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ABSTRACT

During the product development, patents help identify new project opportuni-
ties and, if well analyzed, can reveal technical strategies in terms of how countries, com-
panies, and universities link patents and product development. In the context of the ag-
ricultural machinery sector there is a complexity in the integration of data from patents
with the stages of development conceptions. In this context, the article aims to present
how the information obtained from a patent bank can be used for the development of ag-
ricultural machinery. As a methodology, the Systematic Bibliographic Review was select-
ed to identify and relate strategies that add value throughout the agricultural machinery
project. As a result, research has shown that the use of patent information can assist in
the development of agricultural machinery from technical data. In addition, patents are
characterized as a valuable source of technological information, as it is inexpensive and
capable of feeding a company in its own research activity and in the development of new
products. It is concluded that the information from patents, suggested as strategies in the
model of agricultural machinery development, allows for managerial and technical deci-
sions aimed at improving products. Finally, the research contributed to fill the information
gap between patents and the development of agricultural machinery, a diffusion of data
that, if well connected, can promote a competitive differential in companies.

Keywords: Agricultural Machinery; Product Development; Patents.
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The importance of patent analysis is related to the sta-
tistical, analytical and comparative methods that are used
to examine the information contained in a patent document
and thus is widely applied in research and technological de-
velopment capacity of countries and companies (Pyng et al.,
2012). In addition, patents are necessary to identify tech-
nological trends and thus help tailoring technology develop-
ment planning because they provide a general understand-
ing of the historical development of a product to its present
stage (Kim et al., 2016). It is on the basis of this completeness
that data, information and technological knowledge are usu-
ally obtained or created, developed, accumulated and kept
secret by the companies that own or hold them, and may or
may not be protected by an intellectual property regime (Di
Blasi, 2005; Carrara and Russo, 2017).

According to Choi and Kim (2017), there is largely no un-
derstanding in terms of how patents are used by companies,
although a vast amount of data is available on the number
of patents companies hold or are in the filing process. For
Sichelman (2010), patent policy has a significant responsi-
bility in the relationship between market share and patent
use. The author states that new policies should be devel-
oped to encourage the early patenting and thus facilitate the
expansion of companies in the competitive market. Howev-
er, there is a gap between developing a patent and making
use of patent information that has already been registered
for better identifying strategies in the development of new
technological products (Pereira et al., 2017).

For Livotov (2015), the situation in the planning and ex-
ecution of innovation projects within industrial companies
presents considerable disadvantages, such as the lack of
tools that help in the systematic definition of tasks for inno-
vation in the short term and that compromise the reliability
of market success forecasting with concepts of new prod-
ucts in the initial stages (innovation process). Turner (2018)
states that many innovative products are complex; therefore,
they require multiple complementary inputs that enable the
creation of innovation environments. Thus, a company that
seeks to innovate constantly needs to adapt technologies to
profit from its innovation and may not be sure what adapta-
tions are needed. Despite the best efforts to reduce the risk
of failure, most industrial innovation initiatives offer only in-
cremental improvements compared to products on the mar-
ket (Livotov, 2015). Thus, attempts to incorporate patents in
the development of new products require maturity on the
part of companies so that in the future they will offer signif-
icant competitive advantages (Jou, 2018).

As patents play key roles in protecting the new technol-
ogy or product, the competitive advantage derived from
patenting should reflect company performance (Maresch et

al., 2016; Silveira et al., 2018). Thus, from the use of a Ref-
erenced Model, called by the Agricultural Machinery Model
MR-PDMA, the article identifies forms and activities in the
model for the process of using information from patents in
product design. The research is important because it seeks
to deepen the understanding of information, industrial se-
crecy and know-how, especially with regard to the agricul-
tural machinery sector. More specifically, it seeks to identify
elements that influence the generation of information in de-
sign requirements.

The article was structured in four different sections, in
addition to this introduction. Section 2 presents the over-
view of patents as a source of technological information and
the Reference Model for the Development of Agricultural
Machines. In section 3, we present the methodological ap-
proach that was used in the study. Section 4 presents the
results and their respective discussions. Finally, in Section
5, the conclusions of the research are presented along with
the references, limitations found, and proposals to carry out
future work.

