J. Technol. Manag. Innov. 2019. Volume 14, Issue 4

Portfolio Evaluation of Academic Patent: A Proposal to Brazil

Rafael Angelo Santos Leite", Iracema M. de A. Gomes?, Suzana L. Russo® and Cicero C. S. Walter*

Abstract: In the current context of scarce financial resources, technology transfer offices are pressured to find ways to increase revenues through
technology transfers or reduce expenses with their portfolio of technologies, especially patents. The Patent assessment seeks to detect the market
potential of patents for transfer through licensing, abandonment, or maintenance. In this context, the objective of this study is to validate the lea-
ding indicators used in the patent evaluation to develop a framework for evaluating academic patent portfolio in the Brazilian context. For this,
we used mapping and analysis methods of the current models besides focus group consultations, exploratory factorial analysis, and Analytical
Hierarchy Process (AHP) to validate the indicators. The results show that seven factors are determinant in the evaluation of academic patents,
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identified weights as value indicators to evaluate patents with the most significant market potential.
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Introduction

The Innovation Law 10.973/2004 and Law 13.243/2016 established
the Center of Technological Innovation in Brazil, a structure set up by
Science and Technology Institutions (STT) to manage the institutional
policy of innovation, in addition to other competencies of the new
lawful support.

In Brazil, however, the centers undergo structuring processes, and
there is still no way to effectively manage the portfolio of assessment
or valuation technologies for their licensing. Thus, there are low
economic benefits. In times of scarce financial resources, techno-
logy transfer offices are pressured to find ways to increase revenues
through technology transfers or reduce expenses with their portfolio
of technologies, especially patents.

Patent evaluation is a useful tool to detect its market potential and
contributes to portfolio management decision making. In this paper,
we present some results of the patent portfolio evaluation in the inter-
national literature (Grimaldi, Cricelli, & Rogo, 2018; Hsieh, 2013/2;
Santiago, Martinelli, Eloi-Santos, & Hortac, 2015; B. Wang & Hsieh,
2015/3). A common feature in the development of these models is to
look for the most relevant indicators of patent analysis.

Patent appraisal models are particularly suitable for institutions dea-
ling with an extensive portfolio. It is even more appropriate when one
doesn’'t have many resources to evaluate each of them through a per-
sonalized approach using quantitative methods (Santiago etal., 2015).
Identifying valuable patents within an organization’s patent portfolio
is a crucial issue for intellectual property managers (Wang & Hsieh,
2015/3). If a Science and Technology Institution (STI) achieves the
know-how to evaluate a technology value through patent analysis,
then it can conduct better marketing and cost-effective strategies, it
will be able to make decisions rightly (Hsieh, 2013/2).

In this context, the aim of this article is to validate the leading appropriate
indicators for the evaluation academic patent portfolio in the context of
Brazil and contribute to the technology transfer processes, presenting a ge-
neral evaluation model for Brazilian Science and Technology Institutions
that may also be useful for similar cases in other Latin American countries
with related limitations in terms of their ability to produce technologies
from academia to market (Hansen, Agapitova, Holm-Nielsen, & Vukmi-
rovic, 2002; Lee & Kim, 2018; Navarro, Benavente, & Crespi, 2016).

Besides this brief introduction, this paper has four sections. In the
next section, In the next section, we present the theoretical fra-
mework with main concepts that guide the development of a proposal
for evaluating academic patents. Then, the methodology is described,
the results obtained, considered as the central point of this paper, and
the conclusions and suggestions of future researches.

Theoretical references

Intellectual Property Management

Science and Technology Institutions (STI) have collaborated with
patent applications around the world. In the case of Brazil, there is
growth, although discontinuous, of patents number coming from
universities (Amadei & Torkomian, 2009). Despite the distance from
Brazil, Russia, India, China, and South Korea - BRICS (Thimoteo,
2013), universities in Brazil have been advanced both in the number
of the patent application and into intellectual property (IP) manage-
ment (Amadei & Torkomian, 2009; Mueller & Perucchi, 2014).

Identifying valuable patents within an organization’s patent portfolio
is a key issue for IP managers (Wang & Hsieh, 2015/3). “Patents con-
tinue to be one of the most readily available and reliable sources of
information to evaluate a technology” (Hsieh, 2013/2, p. 307), so it is
necessary for the manager to understand the value of his patent port-
folio, and thus, to manage it strategically (Grimaldi et al., 2015/5).
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The analysis of the “perceived value of a patent portfolio can clearly
help the decision-making process and define the best protection stra-
tegy of a company” (Grimaldi et al., 2015/5, p. 287), however, it is
not easy for IP managers to estimate the value without market infor-
mation, especially university patents, since they are generated from
science-oriented research projects that are generally far from ready
for commercialization (Hsieh, 2013/2).

The study by Pévoa & Rapini (2010) on technology transfer from
Science and Technology Institutions in Brazil concluded that “about
45% of the interactions refer to the transfer of the new process and
techniques, while new transfers of products represent 29.4% (Pévoa
& Rapini, 2010, p. 18), demonstrating that universities and research
institutes generate technologies that are not sources of new products
ready for commercialization.

When one achieves the ability to evaluate the price of technology
through patent analysis, it is possible to predict the priorities concer-
ning patents already filed and new invention proposals, as well as to
advise managers on the technological fields for better investments in
research and development projects (Hsieh, 2013/2).

