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Abstract
PURPOSE: To analyze the frequency of innovation generation, measured by the total number of patents and associated factors,
including patent licensing in graduate programs in pharmaceutical sciences (GPPS) in Brazil. This research is justified by the need
to understand the gap between the country’s high scientific output and the limited conversion of this knowledge into technological
innovation. METHODOLOGY: A cross-sectional documentary study was conducted based on data from 69 GPPS registered
on the Sucupira Platform of the Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) in 2024, representing
100% of the programs in this field in Brazil. Information on the scientific and technical production of researchers was collected
from the Lattes Platform for the period 2014 to 2024, while data on the GPPS were obtained from the Sucupira Platform.
FINDINGS: Most GPPS (40.6%) are located in the Southeast region of the country, and 68.1% did not license patents. Multiple
linear regression was associated with 53.78% of the variability in the number of patents, identifying completed postdoctoral
research, undergraduate research supervision, and the Municipal Human Development Index (MHDI) as significant predictors.
The multiple correspondence analysis showed an association between patent licensing and higher scientific production, a greater
number of faculty members, postdoctoral supervisions, GPPS offering both master’s and doctoral degrees, higher program quality,
longer existence, and location in municipalities with higher MHDI. IMPLICATIONS: The results indicate that technological
innovation in graduate programs depends on institutional maturity and territorial context. Additionally, they support
strengthening National Technology Transfer Offices (NITs), incorporating innovation-related indicators into the evaluation of
graduate programs, promoting university-industry collaboration, and adopting region-sensitive innovation policies to reduce
territorial inequalities. ORIGINALITY & VALUE: This is the first Brazilian study to map the institutional and regional factors
associated with technological innovation in GPPS within the country. Its results also contribute to the international literature on
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innovation system perspectives in middle-income countries, offering contributions applicable to regions facing similar challenges
in translating academic research into technological and social transformation.
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education, academic patenting, patent licensing, pharmaceutical sciences, graduate programs, research commercialization,
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INTRODUCTION

In the current context of economic globalization, characterized by rapid transformations in markets and organizational
structures, technological knowledge and the capacity to innovate emerge as fundamental strategic resources for economic
and social development (Kamia & Vargas, 2023). The dissemination of innovations, especially in the health sector, is
driven by basic research and scientific and technological infrastructure, leading to the development of new drugs, medical
devices, and therapeutic solutions (Silva et al., 2024).

The capacity to innovate has become a crucial competitive differentiator for nations, organizations, and academic
institutions in a world increasingly shaped by the knowledge economy. Although Brazil ranks among the largest producers
of scientific knowledge worldwide (14™), its position in the 2025 Global Innovation Index falls short of expectations,
ranking 52" (WIPO, 2025). This disparity highlights a gap between academic production and its practical application,
including in the field of pharmaceutical sciences. In this sense, despite a solid foundation in pharmacology and biomedical
sciences, the conversion of knowledge into technological innovation, such as new drugs, patents, and start-ups, remains
limited compared to leading innovation countries (Fernandes et al., 2023).

Pharmaceutical innovation in Brazil is predominantly driven by universities and research centers; however,
transforming knowledge into products requires effective coordination among universities, industry, and government,
as proposed by the Triple Helix model (Viana et al., 2018). However, regulatory challenges, limited funding, inadequate
infrastructure, dependence on imported inputs, and an academic culture still insufficiently oriented toward innovation
hinder this process (Couto et al., 2016; Paranhos et al., 2019; Ruas et al., 2025).

With the purpose of overcoming these barriers, Brazil has implemented legal frameworks, such as the Legal Framework
for Science, Technology, and Innovation, comprising Parliamentary Amendment No. 85 (2015), Law No. 13,243/2016,
and Decree No. 9,283, which aim to promote applied research, enhance intellectual property, strengthen public-private
partnerships, and establish strategic alliances among the actors of the Triple Helix (Brazil, 2015, 2018). Despite these
regulatory advances, their implementation faces practical challenges, limiting the effectiveness of the Technological
Innovation Centers (NITs) and the Scientific and Technological Institutions (ICTs) (Brazil, 2022a, Brazil 2024a).

The generation of scientific knowledge in Brazil remains concentrated in stricto sensu graduate programs, evaluated
by the Coordination for the Improvement of Coordenagiao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES),
established in the 1950s with the aim of strengthening the training of highly qualified human resources (Nunes et
al., 2010). Since the formalization of master’s and doctoral courses in the 1960s, the country has made significant progress
in consolidating its scientific production and strengthening its presence on the international stage (Brazil, 2020; De Sa
Barreto etal., 2014; Dotta & Neves, 2015; McManus et al., 2023). Despite this, such growth has not translated proportionally
into the generation of technological assets and innovative processes, particularly in the field of pharmaceutical sciences
(Scavuzzi et al., 2023).

The gap between academic production and innovation is attributed, among other factors, to limited interaction
between universities and the productive sector, leading to research that is often misaligned with market demands (Vidal &
Fukushima, 2021). A study conducted by Casagrande et al. (2023) reinforces the need for incentive policies that promote
an entrepreneurial culture in universities and strengthen public-private partnerships (Casagrande et al., 2022). Although
the country has expanded its scientific production in recent decades, the conversion of this knowledge into technological
assets and market innovations remains incipient, particularly in strategic sectors such as the pharmaceutical industry,
which has historically been characterized by external dependence and limited productive autonomy (Castro et al., 2021).

According to Fernandes and collaborators (2023), the consolidation of a National Innovation System requires closer
integration between scientific production and the demands of the business sector, especially in areas such as health and
biotechnology. This alignment is essential for academic research results to be converted into technological solutions with
social and economic impact (Fernandes et al., 2023). It is worth noting that studies systematically analyzing the profile
of graduate programs in pharmaceutical sciences (GPPS) and their capacity to contribute to technological development
are scarce.
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Although there are already published studies that have addressed scientific productivity and innovation indicators
separately, there is still an analytical gap related to the integrated assessment of institutional characteristics, academic
production, and territorial development in the nexus between patent generation and licensing within graduate programs
in pharmaceutical sciences (GPPS), especially in middle-income countries like Brazil (Jesus et al., 2023; Reis et al., 2025;
Soares et al., 2020).

In this context, this study seeks to answer the following guiding question: “What institutional, academic, and territorial
factors are associated with the generation of innovation, measured by total number of patents and patent licensing, in
Brazilian GPPS?”. In view of this scenario, this study aimed to analyze the frequency of innovation generation and the
factors associated with innovation within GPPS in Brazil.

This article is structured as follows: the next section presents the literature review, outlining the theoretical
framework on innovation systems, graduate education, and pharmaceutical innovation. The subsequent section describes
the methodological procedures and data sources. The results section presents the descriptive and multivariate analyses.
Finally, the discussion contextualizes the findings in light of the literature; the final section highlights the main outcomes,
implications, and limitations of the study.