2. THEORETICAL BACKGROUND

Patents as Group of Technological Information

According to Law No. 9,279, enacted in 1996, the patent
is a temporary title to an invention or utility model, granted
by the State, to inventors, authors, natural or legal persons
having rights over creation (De-Carli et al., 2017). In Brazil,
according to Law No. 6,404, of 1976, of Corporations, the
heading “Patent” should be classified in the Balance Sheet,
capitalized as Fixed Assets and, subsequently, have its mon-
etary balance amortized over the term of the right. The pat-
ent is a competitive resource available to organizations, due
to the domination of the monopolistic exploitation of a giv-
en product or production process, a privilege that is capable
of creating or adding value to the wealth of companies and
their partners (Ferreira et al., 2009). It is important to high-
light that companies evaluate intellectual property rights
and the quality of patent documents to develop innovative
products and discover cutting-edge technological trends
(Trappey et al., 2012).

Patent documents and their information have different
purposes, such as: (i) securing intellectual property rights; ii)
being indicators of Science, Technology and Innovation; and
iii) being used as an alternative source of technological in-
formation. As a source of technological information, patent
documents form food channels for the strategic planning of
companies in the pre-product development phase (Front
End) in order to guide top management in their market anal-
ysis and better manage efforts in the product development



phase (Gama et al., 2016). Another methodology adopted
by companies that need technical patent data to avoid stra-
tegic and inventive problems is the Invention Problem Solv-
ing Theory (Maleski and Rovai, 2015).

Other advantages are related to the coverage of all tech-
nological fields; access to complete documents that are cen-
tralized in national or regional patent offices, by electronic
means; in the indexing of documents through the Interna-
tional Patent Classification (IPC), which facilitates the re-
trieval of information; internationally standardized format,
by means of a standardized configuration of a set of struc-
tured data in specific numbered fields; and describing the
content sufficiently so that a person skilled in the art area of
the invention can reproduce it (Mayerhoff, 2007). From the
information contained in patent documents it is possible to
identify different mechanisms that encourage the develop-
ment of technologies (De-Carli et al., 2017). Table 1 presents
11 conditions that are possible to achieve with patent infor-
mation.

Table 1. Different mechanisms for the use of patents

Element Description of the Mechanism
1 The state of the art, where the stage of development

of a certain technology is verified.
) Emerging technologies, technology trends, patenting

trends, and potential strategic areas of research.
Existing and available technologies for solving a

3 specific technological problem as well as alternative

technologies.

Opportunity to create new products and processes
and to improve existing products and processes.
Technologies already developed in order to avoid

5 duplicity of work and wasted investments in research

and development (P&D).

Technologies protected to avoid infringement of

industrial property rights.

When a technology falls into the public domain

7 allowing it to be exploited without the need for

licensing and royalty payments.

Countries where a technology is not protected and
8 can be exploited freely without infringing the rights
of third parties.

Skills in a given technological field and possibilities of

9 .
partnerships.
10 Market niches, competition movements and players
in a given technological field.
Holders of patent rights for the purpose of licens-
11 ing, patent portfolio and technological strategies of

companies.
Source: Machado et al. (2017).

Note that the patent document is the primary source of
technological information, which allows knowing new tech-
nologies and innovations for the Product Development ef-
ficiently (Maleski and Rovai, 2015). Patent documentation

Brazilian Journal of Operations & Production Management
Volume 15, Nimero 4, 2018, pp. 535-544
DOI: 10.14488/BJOPM.2018.v15.n4.a7

-y
i
=7 |

must be deposited in the patent offices of the countries
where protection is sought. Moreover, it is up to the com-
pany to plan in which countries it will grant protection, and
the reasons derive from the potentiality of the market, i.e.
the company will tend to protect its products and processes
in the markets that are relevant, according to its strategies
and economic viability to those countries in which it has
commercial relation. After the period of secrecy, which cor-
responds to 18 months, the documents are published and
made available for consultation (Teixeira and Souza, 2013).
Companies that fail to process patent information or do not
protect their innovations by filing patents lose market com-
petitiveness (Trappey et al., 2012; Jeong and Yoon, 2015).

