidd in that
disclosng technica know-how conveys the impresson of competence to potential negotiation
partners. On the other hand, it may have regative externdities for chemical corporations that do
not participate in patent pools and are rather interested in hiding as much of their technology from
competitors as they can.”*

Indirect empirica evidence for the vdidity of patent duration as a value driver was
provided in two large-scale empirica studies by Schankerman and Pakes (1986) and Lanjouw,
Pakes et a. (1996). Schankerman and Pakes (1986) use the observable renewa decision by
patent holders from Germany, the UK, and France between 1955 and 1978 as the dependent
variable within a sructural estimation mode that regards the renewd decison as an investment
decison. Ther data set comprises 1.7 million renewd decisons. The findings show tha the
overal vaue of a patent (from grant to lapse) increases nonlinearly with its age.? Comparable to
the work of Schankerman and Pakes (1986) is the study by Lanjouw, Pakes et d. (1996). The
authors anayze renewa decisions for German patent cohorts between 1953 and 1988. The data
set consists of more than 20.000 observable renewa decisons. The results by Lanjouw, Pakes
et d. (1996) are comparable to the ones by Schankerman and Pakes (1986).

Indirect empirica evidence for the vdidity of novelty as a vaue driver is provided by a
study carried out by Carpenter, Cooper et a. (1980). By showing that patent references to the
scientific literature made during the examination procedure (see below for more details) are
corrdated with patent value they do sustain the assumption that novelty is a vaue driver of a
patent.

Some very preliminary empirica evidence exists on the importance of the inventive
activity asavaue driver for patents. In astudy of 613 European chemical patents Reitzig (2002)
can show that indicators which plausibly operationdize the inventive activity of a patent are
correlated with the patents vaues.

Some preiminary empirica evidence dso exids on the vdidity of patent breaedth as a
vaue driver of patents. Lerner (1994) showed that the value of American biotechnology firms
increases with the * scope’ of the patents they hold. Lerner measured ‘ scope’ by the number of

21 See Reitzig (2002) chapter 7 for some preliminary empirical evidence that disclosure may also have
negative effects on a patent’ s value in the chemical industry.

22 See Schankerman and Pakes (1986), p. 1073.

23 See Lanjouw (1998), p. 697.
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four-digit IPCs assgned to the patents in his sample. Arguing that the number of four-digit IPCs
proxies for the breadth of the patent he sustains the theoretica assumption that patent breadth is
positively corrdated with patent vdue. Moreover, paent clams (see dso bdow) should
theoreticaly reflect a patent’s breadth as well. By showing that patents weighted by their clams
corrdlate with macroeconomic measures of nationa performance, Tong and Frame (1992)

yielded some very first empirica evidence that patent breadth is another patent vaue driver.

Lanjouw and Schankerman’s (2000) findings that the likdihood of a patent being litigated

increases with its number of clams again sustain that patent breadth may be an important vaue
determinant of the patent.?*

Findly, some empiricad evidence exigts for the importance of technicd and market
uncertainty. In astudy published by the EPO in 1994, European patent gpplicants mention thet in
7% of the cases when they decide againg filing for a patent technicad uncertainty affects their
decision.?® For Japanese applicants this is true in 14% of the cases?® The study also reveds that
in 20% of the cases when European applicants decide againg a filing market uncertainty affects
their decision-making (for Japanese gpplicants this figure goes up to 31%).

2.2.1.09. An interim conclusion

Patent vaue is a theoreticad term which is difficult to caculate. Redl option assessments
of paents are appeding in that they take into account the limited life-time of a patent and the
uncertainty about expected cash+flows. Practicd problems are imposed upon by the estimation
of cash-flows and their volatility. Market benchmarking appearsto offer an interesting approach
to assess patent value in some but not in al cases. An dternative approach is to assess the vaue
determinants of a patent. Since most of these vaue determinants are latent congtructs they must
be operationdized for a“measurement”. Assessments of patents using vaue indicators may offer
an interesting aternative approach to the vauation of patents.