LITERATURE REVIEW

In 1965, in response to a request from the Minister of Education and Culture, Raymundo Moniz de Aragao, the Federal
Council of Education (CFE) initiated the process of regulating graduate education in Brazil, as provided for in the 1961
Law of Guidelines and Bases of National Education (Brazil, 1961; Brazil, 1965). Opinion 977, led by Newton Sucupira
with the participation of intellectuals such as Alceu Amoroso Lima and Anisio Teixeira, established the structural
foundation for stricto sensu graduate education in the country. Inspired by the U.S. model, this opinion aimed to address
deficiencies in teacher training and qualification for scientific production, reflecting Brazil’s educational dependence
on more developed countries, as well as promoting an elitist and hierarchical vision of higher education (Brazil, 1965;
Shigunov Neto et al., 2021).

The implementation of graduate education in Brazil was marked by strong centralization of resources and development
in centers of excellence located primarily in the Southeast, South, and Federal District, as determined by the National Policy
of Regional Graduate Centers. This resulted in regional inequalities in access and knowledge production, with support
concentrated in certain institutions. These inequalities persisted until the late 1980s, when affirmative action policies began
to transform the landscape, allowing for greater inclusion and epistemic diversity (Nazareno & Herbetta, 2020).

The National Graduate System (SNPG) in Brazil represents one of the fundamental pillars for the country’s scientific
and technological development. Established and coordinated by CAPES, the SNPG is responsible for supervising,
evaluating, and supporting master’s and doctoral programs in higher education institutions (Brazil, 2024c).

Although the evaluation of graduate programs in Brazil is considered robust and internationally recognized, it faces
criticism due to its rigidity, excessive focus on research, and limited emphasis on diversity and social impact. This evaluation
is carried out mainly by CAPES and occurs in four-year cycles (quadrennial evaluation), encompassing Brazilian master’s
and doctoral programs (stricto sensu) (Brazil, 2022b; McManus et al., 2022). As evaluation criteria, scientific production
(publications, Qualis journal - a system classifying scientific journals into categories A1-A4, B1-B4, and C), training of
master’s and doctoral students, social engagement, internationalization, infrastructure, and institutional self-assessment
are considered. Scores from 1 to 7 are assigned to graduate programs, and those receiving a score below 3 may face
program deaccreditation. However, scores between 6 and 7 indicate national and international excellence (Brazil, 2022b;
Castro & Oliveira Filho, 2022; McManus et al., 2022).

The document “National Indicators of Science, Technology, and Innovation 2022, prepared by the Ministry of Science,
Technology, and Innovation (MCTI), highlights the need to improve Brazil’s research and development ecosystem as
a strategy to elevate the country’s position in global innovation rankings. The most recent data, covering the period up to
2021, indicate a contraction of 8.2% in total investment in research and development between 2019 and 2020, decreasing
from R$ 95.3 billion to R$ 87.1 billion. In relation to the Gross Domestic Product (GDP), the proportion invested in
research and development fell from 1.21% to 1.14%. Although public expenditure grew slightly, the situation reflects
a mismatch between national efforts and the need to consolidate a robust scientific and technological base. Even though
other economies, such as the United States, have also experienced recent fluctuations in investment, these nations maintain
historically higher levels of infrastructure and funding, giving them a comparative advantage in innovation (Brazil, 2022a).
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The pillar of innovation is expressed through processes that include idea management, project development,
dissemination of scientific knowledge, and administration of different types of intellectual property (Souza et al., 2020).
The concept of innovation emphasizes the crucial role of universities in generating cutting-edge scientific and technological
knowledge and in contributing to socioeconomic advancement (Bazan et al., 2012). Therefore, improving scientific and
technological research, increasing investments in infrastructure, exploring new forms of incentives and funding, training
qualified human resources, and adopting research models oriented toward innovation are fundamental strategies to
address existing challenges (Sousa & Braga, 2023).

From an analytical perspective, technology transfer and innovation processes can be interpreted through the lens of
the Absorptive Capacity Theory, proposed by Cohen and Levinthal (1990). Absorptive capacity relates to an organization’s
ability to recognize the value of external knowledge, assimilate it, and apply it for economic or social purposes (Cohen
& Levinthal, 1990). Applying this concept to graduate programs, this capacity is shaped by institutional maturity, the
accumulation of scientific experience, and qualified human capital. For this reason, patent generation and licensing should
not be understood as isolated results, but rather as part of broader institutional and academic capabilities (Aldieri et al.,
2018; Kato, 2020; Martinkenaite & Breunig, 2016; Todorova & Durisin, 2007).

Graduate education in pharmaceutical sciences in Brazil has played a fundamental role in advancing health research,
contributing significantly to areas such as drug development, biotechnology, and clinical pharmacy. These areas attract
students and professionals committed to scientific and technological innovation, with direct impacts on public health and
the pharmaceutical sector (Gerenutti et al., 2009; Leite & Galdino, 2013).

The field of pharmaceutical sciences has been the setting for significant advances, particularly in pharmacogenetics,
new drug discovery, and biological therapies. The growing collaboration among academic institutions, industry, and
international research centers has driven technology transfer and knowledge exchange, strengthening the global presence
of Brazilian scientific production (Tigre et al., 2016).

The initial milestone of stricto sensu graduate education in pharmaceutical sciences in Brazil occurred in 1965, with
the formalization of an institutional structure for academic qualification and program accreditation by CAPES. However,
it was during the 1970s and 1980s that master’s and doctoral programs began to consolidate in public universities,
particularly in federal and state institutions, reflecting a gradual maturation of the field (Velloso, 2014).

Multi- and interdisciplinarity are intrinsic to the field of pharmacy, given the complexity of drug and medication
development, which requires diverse approaches and strategies, as well as consideration of public policies for the acquisition
and use of medicines. The 2017 quadrennial evaluation (reference year 2016) revealed that approximately 75% of faculty
had training in various major knowledge areas, with emphasis on pharmacy (24.2%), chemistry (15.5%), pharmacology
(8.7%), and biochemistry (7.1%). This diversity is reflected in faculty members’ participation as permanent staff in other
graduate programs, which is significantly higher than the SNPG average: 37.9% are involved in an additional program and
17.2% in two programs (Brazil, 2019).

The intellectual output of the field, published in journals across various subject categories, reflects its multidisciplinarity.
Analysis of the ten most frequently used scientific journals by faculty in the last quadrennial demonstrates the breadth
of scientific production, spanning multiple areas of knowledge as defined by both the Web of Science and Scopus
classifications. This diversity in training and activities highlights the interdisciplinary and multifaceted nature of research
and development in pharmacy (Carvalho & Real, 2021).