Given the importance of technical knowledge for the com-
pany’s competitiveness, the protection of property rights is
essential to increase the share of profits resulting from tech-
nological efforts in highly competitive markets (Pereira and
Vasconcellos, 2014). Thus, it is noted that the patent occu-
pying a prominent position is one of the different forms and
tools used to protect property rights (Duflou and Verhaegen,
2011). However, using the industrial property system as a
competitive intelligence that promotes a business environ-
ment conducive to innovation is a complex task and requires
integration among all stakeholders of companies to leverage
the technological development of their products (Barroso et
al., 2009).

Process of Development of Agricultural Machinery

The product development consists in the accomplish-
ment of a series of tasks, which are characterized by starting
in the detection of the business opportunity in the strategic
planning, until the launch on target audience (Lizarelli and
Toledo, 2016; Silva and Romano, 2016; Silveira et al., 2018).
Considering that business practice is usually the result of the
characteristics and constraints of the industrial context, it is
known that the implementation of improvements is not al-
ways an easy task, especially in relation to processes that are
often practiced informally (Marini and Romano, 2007; Silvei-
ra et al., 2018). For Vernadat (1996), the migration path from
the current process to the improved process must begin
with questions that need to be answered, including topics
related to company strategy, business process reengineer-
ing, change management, acquisition knowledge, the design
process, and the integration of processes and sub processes.

Figure 1 illustrates the migration path described above,
highlighting the role of models in enhancing the product de-
velopment. According to Vernadat (1996), a model can be
used as the basis (ideal model) for the proposal for the for-
mation of other models (Silveira et al., 2017). The modeling
of the PDP results in its formalization, that is, in the descrip-
tion of its phases, activities, responsibilities, available re-



Brazilian Journal of Operations & Production Management
Volume 15, Namero 4, 2018, pp. 535-544
DOI: 10.14488/BJOPM.2018.v15.n4.a7

BJ|

sources, and necessary and/or generated information, pro-
moting the construction of a single shared vision that serves
as a common reference for the communication among those
listed in the development, allowing better teamwork and
management.

From the management it is obtained a structured plan-
ning that provides the necessary support to product de-
velopment and simultaneous engineering, such as how to
perform the work among the multiple disciplines involved,
integrating product design and manufacturing plan design,
reducing time and product cost, and better meeting the ex-
pectations of customers (Echeveste et al., 2017; Silveira et
al., 2018). The Agricultural Machinery Model was developed
with the proposal of structuring the knowledge about prod-
uct development, providing support for the understanding
of the flow and practice and contributing to the companies
in the sector to carry out a more formal and systematic de-
velopment, integrated with other business processes, with
suppliers in the supply chain and with final customers (Ber-
gamo and Romano, 2016).

The model is decomposed into three macrophases: plan-
ning, project, and validation (Romano, 2013; Silveira et al.,
2018). The first macrophase is called “project planning”
phase. It involves the delivery of a complete project plan.
Subsequently, the following step is the delivery of a sequence
of various technical plans relating to specifications, concepts,
and plans for the manufacture of the agricultural machine. In
the step of the validation the production of the agricultural
machinery is structured. It is decomposed into three phases
called “production preparation”, “launch” and “validation”.
The main results of each phase include, respectively, product
release, initial batch release and project validation (Romano,
2013). Figure 2 shows the graphical structure of the macro-
phases and their subdivision into four phases. The develop-
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ment context to reach the objectives of cost, term and man-
ufacturability provides important competitive advantages for
the organizations in the context of the companies of agricul-
tural machinery (Romano et al., 2005).

In general, the practices mentioned in the application of
information derived from patents are directly connected to
the Informational Design phase. This phase is characterized
to collect and analyze a set of information that specifies the
product with the greatest clarity in order to guide the gener-
ation of future project solutions (Romano, 2013). Designing
is the second macrophase of the model that begins with the
informational design, which is intended to specific the agri-
cultural machines and components and to consolidate the
requirements of the customers, from information of sourc-
es, such as suppliers, competitors, patents, among others;
and unfold them in design specifications. Once the execu-
tion of the project plan is started, several tasks are carried
out to structure the influence factors (agronomic, mechan-
ical and other specific knowledge - electronics, hydraulics,
etc.) (Romano et al., 2005; Silveira et al., 2018). In parallel,
marketing planning is continued as the market is monitored
to identify variations that may influence the determination
of project specifications.