2.2.2. Indicators of patent value

As mentioned above the discusson of vaue drivers and embedding them into an option
framework was not an end in itsdlf. This paper ultimately addresses the question how the vaue of
patents — and large portfolios of patents in particular — can be assessed to serve applied
management needs. Recdling the suitability criteria derived initidly, vaduations need to be
scientificaly valid, they should be executable a any time and for any type of patent portfolio (in-
house and competitors), and they should not be costly.

One approach isto use indicators of patent vaue that are generated by the patent system
itself. According to the framework developed in 2.2.1. such indicators are ether vadid if they
operationdize one (or more) of the value drivers or if they refer directly to the present vaue of

24 Note: As Lanjouw and Schankerman (2000) point out, claims also mark potential points of disputes;
thus, their theoretical interpretation is more difficult than suggested above. Claims may refer to both,
the legal robustness and the breadth of a patent simultaneously. Therefore, they may operationalize
opposing effects at the same time. Thus, their suitability to empirically buttress breadth as a value
determining parameter islimited.

25 Seeo.V. (1994), p. 109.

26 Seelbid, p. 110.
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cash-flows from the patent (expected prizes, quantities, costs). Figure 1 illustrates the different
types of vdidity for vaue indicators according to the understanding of this paper.

Figure 1: Waysto use indicatorsfor patent valuations

Indicators

/\

Value Drivers Expected p,q,c

This section will summarize the exiging knowledge on the suitability of patent vaue
indicators that are generated by the patent system itsdf.?” The next section will then discuss
issues as to how indicator assessments can actudly be carried out, and it will dso discuss the
chdlenges of gpplying indicator vauations for the time being.

2221, Empirically tested patent value indicators

Reitzig (2001b) presents a tabulated survey of the existing scientific empirica studies
examining the correation between a patent’s vaue and patent information indicators. Studies are
characterized by the underlying sample size, the underlying dtatistical/econometric modd, the
latent variable used as a correlate for the patent’s value, and the resulting type of vdidity. The
survey shows that many of the studies do not validate indicators of patent value directly. Thisis
due to the fact that in many of the studies the dependent variable of the analysisis not the patent
vaue itsef but a value corrdate. As amatter of fact, this renders the discussion of the empirical
results difficult at times when trying to interpret the correation between an observable indicator
and the patent’s value. To a certain extent it appears possible to draw some generd conclusions
about the vaidity of the variables tested as indicators of patent vaue.

In the following I will first very briefly describe what the certain varigbles mean and refer
to the studies in which they were tested as patent value correlates. In the next section | will
summarize the findings on their suitability as indicators of patent vaue. | will report on their
vaidity®, their availability, and the costs of computing them.

27 For a comprehensive discussion see Reitzig (2002) chapter 4.

28 It needs to be said clearly, however, that none of the studies listed in Reitzig (2001b) actually used a
structural econometric model allowing for atest of validity of certain variables as indicators of distinct input
parameters of areal option valuation. The empirical evidence existing as of today is not as detailed which is
reflected in the state of the art of valuing patents with indicators (see 2.2.3.3.) and brings up future
challenges, too (see 3.).
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2221.1. Backward citations

US and EP patents are examined before grant. Novdty and inventive activity (non
obviousness) are patenting requirements. In practice, patent examiners judge the fulfilment of
these requirements by looking at the Sate of the art as reflected in existing publications, anongst
others former patent documents. Relevant state of the art documents are quoted by patent
examiners and are published with the patent application in examination. These documents are
cdled backward citations. Backward citations were tested in the following studies: Carpenter,
Cooper et d., 1980; Narin, Nomaet d., 1987; Lanjouw and Schankerman, 2000; Lanjouw and
Schankerman, 1999; Harhoff, Scherer et al., 1999; Harhoff and Reitzig, 2000.

22212 Forward citations

The term forward citation refers to the number of times a granted patent is quoted as
rdlevant Sate of the at during the examination of subsequently examined patents. Forward
citations were tested in the following studies Narin, Noma et a., 1987; Tratenberg, 1990;
Lanjouw and Schankerman, 1999; Albert, Avery et d., 1991; Harhoff, Scherer et d., 1999,
Harhoff and Reitzig, 2000.