Several patent portfolio evaluation models have been proposed (Gri-
maldi et al., 2015/5; Hsieh, 2013/2; Lee & Sohn, 2016; Santiago et al.,
2015; B. Wang & Hsieh, 2015/3). A common feature in the develo-
pment of these models is the search for more relevant indicators to
offer the best analysis. These indicators are based on existing litera-
ture, as well as the opinion of experts and focus groups. Next, the
models used to assess the potential of patents will be addressed.

Patent Assessment Models

In order to properly manage intellectual property, organizations must
be able to measure and evaluate the value of their patent portfolios
(Hanel, 2006/8), and the establishment of patent indicators is key to
patent analysis (Tseng, Hsieh, Peng, & Chu, 2011/2). The retrieval and
evaluation of patent data should be institutionalized within the orga-
nization (Ernst, 2003).

These are indicators related to the value of patents: citations received
from subsequent patents, the number of references to the patent lite-
rature, measures of family size, and successful defense against annul-
ment claims and opposition proceedings (Harhoff, Scherer, & Vopel,
2003). Also, “the greater the breadth of patent scope, the stronger of
patents impact on the value of the company” (Hanel, 2006/8, p. 925).
Tseng et al., (2011/2) ranked patent indicators from previous studies
into three types according to the purpose (why), technology strategy
(how), and value produced (what). The indicators related to market
potential, i.e., the value provided, were: patent age, corporate market
value, backward reference, forward citation, family size, scope, owner,
number of claims, patenting strategy, number of applications, num-
ber of co-operation between researchers, number of key inventors,
and legal disputes.

Considering a statistical approach, indicators such as forward cita-
tion, grant decisions, patent families, renewals, and oppositions are
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used to assess the value of patents (Van Zeebroeck, 2011). He elabo-
rated a ranking among a set of similar patents using these five indi-
cators, synthesizing them into a single value (percentage indicator)
from 1-100.

Nam, Nam, & Kim (2015/6) investigated the financial effect or stock
value resulting from patent processes between Apple and other
smartphone manufacturers such as Samsung and High Tech Compu-
ter Corporation (HTCC). The result showed that patents in litigation
might have added value.

Considering that detecting promising academic research is vital for
companies in a variety of industries (Ogawa & Kajikawa, 2015/1) if
a patent is within a promising area, this has additional relative value.
Liu, Cao, & Song (2014) conducted a lifetime patent analysis and the
Chinese patent renewal between 1985 and 2005 and found that the
patent value varies between different technological areas considera-
bly. Wang, Garcia, Guijarro, & Moya (2011) calculated the relative
importance of patents for a group of companies in a specific indus-
try. This importance was calculated using seven (7) indicators. The-
se include the age of patent, the extent of protection, citations made
from the patent and received by other subsequent patents, number of
claims, and patent family size.

The Hsieh (2013/2) presents a hybrid method of evaluating patents
and determining the strategy in the initial stage of commercialization.
In this model, the target audience is Research Institutions with a pa-
tent portfolio, and the leading benefit is to establish strategic actions
directed to each group of patents in the portfolio, increasing their
chances of commercialization. The 20 indicators used were subjected
to a factorial analysis that resulted in 4 groups of indicators: General
Management Benefits (Goodwill, Revenues, Social Welfare, Licensing
opportunities, Industrial clustering or Networking completeness,
Spin-offs Opportunities, Business Diversification, and Research and
Development (R&D) effort and staff); General Management Risks
(managerial risk, increased technological risk - i.e., certification, mee-
ting standards -, market acceptance risk, technological development
or production risk, market risk, and increased expenses due to litiga-
tion); Offensive Benefits (income due to litigation, citation of patents,
and market share); and Cost-Related Risks (Cost, Patent application
and maintenance costs, and Expenses.

The model developed by Santiago et al., (2015), “The framework for
assessing the portfolio of technologies for licensing out, was proposed
for large corporations to analyze their portfolio of patented techno-
logies and subsequently establish royalty rate values to support the
negotiation process. At this point, it serves as the rationale for the
negotiation of large patent volumes. Indicators used were: Breadth
(Geographical coverage), Licensing limitations (legal, strategic or te-
chnical limitations), value generation potential criterion (Technical
and Marketing Aspects). The impact of marketing was divided into
potential, trends, and burdens.

The authors believe that this framework is of great value to universi-
ties as well as to their technology transfer offices. Once the reference
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values for royalty rates have been provided, potential licensors and
the university can deal with the negotiation from that rate (Santiago
etal., 2015).

A model proposed by Grimaldi et al., (2015/5), “The patent portfo-
lio value analysis: a new framework to leverage patent information
for strategic technology planning) is a practical and replicable eva-
luation model that removes strategic patent information combining
economic- with bibliometric-technological details, in order to sup-
port the decision-making process of patent managers and verify their
compliance with the technological and innovative strategy in the
company. They use determinants of patents value that are extracted
from patent databases: Technical scope; Forward citation frequen-
cy; International scope; Patenting strategy; and Economic relevan-
ce. The model makes it possible to suggest which strategic changes
can improve the value of the portfolio, or which significant actions
should be implemented, such as portfolio licensing or sales, rather
than technology production. For Grimaldi et al., (2015/5, p. 287), the
portfolio value refers to the “power of the portfolio to support the
company’s value creation process and its strategic business objectives.”
The study by Wang & Hsieh (2015/3) resulted in the model ‘Measu-
ring the value of patents with fuzzy multiple criteria decision making’
The authors re-examined the criteria used by model researchers to
evaluate patent portfolios. The authors concluded that these criteria
were incomplete, differed widely between studies, were not always
independent, assessed only a small number of patents, and, in gene-
ral, they were from a specific sector. The indicators of Wang & Hsieh
(2015/3) are a) Strategic Patent Values (innovation, technology com-
petitiveness, business potential, and organizational growth; b) Patent
protection values (Quality and residual life cycle); and c¢) Values of
marketing (new products initiated in relevant industries or not). The-
se groups were called objectives and are inspired by the patent mea-
surement system of Yet2.com.