To organize the technical information, the requirements
of the customers and/or users are first identified, and these
are deployed to the customers’ requirements. From the de-
fined customers’ requirements, different attributes are con-
sidered: functional, ergonomic, safety, reliability, modularity,
aesthetic, legal, among others. The next step is to compare
specifications of the agricultural machines available in the
other organizations, in order to allow the evaluation of the
fulfillment of the requirements of the customers and of the
design. Figure 3 shows the PDMA Information Design phase
and its respective subphases.

Figure 1. Migration path for PDMA improvement
Source: Adapted from Vernadat (1996).
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Figure 2. Processes, macrophases, phases,
and outputs of the MR-PDMA
Source: Adapted from Romano (2013).

From the requirements derive the project specifications
that must be met by the agricultural machinery to be de-
signed (Bergamo and Romano, 2016). With the possession
of the specifications, the following is determined: factors of
influence in the manufacture plan; the strategy for involving
component suppliers; safety information on the life cycle;
the goals of dependability; and the target cost of the ma-
chine (Romano et al., 2005). Prior to the approval of project
specifications, they are assessed for project scope (Romano,
2013; Silveira et al., 2018).

3. METHODOLOGY

To reach the objective proposed, it was necessary to de-
limit it in two stages. Initially, a horizontal scan was made on
the literature relevant to the subject of the research and re-
lated issues (process of product development and patents),
which assisted in the elaboration of a qualitative approach
research. Subsequently, a vertical scan was performed to
prospect into the articles with scope in the object of the ar-
ticle. The method selected was the Systematic Bibliographic
Review (RBS) with recommendation of PRISMA (Main Items
for Reporting Systematic Reviews and Meta-analyzes) (Mo-
her et al., 2009; Conforto et al., 2011). In the horizontal scan,
three questions were drawn: (1) Define the objective and
the research questions; (2) Select keywords and databases;
(3) Identify and analyze relevant articles, including the refer-
ence model.

The vertical scan had as its objectives: Q1. What are the
most commonly used terms in PDMA? Q2. Can the informa-
tional design phase be used to list information from patents?

Q3. What are the facilitators, motivations and barriers asso-
ciated with generating patent information in the context of
agricultural machine?

Considering the questions, we proceeded to the step of
selecting the keywords and the databases. As a database,
Science Direct and ISI Web of Science were selected because
of the scope they have in academic research. The following
keywords and symbols and Boolean operators were used as
the starting point: “agricultural machinery OR product OR
product development AND industrial property OR patent OR
competitive strategy”.

The refinement of the research considered all the years
available in the base and adopted the criteria of language
(English) and types of documents (article/review). For each
article resulting from the search, verification was made to
ensure its relevance to the domain of this study and, with the
application of the initial filters, 143 articles were identified
to be read and analyzed. Considering the searches focused
in the selected databases, the research reference points
were defined. These reference points compose the synthesis
set elaborated on patents and PDMA. A deep analysis of the
titles and abstracts was made, extracting 98 articles of the
total sample. Subsequently, the reading of the introduction
and conclusion was made, and 30 papers were respectively
excluded. Thus, 15 articles were used as research material,
and they were selected because they contain more details
between patents and product development. The RBS meth-
odological flow of the research is shown in Figure 4.
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Figure 3. Flow of activities/documents
of the informational design phase

Source: Adapted from Romano (2013).

Subsequently, the articles from the literature were an-
alyzed, and a synthesis of each one was made, presenting
the main characteristics of each one, exposing the verti-
cal sweep and the management model of development.
After the literature scans were completed, in the second
stage, an exploratory research was adopted using the the-
oretical-conceptual method, using a machine development
structure proposed by Romano et al. (2005), aiming to
answer the unfolding of the central question of the rela-
tionship between patent and agricultural machinery. A rel-
evant point is the focus to integrate the scientific patent
method with the principles of the agricultural machinery
development process.