2.2.2.1.3. Family size

Family sze describes some measure for the number of ates in which a patent is vaid.
Family sze was tested in the following dudies Lanjouw, Pakes et a., 1996; Lanjouw and
Schankerman, 1999; Guelec and van Pottelsberghe de la Potterie, 2000; Harhoff and Reitzig,
2000.

2.2.2.1.4. Scope

The scope variable is supposed to capture a patent’s breadth. The scope variable was
tested in the following Sudies Lerner, 1994; Harhoff, Scherer et ., 1999; Harhoff and Reitzig,
2000; Lanjouw and Schankerman, 2000.

2.2.2.15. Patent ownership

The patent ownership variable describes who holds the property right. In many studies,
the variable was used to distinguish between individua and corporate ownership. Ownership
was tested in the following studies Lanjouw and Schankerman, 2000; Harhoff and Reitzg,
2000; Guellec and van Pottel sherghe de |a Potterie, 2000.

2.2.2.16. The number of claims
The number of clams is supposed to capture the breadth of the patent. Either as an

absolute number or as a weighting factor it was tested in the following gudies Tong and Frame,
1992; Lanjouw and Schankerman, 1999; Lanjouw and Schankerman, 2000.
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2.2.21.7. The patenting strategy (mode of filing)

Patents can be filed in different ways. On an internationd leve, an gpplication viathe so-
cdled PCT route is an dternative mechanism to applying separately in various jurisdictions.
Different strategic rationaes are associated with the different modes of filing.% The mode of
filing/patenting drategy varidble was tested in the following dudies Guelec and van
Pottelsherghe de la Potterie, 2000; Reitzig, 2002.

2.2.2.1.8. The number of applicants

Petents can be filed by more than one applicant. The variable was tested in the study by
Guellec and van Pottel sherghe de |a Potterie (2000).

2.2.2.1.9. The number of trans-boarder research co-operations

Applicants can have different naiondities. From this information a variable can be
computed that reflects whether the patent gpplication is the product of a trans-border research
co-operdion. This variable was tested in the study by Guelec and van Pottelsberghe de la
Potterie (2000).

22.2.1.10. Keyinventors

According to Lotka (1926) asmdl ‘dite’ of (key) inventors accounts disproportionately
much for the scientific output of a corporation. A variable referring to key inventors was tested in
astudy by Erngt, Leptien et d. (2000).

222111  Legal disputes (oppositions against patents)

EP patents can be legdly “attacked” in an opposgtion procedure up until nine months
after their date of grant. This variable was tested in the sudy by Harhoff, Scherer et a. (1999).

22.2.2. Indicators and their suitability for patent valuations— an interim summary

With respect to the vdidity of the tested variables as indicators of patent vaue, their
avalability, and the costs associated with the computation of the indicator | come to the following
conclusons™:

Backward Citations have been tested as indicators for patent vaue in the past. The
main distinction needs to be made between patent and non-patent citations. Based on theoretica
condderations and results from various empirica dudies in the fidd it seems as if both
backward citations to the patent and non-patent literature operationdize novety and they
should therefore be valid corrdates of a patent's vaue. Besides, the attractiveness of a
technologica field should dso be reflected in the number of citations to the patent literature.
Nonetheless, the studies aso show that correlations between a patent’s value and backward
citations are not aways draght-forward which somehow limits their gpplicability. Backward

29 See Reitzig (2002) for more details.
30 See Reitzig (2002), chapter 4 for acomprehensive discussion.
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citations can be compiled for in-house patent portfolios and competitors portfolios dike. They
are avalable early in the life-time of a patent (after the publication) and are available at low cost
(electronicdly stored in data banks).