The result of the Wang & Hsieh (2015/3) model is the patent classifi-
cation into three types: Class A (highly valuable), Class B (interme-
diate values), and Class C (low). After this classification, it is possible
to establish strategic actions for patents. Two examples of decisions
suggested in this model are 1) patents with very high scores (class A)
the suggestions can be plans for licensing or for new venture initia-
tives; and 2) for patents with low scores in category C, auctioning or
dropout are suggested because of the minimal patent-related oppor-
tunities.

Another model (Lee & Sohn. 2016), called ‘Patent portfolio-based in-
dicators to evaluate the commercial benefits of national plant genetic
resources, is a patent evaluation framework based on the proposition
of specific indicators that estimate the commercial value by the use of
genetic resources in the biotechnology industry. Some indicators of
this model have been established in terms of marketing (Impact Di-
mension - The diversity of related industry and nationality of inven-
tors/applicants; Cost-Effectiveness Dimension - Patent family size,
related industry scale and export; number of citations for forward
and backward, Dimension Growth - Current impact, growth rate of
patent applications and Dimension Exclusivity - Number of species
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of the same genus registered in Union for the Protection of New Va-
rieties of Plants (PNVP). The result of this study is a map of value
correlating the aspect of “Technology’ with that of ‘Marketing’ relative
portfolio of Korean genetic resources that can help the State and users
in the benefits-sharing agreements.

Considering that the model offers identification of the relative value
rather than the exact monetary value of the patents, its leading con-
tribution was to provide useful references for use as a reference point
during the negotiation of benefit-sharing agreements (Lee & Sohn,
2016).

A detailed analysis of these models allows us to understand that they
use some value indicators that do not always differentiate the value
of patents produced by Science and Technology Institutions in con-
texts of developing economies such as Brazil, where patents have, for
example, fewer cases of litigation, little interest in defending the mar-
ket and reduced family size. A quick analysis using Orbit software
shows that the number of international applications arriving in Latin
American countries is much higher than those coming from here to
the world, showing that patents in this region tend to have a small fa-
mily (Orbit, 2019), moreover, the share of these international patents
assigned to universities, institutes or individuals is small (Chakrabarti
& Bhaumik, 2015). In this sense, this research aims to present a gene-
ral model for patent evaluation that is useful for Brazilian Science and
Technology Institutions, not excluding the possibility of application
by institutions present in other Latin American countries with similar
intellectual property generation dynamics (Fuquen & Escobar, 2018),
as well as those who have, along with Brazil, Universities in the list of
the top 500 in the world (e.g. Chile and Argentina) (Academic Ran-
king of World Universities, 2018).

Research Methodology

This research proposes to validate the leading indicators used in the
patent evaluation to develop a framework for evaluating academic
patent portfolios in Brazilian, through into three specific objectives:

Specific objective n.1: Map the existing patent portfolio evaluation
models published in the ScienceDirect database (2009-2016), using
terms related to assessment, assessment, value, valuation, evaluation
or evaluation and patent or technologies with the following command
1: pub-date > 2009 and TITLE (assess* OR *valu* AND patent* OR
technolog* AND portfolio). This command brought two impor-
tant papers for the begging of this research because they presented
relevant details and information to support the use of keywords to
delimited the scope of the present research. They are 1) “The patent
portfolio value analysis: A new framework to leverage patent infor-
mation for strategic technology planning”. (Grimaldi et al. 2018); and
2) “A framework for assessing a portfolio of technologies for licensing
out” (Santiago et al. 2015). In command 2, excluded the term ‘port-
folio, obtaining a sample of 8 articles: (Van Wyk, 2010/4), (Wang et
al., 2011), (Dunn, Luke, & Nassar, 2013/3), (Kontogianni, Tourkolias,
& Skourtos, 2013/4), (Grimaldi et al., 2015/5), (Santiago et al., 2015),
(Lee & Sohn, 2016) and (Song, Seol, & Park, 2016/2). The next search,
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command 3, taken out the exigency of the “portfolio” term. As the
sample was extensive (1,780 articles), the search was limited by the
topics “patent, technology assessment’, obtaining, then, 85 articles.
Afterward, these articles were classified in three ways: 1) Is it a patent
portfolio assessment model with similar indicators to other models?;
2) Do you propose any of the leading evaluation indicators?; and, 3)
Doesn't directly collaborate with the research objectives, but can be
useful for methodology, method, analysis of results, others.