International literature on academic patenting indicates that technological innovation outcomes are influenced by
a combination of individual, institutional, and territorial factors (Chdvez-Bustamante et al., 2024; Messeni Petruzzelli
& Murgia, 2023; Moletta & Pilatti, 2025; Riicker Schaeffer et al., 2018; Wolszczak-Derlacz, 2025). This includes research
productivity, faculty size, graduate student supervision, availability of technology transfer offices, and proximity to
innovation ecosystems. In this sense, these findings reinforce the relevance of analyzing graduate programs as institutional
environments that foster harmony among knowledge production, scientific training, and innovation (Ryazanova &
Jaskiene, 2022; Shakasimov, 2025; Zarea et al., 2025).

The National Policy for Science, Technology, and Innovation in Health (PNCTIS), established in 2004 in Brazil,
emerged in response to increasing pressure from technology industries for the integration of innovations into the health
system at both national and international levels. It is estimated that the incorporation of new technologies accounts for
approximately one-third of the growth in health expenditures relative to the Gross Domestic Product (GDP), posing
significant challenges to the sustainability of health systems, particularly in low- and middle-income countries with
universal coverage, such as Brazil (Oliveira, 2016).
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In the global context, health innovation development is predominantly concentrated in oligopolistic markets, where
corporations invest heavily in research and development to maintain competitiveness through technological innovation.
These companies, by protecting their discoveries through patents, often impose monopolistic prices that are frequently
disconnected from actual production costs (Garthwaite, 2025).

In developing countries, demand plays a central role in guiding innovation. Thus, the legal framework and
organizational structure of health systems become key elements for directing technological innovation toward social
interests; however, market-driven trends can alternatively exacerbate inequalities in access. In this context, the sustainable
management of health systems emerges as a global challenge, with particular emphasis on countries like Brazil, where it is
imperative to ensure universal and comprehensive access by coordinating sectoral policies capable of meeting the needs
of a large and heterogeneous population (Htay et al., 2021; Ogugua et al., 2024).

Innovation should be understood as a multidimensional phenomenon encompassing radical, original innovations as
well as incremental, adaptive, and process-oriented ones. In this sense, it indicates that they are highly relevant in developing
economic contexts (Edwards-Schachter, 2018; Tiberius et al., 2021). In our study, patent generation and licensing are
adopted as analytical indicators of technological innovation, since they represent formalized and comparable results of
scientific activity with a perspective of economic and social improvement, thus avoiding a restrictive conceptualization of
innovation (Capponi et al., 2022; Wittfoth et al., 2022).

Contemporary academic research, in turn, has emphasized the importance of aligning scientific production with
social demands, arguing that research should be designed with practical application in mind. The effective use of scientific
results is fundamental to converting knowledge into actions that promote tangible improvements in public health. In this
regard, the World Health Organization (WHO) defines health innovation as the development of policies and practices
that expand the quality and reach of health care, including preventive, promotional, therapeutic, and care-related actions.
Abelson et al. (2016) and Scavuzzi et al. (2023) reinforce this perspective, stating that scientific evidence is essential for
generating new knowledge and should guide decisions and practices in the health field, favoring the effective application
of knowledge (Abelson et al., 2016; Scavuzzi et al., 2023).

The Triple Helix concept proposes a model of collaboration among the three sectors of government, universities/
research institutions, and industry, to promote innovation and economic and social development in a given region. In
this context, each sector plays an essential and distinct role in driving innovation and the growth of a knowledge-based
economy (Rizzi et al., 2018).

According to Etzkowitz & Zhou (2017), the Triple Helix is internationally recognized as a guide for policies and
practices at the local, regional, national, and multinational levels. It provides an effective methodology for analyzing
local strengths and weaknesses and identifying gaps in interactions among universities, industries, and governments to
formulate successful innovation strategies (Etzkowitz & Zhou, 2017).

The Triple Helix concept is oriented toward continuous development, aiming to create an ecosystem of innovation
and entrepreneurship. The interaction among the three main actors - government, universities, and industries - fosters the
formation of new secondary institutions, known as hybrid organizations. Although an innovation and entrepreneurship
ecosystem generated by the Triple Helix model cannot be exactly replicated in its original form, the model, with its three
main actors and other supporting participants, can be adapted and implemented anywhere in the world as a universal
framework to promote innovation (Etzkowitz & Zhou, 2017).

In the context of the Triple Helix model, companies should not be seen as passive recipients of academic knowledge.
Instead, they should be viewed as fundamental partners whose capacity for absorption, investment in R&D&I, and
engagement in innovation activities are essential for transforming academic patents into licensed technologies (Etzkowitz
& Zhou, 2017; Lopez Jiménez & Dittmar, 2019). In the Brazilian pharmaceutical sector, structural constraints such
as limited investment in R&D, technological dependence on imported inputs, and the predominance of generic drug
production impact the incorporation of academic licenses and the generation of proprietary innovations (Fernandes et
al., 2021; Leal et al., 2022; Martins et al., 2025).

In Brazil, the application of the Triple Helix model gained momentum with the enactment of the Innovation Law
(Law No. 10973/2004), which established a legal framework aimed at promoting science, technology, and innovation.
This legislation sought to reduce the technological gap between knowledge generated in scientific institutions and its
practical application in the productive sector. Since then, public policies, although still incipient in many states, have been
formulated to foster an environment conducive to innovation. Key mechanisms established include subsidized interest
financing, the provision of non-reimbursable research funds, tax incentives, support for venture capital formation, and
encouragement of researcher hiring (Cdser et al., 2018).
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The creation of the Legal Framework for Science, Technology, and Innovation (MLCTI) began in 2015 with
Constitutional Amendment 85/2015, which incorporated into the Brazilian Federal Constitution the authority of various
levels of government to facilitate access to technology, research, and innovation, as well as culture and education. By
including the word “Innovation” in the Brazilian Federal Constitution, the amendment filled a legal gap, enabling the
Brazilian state to promote innovation in a structured manner. To consolidate these changes, Law No. 13,243 was enacted
in 2016 and regulated by Decree No. 9,283 in 2018. This law aims to remove bureaucratic barriers affecting researchers
and innovative entrepreneurs and to create mechanisms to integrate science, technology, and innovation institutions with
the business sector (Brazil, 2018).

Although 9 years have passed since the enactment of the Innovation Law, data from the Ministry of Science,
Technology, and Innovation (MCTI), presented in the 2024 base-year Formict report, indicate considerable variation in
the level of consolidation of Technology Innovation Centers (NITs) in Brazil, across both public and private institutions.
Concurrently, differences are observed in the organizational structure of NITs relative to their respective Scientific and
Technological Institutions (ICTs), even though the majority of these institutions maintain a dedicated NIT (Brazil, 2025).