Forward Citations belong the indicators that have been examined most extengvey in
the literature. Based on theoretica congderations and results from various empirica sudiesin the
fidd it appears asif forward citations were valid correlaes of patent vaue. Patents that are cited
more often in subsequent examinations than others should — on average — have a higher technicd
and therefore economic vaue. Forward citations gppear to operationdize inventive activity, too.
Forward citations can be caculated from publicly available sources and are therefore applicable
to in-house evauations as well as for the evauations of competitor patents. The downside of
forward citations is that they are not available until subgtantid time after grant. Usudly a time
window of a least four to five years seems reasonable when computing forward citations. Thus,
they are not redly suited for the evaduations of patents at a very early stage in their life-time.
Computation costs for this type of indicator are low.

Until today, family sze has been tested as an indicator of patent vaue in severd
empirica studies. Based on theoretica consderations and results from various empirical studies
inthefied it gppears asif the family Sze was avdid correlate of patent vaue. From atheoreticd
standpoint it makes sense to assume that patent applicants are only willing to incur the increased
goplication codts (that are associated with the number of dtates of protection) if they expect
corresponding returns from the patent. Regarding the information availability, family sze may
show certain disadvantages over the other indicators mentioned before. Despite the public
availahility of the information necessary to compute the indicator | am afraid thet little variation
may be seen dong this indicator within certain corporations that file patentsin sandard countries
only. Findly, the indicator is available early during the life-time of a patent and is computable at
low cost.

Scope has been tested as an indicator for patent value in a series of sudies. To meits
theoretical foundation is questionable as the number of four-digit IPCs may well reflect the multi-
functiondity of a patent but not necessaily its breadth. It has not come out as a Sgnificant
corrdlate of paent vaue in aout haf the studies mentioned above, either. Regarding its
avalability, the indicator gppears dtractive because it can be computed directly after the
publication of the granted patent. Since it is eectronicaly available, compilations costs are low.

Patent Ownership is an gppeding variable for whose vdidity preiminary empirica
evidence exigs. From a theoretica perspective it is plausble to assume that corporate patents
may be more vauable (especidly in research intense indudtries), however, the rationde is less
convincing than for other indicators (for example forward citations). Since the ownership
information is avalable early in the life-time of the patent and computable at low cods the
indicator may be interesting where it shows variation (it might not show enough variaion when
looking at the portfolio of just one corporation).

The number of claims are interesting as an indicator of patent vaue for various
reasons. From a theoreticad standpoint there is good reason the believe that they reflect the
present value of the casht-flows from the patent by operationaizing its breadth. At the same
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time the pure number of clams is a measure that is not dl convincing. Clams are d<o difficult to
assign to only one input parameter of a Black-and-Scholes based red option vauation of a
patent (see beow). Prdiminary empiricd evidence for ther vdidity as a vaue indicator,
however, exigs. Asfar asther availability and computation costs are concerned, they used to be
somewhat less attractive than the other indicators because until recently they were not
eectronicaly available. This has changed now.

As interegting as the number of clamsisthe patenting strategy (mode of filing) asan
indicator of patent vaue. From theoreticd standpoint it makes much sense to believe that the
vaue of cash-flows from a patent as anticipated by its owner should be reflected by the owners
choice of the filing mode (different cost Structures, timing issues, etc.).** Until now, however,
there exig only two empiricd sudies vdidating patenting strategy varigbles as indicators of
patent vaue. Depending on the type of variable computed, they may not be available until 29
months after grant (PCT 11). The information necessary to compute the indicator is eectronicaly
avalable.

Vey little empiricad evidence exigts on the vdidity of the number of applicants, the
number of trans-boarder research co-operations, and key inventors as patent vaue
indicators. Thus, | will refrain from a discussion of these indicators at this stage but findly discuss
the suitability of oppositions as indicators of patent vaue. Even though they have not been
vdidated in more than one study, ether, they appear to have great potentia as indicators of
patent value. Expanding on a modd by Lanjouw and Lerner (1997), Harhoff and Reitzig (2000)
can show that also from atheoretica standpoint oppositions should clearly be corrdated with the
anticipated cash+flows from a patent. The mgor downside of the indicator is that it is not
available until 9 months after grant and that it not only proxies the present vaue of cashflows but
aso thelegd uncertainty of the patent option.