The specific objective n. 2: List the indicators most used in the mo-
dels. After identifying similarities between 54 (fifty-four) indicators
present in the models, these were grouped into a list of 18 (eighteen),
they are: (1) Term of Patent Expires (Santiago et al., 2015); (2) Pa-
tent Family Size, or Geographical Scope of Protection (Grimaldi
et al., 2015/5; Santiago et al., 2015; Suzuki, 2011/9); (3) Number of
Claims (Grimaldi et al., 2015/5; Lee & Sohn, 2016; Suzuki, 2011/9;
Wang & Hsieh, 2015/3); (4) Formal Limitations on Commercializing
(Santiago et al., 2015); (5) Litigation (Hsieh, 2013/2); (6) Number of
Citations (Grimaldi et al., 2015/5; Lee & Sohn, 2016; Suzuki, 2011/9);
(7) Need of High Initial Investment (Hsieh, 2013/2; Santiago et al.,
2015); (8) Need for certification and compliance with many standards
(technological risk) (Hsieh, 2013/2); (9) Risk of market acceptance
(Hsieh, 2013/2); (10) Market risk (eg changes in prices or market ra-
tes) (Hsieh, 2013/2); (11) Size of the market (Grimaldi et al., 2015/5;
Santiago et al., 2015; Wang & Hsieh, 2015/3); (12) Economic rele-
vance (Grimaldi et al., 2015/5); (13) Patent strategy (Grimaldi et al.,
2015/5); (14) Impact of technology on industry (Level of innovation)
(Santiago et al., 2015; Wang & Hsieh, 2015/3); (15) Superiority/com-
petitiveness of technology in relation to substitutes (Santiago et al.,
2015; Wang & Hsieh, 2015/3); (16) Market trend (Hsieh, 2013/2; San-
tiago et al., 2015); (17) Technology with the patent has already been
licensed (Wang & Hsieh, 2015/3); (18) The technology has already
been transformed into product or process (in start ups or spin-off)
(Hsieh, 2013/2, Wang & Hsieh, 2015/3).

And, specific objective n.3: Validate the leading indicators for the
evaluation of academic patents. The indicators were submitted to jud-
gments according to their influence on the value of academic patents.
Cronbach’s Alpha was applied to guarantee the reliability of the data
collection instrument (Maroco & Garcia-Marques, 2013). The result
obtained was 0,789, which indicates reasonable reliability between 0,7
and 0,8. We used the Exploratory Factor Analysis method of the 18
criteria, with the student version of the Statistical Package for the So-
cial Sciences (SPSS) software, obtaining 7 (seven) main components
(Hair, Black, Babin, Anderson, & Tatham, 2009; Saunders, Lewis, &
Thornhill, 2007).

After finding these 7 (seven) possible factors, the next step was to find
the relevance of each on the market value of patents in Brazil. Wang
et al,, (2011) used weights obtained quantitatively by mathematical,
statistical, and computational equations. Other authors determined
these weights by interviews using questionnaire research with experts
(Hsieh, 2013/2; Lee & Sohn, 2016; B. Wang & Hsieh, 2015/3). This
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research obtained the weights using the Analytical Hierarchical Pro-
cess’ method. AHP is a method of solving a problem with multi-crite-
ria with qualitative and quantitative characteristics (Saaty, 1990). Sin-
ce subcriteria are structured hierarchically, decision-makers assign a
level of importance to each criterion through comparisons of pairs to
produce scores, which are the weights for the indicators.

Sample definition and data collection

Brazil is the Latin American country with the most Universities in the
top 500 ranking of 2018 (Academic Ranking of World Universities,
2018), two of which - the University of Sdo Paulo and University of
Campinas - are among the most respected universities in Latin Ame-
rica by managing the Technology Transferences process through their
Technologies Transferences Officers (Dias & Porto, 2018). Given the
similarities in the dynamics of intellectual property generation with
other Latin American countries (Fuquen & Escobar, 2018), consul-
ting experts from the higher-yielding Brazilian science and techno-
logy institutions means, to some extent, capturing the expertise of
capable professionals reflect the similar and positive characteristics
of Latin American innovation systems (Lee & Kim, 2018), as well as
their patterns of technological expertise (less dynamic and stagnant
technologies) over the last decades compared to other emerging eco-
nomies such as Asia (Urraca-Ruiz, 2019).

The sample of experts consulted in this research was composed of 39
professionals, among managers of technology transfer offices or ex-
perts on this subject. To reach this number, a form with questions was
sent to the estimated population of this sample, for a total of 428 (four
hundred and twenty-eight) people. This was done through contact
with Intellectual Property Associations in Brazil: Academic Associa-
tion of Intellectual Property (AIP) of the State of Sergipe, Intellectual
Property Association of Sao Paulo (IPASP), Brazilian Association
of Intellectual Property Agents (BAIPA), National Association of
Research and Development of Innovative Companies (NARDIC)
Brazilian Intellectual Property Association (BIPA), Postgraduate
Program in Intellectual Property (PPIP) of the Federal University
of Sergipe (FUS), PROFINIT Program, and professionals from Cen-
ters of Technological Innovation of Science and Technology Insti-
tutions (public or private). In this step, the percentage of responses
was only 9.13%. To reach the specific objective 3 (validation of the
indicators), the second collection (Step 2) was carried out with a focus
group using another questionnaire. There were 23 respondents in this
2nd step.