It is observed that most ICTs have sought to comply with the requirements of the Innovation Law through the creation
of their NITs. However, the difficulties in their effective implementation are evident. According to Katz et al. (2018), the
establishment of NITs in Brazilian ICTs still represents a challenge, even considering that these centers are fundamental
for providing greater autonomy to ICT managers on innovation-related matters (Katz et al., 2018). Additionally, Paranhos
et al. (2018) highlight that, despite the increase in the number of NITs across the country, challenges to their operation
remain significant, and support for their strengthening is still necessary (Paranhos et al., 2018).

According to the national science, technology, and innovation indicators presented by the MCTT in the 2024 base-
year Formict report, a total of 2,397 applications for protection were filed; of these, 2,146 (89.5%) were submitted by public
institutions and 251 (10.5%) by private institutions. Regarding granted applications, 2,374 were identified, of which 2,077
(87.5%) originated from public institutions and 297 (12.5%) from private institutions. Furthermore, regarding technology
contracts, among the 306 institutions that completed the report, only 95 (31.0%) reported their existence, comprising
69 (72.6%) from public institutions and 26 (27.4%) from private institutions. These data indicate that public institutions
dominate research within the country compared to their private counterparts. Moreover, they highlight the low volume
of applications for protection and, even more concerning, the scarcity of knowledge and technology transfer contracts
among these institutions. Such indicators underscore the urgent need to advance the process of knowledge and technology
transfer (Brazil, 2025).

When analyzing the landscape of the largest resident filers of invention patent applications in Brazil in 2024, as
reported by the National Institute of Industrial Property (INPI), the list is predominantly composed of public universities,
followed by a few private universities, companies, ICTs, and independent researchers. These data highlight the prominent
role of Brazilian public universities and ICTs, demonstrating their scientific excellence, while also indicating the private
sector’s low participation in the country’s innovation process (INPI, 2025).

Considering the literature reviewed, this study starts from the premise that the generation and licensing of patents in
graduate programs are embedded in a broader ecosystem of institutional, academic, and territorial maturity. Therefore,
our study is guided by the hypothesis that higher levels of academic productivity, institutional consolidation, and favorable
territorial conditions are positively associated with technological innovation outcomes in GPPS.

METHODOLOGY

Study design

Thisisa cross-sectional documentary study conducted in accordance with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guideline (von Elm et al., 2008).

Setting

The research was conducted in February 2025. Official platforms of the Brazilian graduate system were used, particularly
the CAPES Sucupira Platform for collecting information on GPPS and the Lattes Platform of the National Council for
Scientific and Technological Development (CNPq) for gathering data on researchers” output, covering the period from
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2014 to 2024. Scientific and technical production, as well as the supervision activities of GPPS faculty in Brazil, were
evaluated within the CAPES evaluation area “Pharmacy (19).” In parallel, the Lattes curricula of the faculty were assessed
for the period from 2014 to 2024.

Participants and sample

All graduate programs in the major field of Health Sciences and the evaluation area of Pharmacy, filtered on the Sucupira
Platform, were included. Programs lacking information on their approval by the National Education Council (NEC) were
excluded. All researchers accredited in Brazilian GPPS were included. The sample consisted of 69 (100%) active Brazilian
GPPS registered in 2024, encompassing GPPS from all regions of Brazil.

Variables

e outcome variable: total number of patents by each Brazilian GPPS;

e predictor/exposure variables: faculty scientific production, including published articles stratified by CAPES
Qualis (A1 to B4), texts in newspapers or magazines, abstracts, full papers in conference proceedings, published
books, articles accepted for publication, and presentations at scientific events. Academic activities and supervision
were also considered, including postdoctoral supervision, undergraduate research supervision, master’s theses,
doctoral dissertations, and ongoing student advisement. Additionally, academic recognition, including awards
and titles received, was included;

e institutional and faculty variables: total number of faculty in the GPPS, stratified by affiliation type (permanent/
collaborator). Institutional and geographic characteristics of the GPPS were also considered, including the
Municipal Human Development Index (MHDI), Brazilian region, academic degree (PhD, master’s, professional
master’s, professional master’s/doctoral, master’s/doctoral), program modality (academic, professional), latest
CAPES evaluation score, program organization format (networked or not), and years of operation of the GPPS;

 derived variable: created and termed the Qualis index, calculated from the article production of each GPPS using
the weights from the CAPES evaluation sheet for the Pharmacy area: “Qualis = A1 x 100 + A2 x 85 + A3 x 70 + A4
x 60 + B1 x 50 + B2 x 35 + B3 x 20 + B4 x 10", where A1, A2, A3, B1, B2, B3, B4 represent the number of articles
published by the GPPS in each stratum.

e variable relating to licensing: patents licensed;

e potential confounders and effect modifiers: MHDI, Brazilian region, faculty members and affiliation type,
academic degree and program modality, program organization format, and years of operation, given that these
may be associated with scientific production, with the number of patents and their licensing;

e the duration of each GPPS was calculated by subtracting its starting year from the current year (2024), resulting
in the number of years the GPPS has been in operation;

e the MHDI was obtained from the CAPES scholarship distribution spreadsheet, in accordance with Ordinance No.
92, dated March 27, 2024 (Brazil, 2024b);

e data on faculty affiliation type with the GPPS (permanent or collaborator) were collected from the CAPES panel,
which provided general information about the GPPS and its faculty, as well as from institutions” websites.

Data sources and measurement

The mapping to obtain data on the graduate programs was conducted using public data from the Sucupira Platform in
February 2025.

When accessing the website, in the upper left corner where there are options to explore all the information related to the
programs, the following path was followed: graduate observatory <https://sucupira.capes.gov.br/ - busca_observatério>
Graduate Program, and the selection filters described in Table 1 were inserted.

Table 1. Filters and selections used in the Sucupira Platform to identify graduate programs of interest

Filters Selections

Years of collection 2014 to 2024

Regions Midwest, Northeast, North, Southeast and South
Broad area of knowledge Health Sciences
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Filters Selections

Assessment area Pharmacy

Area of knowledge Pharmacy

Graduate programs in association Yes and no

Grade 3to7

Program modality Academic and professional

Academic degree PhD, Ma)ster’s, Professional Master’s, Professional Master’s/PhD, and
Master’s/PhD

Situation In deactivation and in operation

Source: Brazil (2024c).

After applying the filters, the platform generated a Microsoft Excel spreadsheet containing 69 GPPS. All GPPS were
included in the study.

Additionally, the names of all faculty members were collected. Each faculty member’s curriculum was individually
accessed on the Lattes Platform (https://lattes.cnpq.br/). This allowed the use of a customized version of the ScriptLattes
software (V8.11). Individual registrations for each curriculum and the creation of a faculty group for each GPPS were
completed. Subsequently, management of all groups and generation of unique reports for each GPPS were conducted.
These reports enabled the analysis of bibliographic and technical production (licensed patents), ongoing and completed
supervision, as well as awards and titles.