4. RESULTS AND DISCUSSIONS

For the presentation of the results of the research, a struc-
ture that begins with the consolidation of the main findings
of the forms of interaction between patent information and
PDMA in elements of exemplifying textual description was
chosen, in order to improve the visualizations of the most
important aspects of each approach. Afterwards, analyzes
are carried out in the development of agricultural machin-
ery, to reflect on the tasks and their allocations in the corre-
sponding phases of the process of development of agricul-
tural machines. It is believed that, in this way, the reading
and understanding of the results will be facilitated.
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Figure 4. Flow of information with the different phases of RBS

Source: Adapted from Kahmann et al. (2014). Table 2 provides a
useful classification by which PDP can be examined in agri-
cultural machines and the developments of this work. This
relationship recognizes the considerably different manage-
ment challenges for the company if it wants to involve the
patent in MR-PDMA as a source of technological informa-
tion. In short, the interaction between patent and MR-PD-
MA implies proximity between company and technological
information. Such a connection increases the chances of
success of PDP in agricultural machinery when channeled to
the resolution of problems to be addressed through a solu-
tion based on new technologies for readjustments and feed-
back throughout the informational project.

As patent and MR-PDMA information interact, the com-
pany reduces its risks and increases its chances of increas-
ing new capabilities, both managerial and technical. As to
the detail of the tasks, it is valid to emphasize the unpre-
tentiousness of this article in a short space to identify the
whole universe that contributes to the adoption or exploita-
tion of patent information. These tasks, mentioned in Table
2, aim to follow up the theoretical propositions and open
new avenues of research. Therefore, brief comments have
been made.

According to Table 2, the information coming from the
analysis of patents has great flexibility of use. Thus, it has
been adapted for several purposes and the MR-PDMA pat-
ent framework has the following structure:

a) PDMA Phase: The first layer is related to the prod-
uct development model that the organization uses
to deliver a tangible result of its production process,
along with the factors that influence such phase de-

541

liveries, such as the technical specifications of the
product.
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b) Activity in the PDMA: this search will map, in more
detail, what information comes from patents that
should compose each aspect of the model, through
which the deliveries listed in the first layer can be
reached.

c) Suggested tasks: the third layer has the scope of op-
erationally listing the technological resources that
must be used to develop mechanisms for delivering
technological solutions or objectives (know-how ap-
proach). Note that for the correct execution of the
tasks, the organization needs a body of professionals
with market and business skills, Big Data, including
professional skills in prospecting and analysis of pat-
ents and articles, and technological surveillance and
foresight.

By analyzing Table 2, companies need to systematically
and strategically review their intellectual property-relat-
ed product development activities, involving, among other
things, the meaning of the tangible and intangible assets that
support the alignment of information derived from such, as
legal aspects of patent contracts, talent management for
intellectual property, indicators created by competitive in-
telligence, management of partnerships with partners and
registration offices, etc. This systematic evaluation aims to
reduce costs, optimize research efforts in the P&D industry,
as well as maximize the productivity associated with the
portfolio of patent bases.

In addition to the tasks developed as reported in Table 2,
the organization must accredit actions and improvements to
be incorporated into the PDMA. Some of the suggested im-
provements indicated in task points of the company’s PDMA
flow chart should be introduced, as follows:

a) To carry out regular training for the members of the
area of product engineering and manufacturing,
dealing with: innovation concepts; technical mecha-
nisms to be used in the PDMA phases; technological
prospecting; patents, addressing their types, validity,
and requirements.

It has the purpose of dynamizing the knowledge of the
organization to corroborate for constructive solutions, in-
creasing the possibility of patentable concepts. Moreover, the
training and qualification of these professionals must interact
with national and international initiatives. Short and medium
term courses and distance education are some of the strate-
gies that can be adopted. They must also implement multi-
professional and interdisciplinary programs that comply with
the guidelines recommended by the intellectual property.
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Table 2. The role of patent information in the PDMA

Design Phase

PDMA Phase PDMA Activity Suggested Tasks
i) present more recent information in the agricultural sector, to update state-of-the-art
knowledge; ii) the set of documents in the agricultural sector from several countries
Informational Influence Factors in indicates the tendencies of ramification of the development of the PDP area; iii) the use of

the Project

technology is not protected and can be exploited freely without infringing the rights of third
parties; and iv) make the product more credible in order to contribute to creating value for
the customer and the company.