A limitation regarding the selection of the sample of this research is
the number of respondents of step 1 that, according to Hair et al.,
(2009), preferably a factorial analysis is performed with a sample
greater than or equal to 100 and, as a general rule, the minimum is to
have at least five times more observations than the number of varia-
bles to be analyzed, conditions that are not respected by the sample of
the present study, so that the Exploratory Factor Analysis performed
is indicative of possible factors.
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Results and discussion

Step 1 of the research: focus group consultation and factorial
analysis

In order to identify the leading determinant factors to the evaluation
of academic patents, an Exploratory Factorial Analysis was applied on
18 (eighteen) indicators most commonly used in models to evaluation
patents. The Kaiser-Meyer-Olkin (KMO) and Bartlett tests are found
to be 0,563 an less than 0,001, respectively. These results show that
the Factorial Analysis is useful, allowing reject the hypothesis of the
identity of the correlation matrix, i.e., that the variables are correlated
to the level of significance of 5%. So, it is possible to proceed with the
Factorial Analysis. After analyzing all the assumptions for the appli-
cation of the factor analysis, it is observed that some variables have
values of sample adequacy below 0.5, however, as the communities
after extraction have values higher than 0.5, if not remove them. For
the extraction of the factors, the principal components method was
chosen. To identify the number of factors, the Kaiser and Pearson
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criteria were applied, resulting in 7 factors with their own values grea-
ter than 1 (one) and a variance cumulative percentage of 71.06% in
the total variance.

In order to facilitate the interpretation of the factors, a factor rota-
tion was performed according to the Varimax method to maximize
the values of the factorial loads so that each variable is associated to
only one factor. Table 1 shows that Factor 1 brought together the
indicators Litigation, Market Risk, Patent Licensed Technology and
Technology Transformed into Product explains 24.07% of the total
variance, thus being the most important factor. The other factors
explain, respectively: Factor 2 explains 12.37% of the total variance;
Factor 3 explains 10.33%; Factor 4 explains 9.94%; Factor 5 explains
7.86%; Factor 6 explains 6.31%; and finally, Factor 7 explains 5.48%
of the total variance.

In table 1 it’s possible to visualize the results of Step 1: Focus group
consultation and factorial analysis.

Table 1. Summary of Exploratory Factor Analysis for patent assessment criteria

Factors

Communalities after

(Patents Assessment Criteria) Factorial load % of variance explained Values extraction
Factor 1 24,077 4,575
Technology transformed into Product 0,778 0,842
Market Risk 0,688 0,705
Technology licensed with the patent 0,673 0,576
Litigation 0,628 0,734
Factor 2 12,378 2,352
Economic Relevance 0,809 0,729
Market Size 0,656 0,605
Patent Strategy 0,593 0,762
Factor 3 10,335 1,964
Impact of Technology on Industry 0,889 0,869
Superiority / Substitutes 0,765 0,746
Number of Claims 0,531 0,710
Factor 4 9,942 1,889
Formal Marketing Limitations 0,674 0,778
Size of the Patent Family (Geographic Scope of Protection) 0,851 0,770
Factor 5 7,869 1,495
Need for High Initial Investment 0,908 0,876
Need for certifications 0,840 0,888
Market Acceptance Risk 0,292 0,677
Factor 6 6,317 1,200
Number of citations 0,735 0,760
Market Trends 0,584 0,798
Factor 7 5,481 1,041
The term of patent expires 0,869 0,838
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Looking at Table 1, some highlights deserve attention. Litigation pre-
sented the lowest factor load in the ‘Factor 1’ group, indicating that it
is not a relevant criterion to determine the value of patents in Brazil,
unlike studies in other markets (Agliardi & Agliardi, 2011, Allison,
Lemley, Moore, & Derek Trunkey , 2003; Hsieh, 2013/2, Zhang, Lv, &
Zhou, 2014/3). The explanation can be the shortage of legal processes
involving academic patents in Brazil.

‘Patenting Strategy’ is a factor-only support criterion, unlike other
studies (Grimaldi et al., 2015/5; Suzuki, 2011/9) that have a promi-
nence in the value of the patent when they have the potential to block.
This result is justified by the inherent characteristics of the academic
patents since they come from research without interest to defend
some market dominated by technology, as it happens in private com-
panies of high technological intensity.

‘Number of claims’ had the lowest factor load factor 3, demonstra-
ting only to be a criterion supporting factor 3. This result differs from
other studies (Grimaldi et al., 2015/5; Lee & Sohn, 2016; Suzuki,
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2011/9 (Wang et al., 2011). Perhaps if the term presented to the ex-
perts was ‘Quality of claims’ (Wang Wang & Hsieh, 2015/3), the result
could be different.

The lowest factor load was ‘Market Acceptance Risk’ (0.292). The ex-
planation may be related to the profile of academic patents that are, in
general, embryonic (Jerry G. Thursby, Jensen, & Thursby, 2001) and
more process-focused than products. And when related to products,
it generally has no potential to create new markets and therefore the
experts consulted do not come with this criterion with a strong rela-
tion to the value of patents in the context of Brazil’ ICT.

Finally, another highlight was the ‘Number of citations” (forward and
backward) criterion that has a high factorial load, indicating that it is
relevant to determine the value of patents in Brazil, confirming most
of the international studies related to this criterion (Grimaldi et al. al.,
2015/5, Lee & Sohn, 2016, Suzuki, 2011/9).