Bias

A potential information/measurement bias is recognized due to the reliance on self-reported data by faculty on the Lattes
Platform, which may be subject to errors in completion or updating, as well as the lack of standardization in some records.

Statistical methods

Categorical variables were described using frequency and percentage measures, while quantitative variables were expressed
as median and interquartile range.

The response variable (number of total patents) was initially explored using a histogram. Due to the positively skewed
distribution of registered patents, multiple linear regression models were fitted with a square root transformation of
the response. A multicollinearity diagnosis was performed using a Spearman correlation matrix to explain variables
and the variance inflation factor (VIF), excluding variables with high values and redundant information (VIF > 10).
Variable selection was conducted using the Akaike Information Criterion (AIC) via the stepwise method, followed by
the Likelihood Ratio Test (LRT) to compare nested models. Estimates of the parameters of the final model were obtained
using the ordinary least squares method, and their significance was assessed using the Wald test. The adequacy of the
model was verified by the residual-versus-fitted plot, including the Shapiro-Wilk (normality test) and Breusch-Pagan
(homoscedasticity test), as well as analysis of influential points (Cook’s distance and leverage) and a simulated envelope
graph with a 95% confidence interval.

Additionally, the association between licensed patents and institutional and academic variables was explored using
Multiple Correspondence Analysis (MCA), with variables categorized by their medians. The first two axes (dimensions),
which accounted for the majority of the data variability, were considered for the construction of perceptual maps.

All statistical analyses were conducted at a significance level of 5% (p < 0.05) using R software (version 4.3.3), with
the MASS package (Venables & Ripley, 2002) for regression analysis and the ca package (Nenadic & Greenacre, 2007)
for MCA.

RESULTS AND DISCUSSION

Analysis of the 69 GPPS revealed a regional concentration, with predominance in the Southeast region (n = 28; 40.58%),
followed by the South (1 = 13; 18.84%) and Northeast (n = 13; 18.84%) regions (Table 2). This distribution, as noted by Sousa
and Braga (2021), reflects the historical centralization of resources and infrastructure in the more developed regions of the
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country, which favors the consolidation of more robust and continuous research lines (Guimardes et al., 2020; McManus
et al., 2023; Paranhos et al., 2020). This historical concentration helps account for regional asymmetries in innovation
performance, but does not fully justify the differences in technology licensing outcomes observed across regions.

Regarding program offerings (Table 2), 60.87% (n = 42) of GPPS offer both master’s and doctoral courses, contributing
to the consolidation of more robust and continuous research lines. According to Fernandes et al. (2023), the presence
of doctoral programs is strongly associated with the strengthening of institutional technical and scientific capacity,
representing a key element for innovation generation. This is confirmed by patent production data, where GPPS with
greater academic complexity tend to show higher numbers of patent filings (Fernandes et al., 2023). From the point of
view of absorption capacity, doctoral training enhances the ability of institutions to recognize, assimilate, and transform
scientific knowledge into potentially applicable technologies.

The predominance of academic programs (n = 61; 88.41%) over professional programs (n = 8; 11.59%) also stands out.
Although professional programs aim to bring knowledge closer to practical application, their number remains limited.
The expansion of academic master’s and doctoral programs is an effective strategy to foster technological innovation
directly related to the demands of the productive sector, particularly in the health field (Mann et al., 2019). Considering
the absence of complementary institutional mechanisms for technology transfer, academic expansion alone may not
translate into higher licensing rates.

Regarding the Qualis score, the median of 50080.00 (32220.00 — 71090.00) indicates robust scientific production,
mostly concentrated in the higher strata (A1 and A2). However, even with this high bibliographic output, a discrepancy is
observed when compared to the median number of granted patents, which is only 8.00 (2.00 - 13.00). This gap highlights
what Scavuzzi et al. (2023) refer to as the “academic productivity paradox”: a substantial quantitative output that does
not necessarily translate into protected and applicable innovation (Scavuzzi et al., 2023). This paradox reflects a possible
structural misalignment between academic incentives and innovation-oriented outcomes.

Technical production also showed notable indicators, with emphasis on conference presentations (median: 277.00)
and published books (median: 82.00), demonstrating the effort to disseminate scientific knowledge by the GPPS.
However, these forms of output, although relevant for scientific training, have low potential for direct conversion into
technological assets if not accompanied by technology transfer strategies (Chen et al., 2022; Craiut et al., 2022; Fontes,
2005; Siegel et al., 2023).

In parallel, the faculty members of the programs demonstrated a high number of completed supervisions, particularly
in undergraduate research (median: 272.0), master’s theses (median: 179.0), and final course projects (median: 187.0). The
high frequency of undergraduate research supervision is a positive finding, as early research engagement contributes to
the development of an innovative culture. However, it is necessary that this training be accompanied by an institutional
structure that encourages the protection of the knowledge generated. This reinforces the idea that human capital formation
must be coupled with institutional absorptive capacity to effectively generate innovation (Kent et al., 2022).

Table 2. Characteristics of the Graduate Programs in Pharmaceutical Sciences in Brazil evaluated from January 2014 to 2024 (n = 69).

Variable Statistics
Region - n (%): 69 (100.00)
Midwest 7 (10.14)
Northeast 13 (18.84)
North 8 (11.59)
Southeast 28 (40.58)
South 13 (18.84)
Academic degree - n (%): 69.00 (100.00)
PhD 3.00 (4.35)
Master’s degree 16.00 (23.19)
Professional master’s degree 7.00 (10.14)
Professional Master’s/PhD 1.00 (1.45)

Master’s/PhD
Modality - n (%):

Academic

42.00 (60.87)
69.00 (100.00)

61.00 (88.41)
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Variable Statistics
Professional 8.00 (11.59)

In network - n (%):

No

Yes

Grade

Duration of operation (in years)

Municipal Human Development Index (MHDI)
Articles with CAPES Qualis evaluation:

Al

A2

A3

A4

B1

B2

B3

B4

Qualis index

Texts in journals

Abstracts published in conference proceedings
Other types of bibliographic production
Published/edited books

Full papers published in conference proceedings
Articles accepted for publication

Extended abstracts published in conference proceedings
Presentations at scientific events

Completed postdoctoral supervision
Completed specialization supervision
Completed supervisions of other types
Supervisions of all types in progress

Awards and honors

Completed doctoral supervision

Completed master’s supervision

Completed undergraduate thesis/final course project supervision
Completed undergraduate research supervision
Faculty members:

Collaborating faculty

Permanent

Patents

Filed

Granted

Licensed: n (%):