Summarizing the discussion above the following may be sated. A variety of indicators of
patent value have been successfully vaidated in the past. They differ in their avalability in time
and — to some lesser extent — in their computation codts.

Thus, a firg Sght it gopears as if patent vaduations usng indicators from the patent
system should be a sraight-forward task. As a matter of fact, however, the lack of scientific
knowledge with respect to the variety of effects that may be reflected by an indicator ill
imposes problems as will become clearer in the next part.

2.2.3. Assessing the value of patents with indicators

Until this point it was the purpose of this paper to show that dternative measures to a
market benchmarking exist that can aso be used for the assessment of patents and that might
satisfy company’ s gpplied needs better when valuing patents and patent portfolios.

But how can indicators actualy be used for patent assessments and why should
indicators be particularly suitable for the evauation of portfolios?

31 For a detailed discussion see Reitzig (2001c).
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2.2.3.1. A sophisticated patent valuation using indicators — the final goal

Theoreticdly, a sophigticated patent evauation using indicators could look like this:

1 Identify relevant indicators for the patent(s) to be va ued.

2. Assgn the different indicators to the caculation of the present value of cashr
flows and thar volatility respectively.

3. Choose an dgorithm for the cdculation of the present vaue of cashflows and
ther volatility through indicators (functiond form, weights).

4, Cdculate the vadue of the individua patents using the Black and Scholes (1973)
formula

In the case of aportfolio evauation:

5. Cdculate the portfolio vaue based on the information about the individua
patents.

Unfortunately, in practice we are ill far away from this. As a matter of fact, a patent
vauation usng indicators these days is il rather rudimentary with respect to most of the steps.

This is due to lacking scientific knowledge as to how severd of the steps mentioned
above can be carried out correctly. In the following, 1 will first briefly show where the obstacles
to carrying out a scientificaly sophidticated vauation using indicators lie. | will then move on to
describing the existing practice and | will explain why indicator assessments provide interesting
dternatives in various assessment cases dready today despite the existing shortcomings.

2.2.3.2. Obstaclesto indicator valuations from a theoretical perspective
22321 Identification of the “ right” indicators

How to choose the “right” indicators for the evauation of a particular patent or group of
patents is a difficult task. Even though there is substantia empirical evidence that supports the
hypotheses that backward citations, forward citations, family size, and other indicators are
correlated with a patent’s value it will be easy to find particular portfolios of patents where this
is not the case® As of today, companies will usudly take a representative (historical) test
portfolio whose va ue has been known to validate the significance of certain indicators for their

32 Note that his can be a tricky exercise because option values are not always purely additive. Thus,
the option value of the portfolio will not necessarily be the aggregate option value of the individual patents.
Consider two patent portfolios in which the individual patents have equal absolute option values. In one
portfolio, however, the options are interrelated, in the other they are not. Then, the portfolio values of the
two different portfolios will differ. The simple addition of the option values of the individual patents would
lead to a useless result for the portfolio value in the case of interrelated options.

3 Reitzig (2001b) describes that for the evaluation of a corporate patent portfolio of 90 semiconductor
patents various ,established' indicators did not turn out to be significantly correlated with the patents'
values. Forward citations were significant, family size and backward citations were not.
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own purposes. Obvioudy, this imposes various additiond problems the most dominant of which
may be to assess the value of the test portfolio and to find a representative sample.

2.2.3.2.2. Assigning the different indicators to the input parameters of a real option
assessment

Despite the variety of empirica studies that have been carried out (see 2.2.2.1) very little
is actualy yet known on the multitude of effects that are reflected by certain indicators. None of
the studies mentioned in 2.2.2.1 vaidates indicators of patent vaue within a structural model that
would alow to separate out the correlations between certain indicators and the present value of
patent cash flows from those between the indicators and the volatility of the underlying.
Nevertheless there is good reason to believe that a substantial amount of indicators is correlated
with both, cash-flows and volatility.®* Thus as of today it appears scientificaly questionable to
assign indicators to the different input parameters of the Black and Scholes formula.