Factors have been renamed and their definitions are presented in Table 2:

Table 2. Factors renamed from the factorial load of the independent criteria

Factors renamed

Independent criteria / Factorial load

Factor 1 - ‘Expectations regarding the level of technological maturity’

Factor 2 - ‘Expectations regarding the financial return of the investment’

Factor 3 - ‘Expectations regarding the competitive advantage of technology
in its segment and its superiority over substitutes’

Factor 4 - ‘Expectations regarding the Patent Family Size’

Factor 5 - ‘Expectations regarding the high initial investments to start pro-
duction and meet certification requirements’

Factor 6 - ‘Expectations regarding the patent quality in terms of citations’

Factor 7 - ‘Expectations regarding the remaining time of the patent ‘

Technology Transformed into Product: 0,778;
Technology Licensed with Patent: 0,673;
Market Risk: 0,688; and Litigation: 0.628

Economic Relevance: 0,809;
Market Size: 0.656; and
Patenting Strategy: 0.593

Impact of Technology on Industry: 0,889;
Superiority in relation to Substitutes: 0.765; and Number of Claims: 0.531

Size of the Patent Family (Geographic Protection Range): 0.851; and
Formal marketing restrictions: 0,674

Need for High Initial Investment: 0.908;
Requirement of Certifications: 0,840;
Market Acceptance Risk: 0.292.

Number of Citations: 0.735;
Market Trend: 0.584

Deadline for the Patent Expires: 0.899

According to Table 2, the proposed definitions for the factors after
factorial rotation are:

Factor 1: Considering that the variables with the highest factor load
were ‘Technology Transformed into Product’ (0,778) - related to the
distance (or time) necessary for the technology to be ready for com-
mercial application (Jerry G. Thursby et al., 2001) - this factor was
renamed as ‘Expectations regarding the status of technological ma-
turity. In this context, the other variables are support for this factor,
especially when a patent is already licensed, since it indicates a higher
level of maturity (J. G. Thursby & Thursby, 2007) and interaction with
industry (Pojo, 2014); or when a patent is in the process of litigation,
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since it indicates greater value perceived by the litigants (Allison et

al.,, 2003).

Factor 2: Considering that the variables with the highest factor load
were ‘Economic Relevance’ (0.809) - which represents the sales of
the patent in relation to the entire portfolio - and ‘Size of the Mar-
ket’ (0.656) - which represents the expectation of sales -, this factor
was renamed as ‘Expectations regarding the financial return on the
investment. In this context, the other variable, ‘Patenting Strategy,
that indicates whether the patent has the function of conquering new
markets and/or defending an organization’s existing market (Grimal-
di et al., 2015/5), function as support for increased sales expectations.
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Factor 3: Considering that the variables with the greatest factorial
load were ‘Tmpact of Technology in Industry’ (0,889) - which repre-
sents the level of technology innovation, that is, how strong is its
competitive advantage in the segment - and ‘Superiority in Relation
to Substitutes’ (Santiago et al., 2015; B. Wang & Hsieh, 2015/3), this
factor was renamed as ‘Expectations regarding the competitive ad-
vantage of technology in its segment and its superiority in relation to
substitutes’ In this context, the variable ‘Number of Claims’ is support
to increase sales expectations, as the claims reflect the technological
importance of innovation and the number of claims shows that in-
novation has a potential for profitability embodied in it (Grimaldi et
al., 2015/5).

Factor 4: Considering that the variable with the highest factorial load
was ‘Patent Family Size’ (0.851) - which indicates the number and ty-
pes of countries/jurisdictions where the patent is protected (Fischer &
Leidinger, 2014/4; Grimaldi et al., 2015/5) - this factor was renamed
as ‘Expectations regarding the Patent Family Size’ In this context, the
other variable, ‘Formal Marketing Restrictions” is a limiting factor
(Santiago et al., 2015).

Factor 5: Considering that the variables with the greatest factorial
load were ‘Need for High Initial Investment (0.908) and ‘Need for
Certifications’ (0.840) - bottlenecks that reduce the commercial po-
tential of the patent (Santiago et al., 2015) - this factor was renamed
‘Expectations regarding the high initial investments to start produc-
tion and attend certification requirements’ In this context, the other
variable, ‘Market Acceptance Risk; acts as a support to factor, since
the greater the Market Acceptance Risk’ (eg technology without a
defined market) the greater the investment to decrease this risk (Fe-
rreira, 2013).

Factor 6: Considering that the variables with the highest factor load
were ‘Number of Citations’ contained in the patent (Tantiyaswas-
dikul, 2014) or received by other patents (Chen & Chang, 2009), this
factor was renamed as ‘Expectations regarding the quality of patent
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in terms of citations (back and forth)’ In addition, the Patent Citation
variable is one of the 13 variables used in the trend analysis method
of (Gao et al., 2013/3) and helps to estimate the future development of
a technology from the technological life cycle, according to the iden-
tification of the emergent phases, growth, maturity, and saturation of
the technology. For this reason, the other variable - ‘Market Trend” -
functions as a support for this factor.

Factor 7: This factor includes a question related to the marketing
limiter that is the remaining time of exploitation, being critical for
patents with less than 5 years to expire (Santiago et al., 2015). For this
reason, this has been renamed as ‘Expectations regarding the remai-
ning time of the patent’

The factors described in Table 2 were then grouped into a hierarchy
with two sets (Technology x Market). For Wang et al., (2011), the
analysis of the Science and Technology Institutions Portfolio for com-
mercialization purposes is a problem of multiple criteria distributed
in a hierarchical structure that can present by qualitative or quanti-
tative characteristics. For this reason, the following item brings the
analysis of the data through the Analytical Hierarchy Process (AHP).