0

g W N

69.00 (100.00)
64.00 (92.75)
5.00 (7.25)

4.00 (4.00 - 5.00)
14.00 (11.00 - 19.00)
0.80 (0.76 - 0.81)
664.00 (452.00 - 997.00)
196.00 (102.00 — 283.00)
159.00 (81.00 — 221.00)
124.00 (70.00 — 187.00)
73.00 (51.00 - 107.00)
58.00 (39.00 — 80.00)
35.00 (24.00 - 43.00)
20.00 (15.00 - 30.00)
14.00 (8.00 - 26.00)
50080.00 (32220.00 - 71090.00)
11.00 (5.00 - 18.00)
553.00 (356.00 - 711.00)
6.00 (3.00 - 13.00)
82.00 (58.00 — 115.00)
24.00 (11.00 - 47.00)
5.00 (2.00 - 8.00)
40.00 (24.00 - 81.00)
277.00 (208.00 — 385.00)
18.00 (7.00 — 42.00)
21.00 (9.00 — 37.00)
100.00 (45.00 — 169.00)
129.00 (102.00 — 193.00)
98.00 (73.00 - 137.00)
84.00 (51.00 - 157.00)
179 (135 - 242)
187.00 (139.00 — 283.00)
272.00 (178.00 - 342.00)
19.00 (15.00 - 24.00)
3.00 (1.00 - 5.00)
16.00 (12.00 - 19.00)
30.00 (13.00 - 60.00)
24.00 (10.00 - 45.00)
8.00 (2.00 - 13.00)
69.00 (100.00)
47.00 (68.12)
16.00 (23.19)

4.00 (5.79)

1.00 (1.45)

1.00 (1.45)

Note: Statistics are expressed as frequencies and percentages for categorical variables, and as medians and interquartile ranges for quantitative variables.
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The patent analysis shows that, although the median of total filings is 30, the majority of programs still do not have
licensed patents (n= 47; 68.12%). This finding corroborates Paranhos et al. (2018), who indicate that the lack of effective
institutional policies is one of the main barriers to technology transfer in the Brazilian academic environment (Paranhos
etal., 2018). This low licensing rate also reflects structural constraints of the Brazilian pharmaceutical industry, including
limited R&D investment and difficulties in incorporating external technologies, particularly in segments dominated by
generic medicines (Leal et al., 2022).

The increase in patent filings also represents a continuous source of revenue for the government, contributing to
public funding. A robust intellectual property system strengthens the country’s international competitiveness and
encourages foreign direct investment, creating a more attractive environment for investors and companies (Paranhos
et al., 2018). Moreover, patent validation in other countries allows national companies to expand their operations into
new markets, contributing to economic growth and supporting talent retention, which is essential for innovation and
economic development (Tanane, 2020; Yang & Wang, 2024). A recent study at a Brazilian public university showed that
the number of licensed patents still represents a low percentage, approximately 10% of total filings (Granjeiro et al., 2025).

When analyzing the duration of operation, it was found that Graduate Programs in Pharmaceutical Sciences (GPPS)
with a longer existence show stronger performance in scientific and technological production indicators. This result
is consistent with McManus et al. (2023), who demonstrated that institutional consolidation over time promotes the
development of more efficient organizational structures and the continuous improvement of innovation management
practices. More mature programs tend to have greater capacity to plan, execute, and sustain initiatives in applied
research, collaboration with the productive sector, and the valorization of innovative outcomes, which directly reflect the
quality and impact of their academic and technological production (McManus et al., 2023). Thus, institutional maturity
represents a cumulative process that strengthens internal routines, technology transfer offices, and strategic engagement
with external actors.

Figures 1, 2, and 3 present complementary perspectives on the production and distribution of patents among the
GPPS in Brazil. Together, these figures illustrate temporal trends, regional distribution, and the overall distribution

pattern of patent counts.
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Figure 1. Annual evolution of the total number of patents related to Graduate Programs in Pharmaceutical Sciences in Brazil (n= 69)

According to Figure 1, the analyzed data reveal a slight increase in the total number of patents from 2014 to 2024,
with some fluctuations over the years. Between 2014 (n = 210) and 2017 (n = 272), there was a consistent upward trend,
followed by a decline in 2018 (n = 215). From that point on, a recovery was observed, culminating in a peak in 2020 (n =
410). Conversely, in the subsequent years, the number of patents decreased again, reaching 317 in 2021 and 207 in 2022.
In 2023 (n = 237) and 2024 (n = 271), a gradual recovery can be noted.
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These results are consistent with trends previously discussed in the literature, which associate the effects of the
COVID-19 pandemic with changes in inventive activity across various fields of knowledge. According to Bloom et al.
(2021), the pandemic led to a technical reorientation of innovations, with a significant increase in patent applications
related to technologies that support remote work, such as videoconferencing and online collaboration tools, whose share
more than doubled compared to the historical average (Bloom et al., 2021).

The peak observed in 2020 should be interpreted with caution. It is likely associated with research activities initiated
prior to the COVID-19 pandemic, reflecting a period of higher productivity before its global impact. The subsequent
decline observed in 2021 and 2022 may represent the delayed effects of the pandemic on research and patenting activities,
as disruptions in scientific work and institutional operations took time to be reflected in patent outputs. The recovery
observed in 2023 suggests a gradual resumption of research activities in the post-pandemic period. Overall, these temporal
patterns indicate that the impact of the pandemic on GPPS-related patenting may exhibit a lag effect, rather than an
immediate response.

Corroborating this analysis, the Center for Economic Policy Research (2022) indicates that, although international
patent filings experienced a decline, the impact was more moderate compared to previous crises. This resilience was
driven primarily by advances in biotechnology and health-related technologies. On the other hand, the decline observed
in subsequent years may be attributed both to a reduction in emergency demands and to the operational instability faced
by academic and scientific institutions during the most critical periods of the pandemic (CEPR, 2022).

Furthermore, it is observed that the pandemic significantly altered scientific production (Riccaboni & Verginer, 2022).
In 2020, the first year of the health crisis, there was a marked quantitative increase in publications, with an emphasis on
topics related to the economics of health. Figure 2 shows the number of patents and the distribution of GPPS stratified by
regions of Brazil.
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Figure 2. Geographical distribution, being (A) number of patents and (B) number of Graduate Programs in Pharmaceutical
Sciences in Brazil (n= 69)

The analysis of total patents by region (Figure 2A) shows a significant contribution from GPPS in the Northeast
(n = 973) and Southeast (n = 945), indicating a relevant innovative dynamic in both regions. Although the Southeast
has traditionally concentrated the main science, technology, and innovation indicators in the country (IPEA, 2020), the
data suggest that the Northeast has achieved a comparable performance. This result should be interpreted with caution,
taking into account the recent expansion of graduate programs in the Northeast region, investments in human resource
development, and regionally focused public policies aimed at strengthening institutional innovation structures (Gazzoni
et al.,, 2025; McManus et al., 2021; Neves & Barbosa, 2020).