2.2.3.2.3. Functional form and weights of indicators

A comparable problem to the assgnment of indicators to the different input parameters
of the Black and Scholes (1973) formula takes place a a different step of the valuation process,
too. As of today little is known whether indicators add up linearly in their explanatory power to
predict the present value of the cash-flows or not. Most of the studies described in 2.2.2.1
vaidated indicators in the reduced form. This does not mean, however, that a smple addition of
the indicators will be the most convenient way to assess the input parameters for the real option
assessment. Besides, weights of indicators may vary substantidly across indudtries and
companies. Little is known on what one forward citation, on backward citation or an opposition
may reved about the economic vaue of a patent. The following extract from the empirica results
isincomplete and is meant to convey agenerd impression only.

The study by Albert, Avery e d. (1991) suggests that the ‘margina returns of an
additiona forward citetion to a patent are increasng more than linearly. On a ordina scae an
increase from 7 to 13 forward citations is associated with an increase in the value of the patent
roughly by factor 6. Lanjouw and Schankerman (1999) suggest that weights for indicators have
varying importance for the patent quality index across industries. From their factor andysis using
US patents they deduct that forward citations enter the patent quaity index with aweight of 39%
in chemigtry and drugs but only 26% in mechanics. Family sze enters with a relative weight of
11% in drugs and chemistry and 18% in eectronics and mechanics. Backward citations enter
with ardative weight of 35% in drugs, 28% in chemicas, and 18% in eectronics and mechanics.
In another study, Harhoff, Scherer et d. (1999) find that DE patents of the 1977 cohort that
were renewed to full term were on average 11.2 times more vauable when they recelved (and

survived) an opposition by athird party.

2.23.24. Portfolio effects

A Take the following as an example: Family size may operationalize the breadth of a patent and it may
therefore be positively correlated with the present value of the cash-flows. At the same time patent breadth
may be positively correlated with a patent’ s probability to be invalidated or amended (legal volatility)
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Findly, when trying to assess a portfolio’'s vdue with indicators referring to individud
patents it seems hardly possible to modd interrdaions between the option vaues of the
individua patents at this stage. For example: to the best of my knowledge nothing is known on
the impact of the average number of backward citations of the patents in one sample on the vaue
of an additiond forward citation of oneindividud patent in the same sample.

2.2.3.3. Existing practice

To the best of my knowledge, for the time being indicator assessments in practice are
caried out in the following way.

Indicators are compiled for each patent within the portfolio that is subject to
vauation.

A weight is assgned to each indicator.

The vaues of the individud patents are caculated by adding up linearly the
weighted size of each indicator.

In the case of a portfolio evauation:
The portfolio vaue is cdculated as the sum of theindividuad patents vaues.

In prectice, indicator assessments differ with respect to the number and types of
indicators chosen for the assessment and with respect to the assgnment of the weights. In some
cases, the weight of certain indicators is determined by cdibrating them at a test portfolio of
patents whose vaue is known from other sources. In other cases, a factor andyds of indicators
yields the weights of each proxy.

Obvioudy, assessments of this type show tremendous shortcomings from a scientific
standpoint. The obstacles to a proper application of a red option framework as mentioned
above made this point very transparent. The existing obstacles do in fact define various future
research tasks (see below for a summary).

Stll, I argue that there are severd scenarios in which even the exigting indicator vauation
approaches offer an interesting aternative to other methods from a corporate perspective.

Even though indicators of patent vaue have not yet been vaidated in structurd models
that would dlow to assgn the indicators optimdly to profound vauation dgorithms, the vdidity
of those indicators as patent vaue correates in genera can hardly be doubted. Recalling section
2.2.2.2 it becomes clear that many of them can be recommended for the assessments of
portfolios comprising “young” property rights (i.e. property rights which were granted only
shortly before the evaduation). Findly, the indicators can be compiled at low costs.