Step 2 of the research - Analytical Hierarchy Process (AHP)

Determining a precise method for estimating the value of the patent
is like a “Holy Grail” within patent studies and practices. “Several of
the proposed approaches generally fall into one of two categories:
(1) methods of financial assessment, or (2) non-financial valuation
methods” (Torrance & West., 2017, p. 472). The variables are grou-
ped into ‘technological value’ and ‘business value’ (Liu et al., 2014)
and it’s indicates that for the analysis it needs a method for problems
with multi-criteria. Considering that the Analytical Hierarchy Pro-
cess (AHP) is a method of solving a problem with multicriteria con-
taining qualitative and quantitative characteristics (Saaty, 1990), the
paired comparison of the factors in Step 1 generated the matrices in
the graph of figure 1.

Figure 1. Matrices after peer comparison and ranking of relevance

Matrix - Technology dimension

Fator 1
Fator 3

Fator 6

e 8 & & 6 6 &

Matrix - Market dimension

gl NN oo

n; -; ‘!. n: o Eigenvector
42 69%
6,44%
32.02%
18,86%
0,00%
0,00%
0.00%
0,00%
0.00%
0,00%

Adapted of Goepel (2013)
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The Figure 1 (left side) shows that, after adding all the comparisons
in pairs (Factor 1 x Factor 3, Factor 1 x Factor 6, Factor 6 x Factor
3) of all specialists, the result was that Factor 1 has a weight of
25.34%, Factor 3 has a weight of 62.88% and Factor 6 has a weight
of 11.77%.

This means that among the factor from the technology dimension
that more interfere in the value of a patent, Factor 3 is the strongest.
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By adding all the comparisons in pairs (Factor 2 x Factor 4, Factor 2 x
Factor 5, Factor 2 x Factor 7, Factor 4 x Factor 5, Factor 4 x Factor 7,
Factor 5 x Factor 7) from responses of all the specialists, the result was
that Factor 2 has a weight of 42.69%, Factor 4 has a weight of 6.44%,
Factor 5 has a weight of 32.02%, Factor 7 has a weight of 18,86%.
This means that among the factor from the marketing dimension that
interferes in the value of a patent, Factor 2 is the strongest. The hie-
rarchy of all the criteria and their weights that could be made with the
technology and market dimension are expressed in figure 2.

Figure. 2. Hierarchy of all the criteria and their weights

Patent Value
Technology Market
Dimension Dimension
I
Factor 1 Factor 3 Factor 6 Factor 2 Factor 4 Factor 5 Factor 7
25.34% 62.88% 11.77% 42.69% 6.44% 32.02% 18.86%

Subtitle:
Factor 1: Expectations regarding the level of technological maturity.

Factor 3: Expectations regarding the competitive advantage of technology in its segment and its superiority in relation to substitutes.
Factor 6: Expectations regarding patent quality in terms of citations (back and forward).

Factor 2: Expectations regarding the financial return on the investment.

Factor 4: Expectations regarding the patent family size.

Factor 5: Expectations regarding the high initial investments to start production and meet certification requirements.

Factor 7: Expectations regarding the remaining time spent on the patent

In Technology Dimension (Figure 2), factor 3 - Expectations regar-
ding the competitive advantage of technology in its segment and its
superiority in relation to substitutes - is highlighted with 62.88%. This
result proves that the power to generate technological advances, and
consequently technological leadership in a given segment or in seve-
ral segments, is strongly related to the potential of greater financial
returns to academic patent in Brazilian context, confirming indica-
tors of other studies (Santiago et al. al., 2015, Wang and Hsieh 2015).

Technological maturity (Factor 1) is the second most influential in
patent value with 25.34%. Considering that this factor is related to the
time required for the technology to be ready for commercialization,
involving proof of concept, laboratory-scale prototype, and proven
manufacturing (Thursby; Jensen; Thursby, 2001), the explanation can
be found in the study of Liu, Cao and Song (2014) that analyzed the
motivation of the academic inventor/researcher and proved that it, in
general, is to satisfy the academic performance, explaining, thus, both
the factor influence in Brazilian context as the presence of it among
all the indicators of technology already confirmed in the literature.
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In the third position is ‘Expectations regarding patent quality in terms
of citations’ (Factor 6). Despite of many studies support the positive
influence this factor on patent value (Tantiyaswasdikul, 2014; Gri-
maldi, Cricelli, Di Giovanni, & Rogo, 2015/5; Hsieh, 2013/2; Lee &
Sohn, 2016; Suzuki, 2011/9; Harhoff, Scherer, & Vopel, 2003; Chen &
Chang, 2009; Wang, Garcia, Guijarro, & Moya, 2011) it has to obser-
ved in context of patent technological life cycle (Gao et al., 2013/3)
and considering that the number of citations is strictly dependent on
the patent age (citation lag) (Grimaldi et al., 2015/5), it can explain
the 3 third position in the technology dimension.