This distribution of patent licensing supports the idea that innovative capacity is not limited to regions with higher
industrial density, but can emerge in contexts where there is continued investment in human resource qualification and in
promoting the protection of technical-scientific production. In this sense, the findings are consistent with studies advocating
the decentralization of innovation as a result of effective regional strategies for institutional strengthening (Fernandes et
al., 2023). Thus, it is suggested that the national graduate system has expanded its territorial reach in terms of generating
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applicable knowledge. Furthermore, rather than indicating superiority over the Southeast, the North-eastern performance
highlights how institutional incentives and regional policies can partially offset historical structural disadvantages.

The distribution of GPPS frequency by region (Figure 2B) shows a concentration in the Southeast (n = 28), followed
by the Northeast (n = 13), South (n = 13), North (n = 8), and Central-West (n = 7). Our findings corroborate the historical
concentration of higher education institutions and research centers in the Southeast axis (IPEA, 2020). However, when
compared to technological production data (Figure 2A), it is evident that the number of programs does not necessarily
determine the volume of patents. Although the Northeast region exhibited a number of patents comparable to, or even
higher than its number of programs, this finding should be interpreted with caution. The present study did not normalize
patent counts by variables such as faculty size, program longevity, or other structural characteristics. Therefore, it is not
possible to draw conclusions regarding relative efficiency. Several studies have demonstrated that well-structured regional
policies and the consolidation of local innovation networks can offset structural limitations and generate significant
associations (De Noni et al., 2018; Leckel et al., 2020; Min et al., 2020; Zhao & Li, 2023). Thus, the data reinforce the
idea that innovative performance depends not only on the number of programs but also on the quality of institutional
coordination and local strategies to promote innovation.

After the descriptive characterization of the GPPS, an analysis was conducted to identify the factors associated with
the total number of patents.
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Figure 3. Histogram of the patent variable for the 69 Brazilian Graduate Programs in Pharmaceutical Sciences

The response variable (number of total patents) was initially explored using a histogram. The distribution showed
right-skewness, indicating that most programs have a low number of patents, with a few programs exhibiting higher
values (Figure 3).

A multiple linear regression model was fitted with a square root transformation of the response variable due to its
positively skewed distribution. High variance inflation factor values were obtained for the variables completed doctoral
supervision (VIF = 11.82), published articles (VIF = 10.46), and Qualis index (VIF = 10.86), therefore they were excluded.
After selecting variables using the Akaike Information Criterion (AIC), considering the stepwise method, followed by the
use of the Likelihood Ratio Test (LRT) and assessing significance of the parameters by the Wald test, the adjusted model
included the following variables: completed postdoctoral supervisions, MHDI, and completed undergraduate research
supervisions. Its equation is given by:

3
\/z:ﬁo+z,8kxki + €,
k=1

where, x;; corresponds to k-th variable values in the model to i-th program, the parameters f3, are the regression
coefficients associated with the respective x; variables (x;: completed postdoctoral supervisions; x,: MHDI; e x;: completed
undergraduate research supervisions), and e y, is the number of patents to i-th program.
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The parameter estimates are presented in Table 5. All predictor variables were statistically significant (p < 0.05), with
MHDI having a negative effect on the total number of patents, while completed postdoctoral supervisions and completed
undergraduate research supervisions had a positive effect on the outcome.

Table 5. Parameter estimates for the model of multiple linear regression, along with their respective standard errors and p-values from
the Wald test

Parameter Estimate Standard error p-value
B, 26.6976 5.432509 < 0.0001*
B, 0.0415 0.009044 < 0.0001*
B, -31.3149 6.837956 <0.0001*
B, 0.0084 0.002068 0.0001*

Note: *Significant at 5%.

The model’s adequacy was confirmed by residual analysis (Figure 4), which met the assumptions of normality
(Shapiro-Wilk test; W = 0.9883, p-value = 0.7701), and homoscedasticity (Breusch-Pagan test; BP = 2.3942, df = 3, p-value
= 0.4947). Sensitivity was assessed using Cook’s distance and leverage (Figure 4). Analyzing standardized residuals versus
leverage, although some observations show higher residuals or moderate leverage, they do not exceed the usual limits of
Cook’s distance, indicating that the model fit is not excessively dependent on individual points. The simulated envelope
graph has 4.35% of points out of envelope and also indicates that the model is adequate (Figure 5).

Residuals vs Fitted Q-Q Residuals
450 s
=+ - o - = 1 —
o E
o o
PR @ o8 © Je o o B =
E o @ fo s ° 00 =
E] 2 2
e e hu—_ai?.—r"’ﬂ 5 o -
& @0 ¢.o S G =
o g o 88 =
=] kel = —_ -
o > = .
o ] i
- o
' Lol E‘O [
I I I I I
2 4 6 3 10 -2 -1 0 1 2
Fitted values Theoretical Quantiles
Scale-Location Residuals vs Leverage
v 59 gpos
= < DEE
= ° ° R T R
E “ é% [ o '_E & [
o o
i o o°o§° o o, Z -4 oo%oooo
2 = s e, o @ Z \% % ] s °
il [+
E % S8 g T ood et 0
= e ® o, @ = oD @ 0_3?’6'————___
g o o 20® < o ° E o@é&;o @ ® e o
[= o o = - el
= o @ E o g
= o o in i
= o T A o °
o 2 =
= T T T T T | T T T
2 4 6 8 10 0.00 0.05 0.10 0.15
Fitted values Leverage

Figure 4. Residual plots of the fitted model necessary for evaluating the assumptions of normality, and homoscedasticity
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Residuals

Theoretical quantiles

Figure 5. Simulated envelope graph with a 95% confidence interval

The Analysis of Variance (ANOVA) of the model was significant (p < 0.0001), accounting for 53.78% of the total
variability in the patents (Table 6).

Table 6. Analysis of variance of the fitted multiple linear regression model

Source of variation GL SQ QM p-value
Regression 3 319.1966 106.3989 < 0.0001*
Residuals 65 274.302 4.220

Total 68 593.499

Note: *Significant at 5%.

Additionally, a multiple correspondence analysis (MCA) was conducted to explore associations between patent
licensing (present/absent) and categorical variables related to academic production, institutional profile, and
regional context.