Thus, exiging indicator assessments can preferably be congdered an interesting
dternative in cases when:

Large portfolios of patents need to be vaued
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Here, the cost advantage of an indicator assessment over other types of
vaudionsincresses.

Beddes, the reative evauation error for the entire portfolio decreases
compared to the relative error of each individua patent.

The evauated portfolios are not subject to high lega or market uncertainty
The evaduated portfolios consst of rather interrelated patents
It isdifficult to find comparable traded I P portfolios.

3. Summary and future challenges

This paper sarted from the premise that from an drategic management perspective
vauations of patents using real options should theoreticaly yield the most suitable assessment
results. Congstent with Pitheky (1999) it argued thet in practice red option vauations of patents
impose problems because it is especidly difficult to assess the present vaue of cashflowsfrom
the patent and the volatility of the cashflows. The paper tried to lay out that according to a
series of criteria determining the suitability of patent assessments from a management perspective
market benchmarking may not ways be a convenient way to assess the input parameters for a
re option assessment. It was argued that problems usng market benchmarking might
particularly occur in cases where it becomes cosdly to find spanning traded | P assets. This might
epecidly be the case for portfolio vauations when severa different spanning 1P assets need to
be found for the individua patents within the portfolio. The paper tried to show that dterndive
approaches to the assessment of the present vaue of the cash-flows and the volatility of the
cash+flow could offer interesting dternatives in cases where market benchmarking fals short.
Reviewing the literature on the determinants of patert value (vaue drivers) it was shown that a
patent’s present value of cash-flows is driven by the patent’s novdlty, its inventive activity (non
obviousness), breedth, disclosure, difficulty in inventing around, and the avalability of
complementary assets. Equdly, it was argued that the voldility is determined by technicd,
market, and legd uncertainty. Reviewing the empirica literature on patent indicators the paper
then presented existing knowledge on how the present vaue of cash-flows may become subject
to an assessment by indicators (that correlate directly with expected cash-flows or operationaize
latent vaue drivers). An overview over the best-known and scientificaly vaidated indicators was
presented in 2.2.2.2. Referring to the actua dtate of the art in assessing patents using indicators
from the patent system the article presented the existing shortcomings of current practice as of
today, such as the problem of assgning weights to indicators or assgning indicators correctly to
the input parameters of a red option vauation. Despite their shortcomings, however, smplistic
indicator evauation as carried out in practice today dready provide a vaue added to the
management in various cases. They are epecidly gppeding in scenarios where large portfolios
of patents need to be evaduated quickly on aregular basis.

As mentioned before, severd future challenges exist for researchers and practitioners
seeking to improve existing vauation gpproaches from a management perspective. Some of the
points had already been touched in the section 2.2.3..
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Refining indicator evaduations provides chalenges to econometricians working with
patent data. From an applied point, | would consider research projects “useful” that address the
question of how different indicators from the patent system can be vdidated either as indicators
of the present cash-flows of a patent and/or the volatility of the cash-flows.

Extending our empirica knowledge on the vdidity of certain indicators across industries
and patent uses might be another rewarding task for researchers working in the field.

The use for additiond indicators accessible from public data sources would be a third
task for researchers trying to enhance the power of prediction tools for patent vauations. Here,
specid atention should be pad to vdidating indicators that operationdize latent vaue drivers.
With an eye on related future issues (such as IP accounting) it might be especidly rewarding to
uncover indicator variables that are not endogenous from the perspective of the patent holder.

A fourth issue to be addressed by researchers is the question of valuing synergies
between individua patents within portfolios. To the best of my knowledge, as of today most of
the portfolio vauaion gpproaches sum up the vaues of the inherent individud patents (or
subgroups of patents). Obvioudy, in that way synergistic effects between individua patents that
have an impact on the portfolio’ s vaue as awhole cannot be illustrated.

Along the same line of thought but on a somewhat higher leve it may be a crucid (fifth)
task to consider potentia synergies between different types of intellectud property rights. The
vaue of an individud patent may be dgnificantly affected by the (lack of) support of a strong
brand.

* * * * *
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