Yet, given the Market Dimension, “Expectations regarding the fi-
nancial return on investment” (Factor 2) stand out as more relevant
(approximately 43%). This factor has a different combination of indi-
cators obtained by Lee and Sohn (2016) in rentability dimension, and
different from (Grimaldi et al (2015), Wang & Hsieh (2015), but this
is not a question of a current financial return, but of the expectation
of return, since Brazilian academic patents are not generating finan-
cial resources, mostly. The influence in the value is explained because
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one of the main interests of investors, that is, how much they can bill
with the commercialization of new technology or product. The “Ex-
pectations for high initial investments to start production and meet
certification requirements” (Factor 5) correspond to the second most
relevant factor in the market dimension. This result is expected, as
it corresponds to the following questioning of the majority investors
regarding the market dimension, since the initial costs necessary for
such marketing may represent a high risk.

The presence of factor 4 (Expectations regarding the size of the patent
family) demonstrates its importance in patent value studies, but its
low percentage relative to the other market dimension factors shows
the need for its adjustment within the Brazilian and Latin American
context. It is understood that this value indicator may be very relevant
in other patent value models developed in more advanced markets
(Grimaldi et al., 2015; Lee & Sohn, 2016), but it is of little relevance
to separate valuable and non-patent patents of academic patents from
Brazil or other Latin American countries with economic similarities.

It stands out that figure 2 shows a consensus on the most relevant cri-
teria for evaluating academic patents in a Brazilian context. Despite
the experience or knowledge of these professionals, their judgments
may be inconsistent), that is why the AHP that uses the Consistency
Indicator (CI) to measure these discrepancies and the adequate to-
lerance of these inconsistencies (Wang & Hsieh, 2015/3). The Con-
sistency Indicator (CI) of the responses regarding the technology di-
mension factors was 0.5%, with the limit being 5% for matrices with 3
factors - and to factors of the market dimension was 0.8% - is that the
limit is 9% for matrices with 4 factors, thus, the CI of the 2 factors of
the model is consistent.

The worksheet used to generate these results (Goepel, 2013) is limited
to 20 judgments, so when this number was reached, some judgments
were withdrawn and/or replaced, according to the degree of inconsis-
tencies above the limits suggested by the AHP method, when isolated.

The calculation of the CI for each judgment separately is given by the
equation:
CI (Consistency Index) =

nMax-n
n-1

, where nMax = [£], £ ¥, I (aL,j . Weight Lj) = n]/ (n — 1) and n =

The general result shows consistency with respect to the general order
of importance for each group of factors involved (Saaty, 1990) since
the consensus among the specialists was as follows: 75.6% for factors
of the technology dimension and 77.4% for factors of the market di-
mension (Goepel, 2013).

Final considerations

This study used a review of the existing literature to identify 18 cri-
teria (indicators) that may influence the value of academic patents.
These criteria were subject to expert judgment when the influence of
each on the market value of academic patents (Step 1). The reliability
of the data was obtained using Cronbach’s Alpha.

ISSN: 0718-2724. (http://jotmi.org)

J. Technol. Manag. Innov. 2019. Volume 14, Issue 4

From the results of this first step 1, seven factors were extracted by ex-
ploratory factorial analysis and separated between factors of technology
and market factors, similar to previous studies (Santiago et al., 2015). The
Technology group brought together three factors and the ‘Market group
brought together four factors forming a hierarchy. In the second step
of the research, a peer evaluation was made of each factor (technology
factors with technology factors and market factors with market factors).
For this, the AHP was used (a method to solve a problem with multiple
criteria) and thus to define the relative importance (the weights) of each
criterion to reveal the market potential of academic patents.

The prior analysis of a qualitative perspective that separates the most
relevant patents within a portfolio facilitates the valuation process,
although criticisms could be made to this research, concerning the
criteria and the sample. One advantage of this study is that it con-
siders the perspectives of several Technology Transfer (TT) experts,
offering a consensus on the most relevant criteria to an assessment
of the patent. An important contribution is a fact that these criteria
are refined by adjusting value indicators that in the other developed
models (e.g. Asia and Europe) has more relevance, but may not be
useful in separating valuable and non-valuable patents in a portfolio
of academic patents from Brazil or other Latin American countries.

For the decision-makers, the results of this study have positive impli-
cations for the management of Intellectual Property, since Technolo-
gy Transfer Managers in Brazil can use the 7 factors and their weights
identified - based on the existing literature, as well as the opinion of
focus groups patents - to evaluate (identify) patents from the portfo-
lios of Science and Technology Institutions (STI) with greater mar-
ket potential. In addition, decision-makers form these Institutions
through their patent application evaluation boards - can judge whether
or not it is strategic to promote a patent application by their researchers
internally. In this way, instruments for evaluating new applications for
patents in research and innovation institutions could be improved ba-
sed on these factors. Its usefulness would even reach the analysis of re-
search projects for financing purposes, allowing, in a context of scarce
resources in the Science and Technology Institutions, to invest in pro-
jects with the potential to generate more valuable patents.

Specific technology transfer strategic plans can be designed and
structured using the results of this study. For example, a marketing
plan may use the most relevant market factors and technology fac-
tors to better expose the patent to potential customers. Market and
technology potential assessment software can be developed to help
low-income Science and Technology Institutions to separate potential
return patents for institutions that have invested so many resources
in their lab and researchers throughout the development of their in-
ventions.

For future studies, it is suggested to confirm the factors through a
Confirmatory Factor Analysis in Brazil and Latin American coun-
tries, with Science and Technology Institutions with similar patent
productivity. Also, it is suggested to develop a Structural Equation
Model that can serve as a general parameter for Academic Patent
Portfolio Assessments in the same context as this research.
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