Informational
Design Phase

Design Requirements

i) indicate state-of-the-art evolution and point out R&D paths, to which resource efforts can
be directed; ii) in technology transfer, the knowledge of patents allows identifying technical
alternatives, as well as of companies qualified in the considered technological sector; and
iii) to protect investment in new technologies, to guarantee profitability superior to the
capital employed in the use of previously used technologies.

Analysis of Machines
Available in the
Market

i) Obtain the priority and concession dates of the patent license, its author, its holder, etc.,
allowing verifying if the patent is still in force, and allowing a direct contact for the licensing
of the innovation or, alternatively, to obtain know-how.

Safety Information

i) Obtain information on the practical application of the patent in the industry by describing
the specification, diagrams, and drawings.

Evaluation of Specifi-
cations

i) Obtain technical information in advance from other sources, since the patent is available
before the product is on the market.

Source: Authors (2018).

b) Technically instruct management and legal levels in
filing a patent application as a copyright inhibitor by
competition.

Its purpose is to encourage the filing of patents of innova-
tive products or significantly improved by the organization,
using judicial and extrajudicial suits. Considering the legal
aspects, intellectual property is a branch of Law and con-
templates national and international standards, aiming to
assure the individual the full use of their inventions, from
an industrial and commercial point of view, and, at the same
time, to protect these inventions from the action of third
parties.

c) To propose visual and three-dimensional techniques
for functional modeling of the concept of the prod-
uct to be proposed, being able to use the FAST meth-
od to define, analyze, and understand the functions
of the product and the relation between them.

Its purpose is to make the product development team
aware of the visual formalization of technical solutions for
the prospective customer requirements.

5. CONCLUSION

The analyzed theme, that is, the use of patents as a source
of technological information in the process of development
of agricultural machines, denotes a competitive advantage
with the competition. In addition, the research demonstrat-
ed the various advantages afforded using intellectual prop-

erty rights protection for the agricultural machinery sector.
By focusing on the general analysis of the tasks to be devel-
oped along the reference model in the PDMA and confin-
ing to the context of the informational project, the research
brought some evidence on which motivating factors and in-
hibitors should be observed in order to use the patent as
technological information.

Itis understood that such patenting tasks can even induce
or stimulate industries in the agricultural sector to exploit
the technical knowledge contained in patents obtained by
third parties as a valuable source of technological informa-
tion, low cost, and which is capable of feeding a company on
its own research and development of new products and pro-
cesses. However, the isolated reading of a patent will never
bring the enlightenment desired by the information profes-
sional. One should keep in mind a strategy of electronic ma-
nipulation of data in patent collections to extract relevant
and consistent information. In this perspective, many uni-
versities and research institutions are exercising their role
in national development policy, through the application of
appropriate knowledge in their faculty, and students due to
the needs of access to this knowledge by the private sector,
of the government, setting up the Three-Propeller Theory.

In the MR-PDMA model, it is observed that the company
that has a formal systematization of product development
combined with efficient information capture and influence
factors will be able to obtain a competitive advantage, be-
ing provided to companies with high degree of technology
and innovation, whether obtained at their own expense
or through partnerships with universities. Finally, it is im-



portant to prioritize the protection of intellectual property
rights, since intangible assets are also considered as indica-
tors of technological innovation because they constitute a
differential that contributes to the competitive advantage.

It was observed that, in general, the advantages of us-
ing patent information are the generation of opportunities
to expand the possibilities of proposing new concepts of
agricultural machinery, including technologies that comply
with the precepts of Industry 4.0 and autonomous vehicles,
aiming at expanding business markets by building effective
partnerships, valuing the reputational capital of companies
and the systematic monitoring of competitors.

For future research, further studies are suggested to
verify the operational interaction between the MR-PDMA
and the economic and technical advantages resulting from
these actions for the various business segments, both the
R&D sector and in the management part strategy. It is also
regarded as relevant the investigation of the perspectives of
the various actors that are members of the value stream of
the adopting company, structuring the systematization of
lessons learned throughout project management. A com-
parison between the MR-PDMA patent proposals focused
on the four dimensions proposed by the Oslo Manual (2005)
is also suggested. They are: product/service innovation, pro-
cess innovation, marketing innovation, and organizational
innovation. In this context, the articulation and coordination
of actions between the various research institutions and ac-
tors that compose the business system, together with the
strategies and policies of organizational patentability, stand
out.
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