The resulting perceptual map (Figure 6) highlights a clear association between the presence of patent licensing and
programs with above-median indicators in terms of scientific production, number of faculty members, postdoctoral
supervision, completed master’s and doctoral supervisions. Conversely, the absence of licensing was associated with
programs exhibiting less consolidated profiles and below-median indicators. The first two axes of the MCA accounted for
74.2% of the data variability.
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Figure 6. Correspondence map for the variables patent licensing (L) and the variables region (Reg), total articles (ART), completed
postdoctoral supervisions (PD), total completed master’s and doctoral supervisions (MD), faculty members (DOC), Qualis index
(Q), and academic degree (GA). Legend: GA:M - master’s; GA:D - doctorate; GA:MD - master’s/doctorate; GA:MP - professional
master’s; GA:MDP - professional master’s/doctorate; Reg:SE — Southeast; Reg:S — South; Reg:NE - Northeast; Reg:CO — Midwest;
Reg:N - North; DOC - faculty members; PD - postdoctoral supervision; MD - master’s/doctorate supervisions; ART - articles; Q -
Qualis; NOT - CAPES score; TEMP - program duration; IDH - Human Development Index; L - licensed patents

The evaluation of technology transfer has been considered a complex and multifaceted process, involving the analysis
of several dimensions such as personnel, processes, budget, valuation, intellectual property, marketing, integration,
management, R&D in technologies, relationships, environment, and society. Thus, the more structured a university is, as
reflected in the performance of its graduate programs and the activity of its TTO, the better the conditions for successful
technology transfer (Silva et al., 2025). Figure 7 presents the perceptual map, which accounts for 90.4% of the variability
in the category cloud.
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Figure 7. Correspondence map for the variables licensed patents (L) and the variables program rating (NOT), program duration
(TEMP), Qualis score (Q), and the Human Development Index (IDH) of the municipality where the programs are located

These findings indicate that patent licensing (L:P) is associated with institutional and contextual variables performing
above the median, such as longer program duration (TEMP:1), higher CAPES ratings (NOT:1), superior Qualis index
(Q:1), and location in municipalities with higher HDI. Similarly, the absence of licensed patents (L:A) is associated with
low output of these same variables (Q:0,TEMP:0, NOT:0, IDH:0, respectively) (Figure 7). This correspondence map
accounted for 90.4% of the data variability.

These results support the hypothesis that technology licensing is embedded within a broader ecosystem of academic
and institutional maturity, reflecting not only the technical capacity of the GPPS but also their placement in more developed
urban contexts. However, regarding the total number of patents, the regression results show that traditional indicators
of academic productivity, such as total bibliographic output, did not remain independently associated after adjustment.
Instead, variables directly related to human capital formation, such as completed postdoctoral and undergraduate research
supervisions, demonstrated a positive association with patent generation. This reinforces the concept that the internal
dynamics of qualification and training within programs may be more decisive for inventive output than bibliometric
volume alone (Chen & Chen, 2025; McChesney et al., 2025).
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As noted by Fernandes et al. (2023), programs with longer duration and positive CAPES evaluations tend to exhibit
more robust innovation management structures, which enhance the generation and transfer of technologies. Conversely,
the association between the absence of licensing (L:A) and indicators below the median may reveal structural or institutional
limitations that restrict the conversion of scientific knowledge into technological assets, particularly in regions with lower
HDI or less consolidated programs (Fernandes et al., 2023).

The association between patent licensing and the HDI highlights the relationship of the territorial context to the
innovative performance of graduate programs. Municipalities with MHDI above the median show a higher occurrence of
programs that license patents, suggesting that more developed contexts in terms of income, education, and longevity create
more favorable conditions for technology transfer. We emphasize that the apparent discrepancy between the negative
association of the HDI with total patents in the regression model, and the positive association of a higher HDI with patent
licensing in the multiple correspondence analysis, should be interpreted with caution. Our findings stem from different
analytical approaches and distinct outcomes (patent counts versus the presence of licensing). These results should be
considered exploratory and indicative of potential complexity in the relationship between territorial development and
innovation outcomes, given that no formal robustness checks or additional analyses were conducted to reconcile them
(Garcia & Araujo, 2022; Ye et al., 2024).

This finding is consistent with the literature, which emphasizes the importance of territorial capacities in strengthening
innovation ecosystems, especially in countries with pronounced regional inequalities, such as Brazil (Oliveira & Pimentel
Neto, 2025). At the same time, the findings also indicate the occurrence of the so-called “Southern paradox”: regions with
high HDI may still exhibit low licensing levels due to institutional priorities focused on traditional academic outcomes
rather than applied innovation (Bastos & Frenkel, 2017; Soares et al., 2020).

On the other hand, the absence of patent licensing (L:A) is more associated with regions such as the South (Reg:S)
and GPPS offering exclusively professional or academic master’s programs (GA:MP and GA:M). Although the Southern
region generally exhibits high HDI and a solid educational and productive base, our findings indicate its association with
the lack of patent licensing. While this may initially seem counterintuitive, it reflects institutional heterogeneity within
the region, marked by differences between more established programs and those with emerging structures, which may be
associated with part of this result. Many programs in the South, despite being located in municipalities with high HDI,
are characterized by a focus on academic training and traditional scientific production, often at the expense of fostering
a culture of innovation and technology transfer (Etzkowitz & Zhou, 2017; Fernandes et al., 2023).

Furthermore, factors such as the absence of internal policies focused on intellectual property, weak engagement
with the regional productive sector, and the lack of well-structured NITs can act as barriers to effective licensing, even in
socioeconomically favorable environments. Therefore, a high HDI, although an important facilitator, does not guarantee
innovative performance on its own; it is also necessary to consider institutional strategies and the level of technological
maturity of the programs involved (Silva et al., 2025).

The results indicate that patent licensing in graduate programs is not determined solely by academic indicators or
the quality of scientific output, but rather by the interaction of multiple institutional, structural, and territorial factors.
Program maturity, reflected in variables such as years of operation, CAPES evaluation scores, and faculty qualifications,
combined with the presence of consistent internal innovation policies and the strengthening of NITs, is essential for effective
knowledge transfer (Santos et al., 2024; Veiga & Menezes, 2023). This discovery aligns with the Triple Helix model, in which
universities, industry, and government share responsibility for the outcomes of innovation. Furthermore, industry is not
a passive recipient, but rather an active co-creator of technological development (Lépez Jiménez & Dittmar, 2019).

Concurrently, the socioeconomic context in which the programs are embedded, represented by the MHDI, is
associated with the opportunities and constraints regarding university-industry collaboration (Lima et al., 2021; Lima
et al., 2022; Nsanzumubhire & Groot, 2020; Yu & Yuizono, 2021). Therefore, promoting patent licensing requires not only
investment in academic training and research infrastructure but also the development of more equitable, coordinated
innovation ecosystems that are sensitive to regional specificities. Our study underscores the need for integrated public
policies that consider both the internal strengthening of institutions and the territorial inequalities shaping the country’s
innovative capacity (Lee, 2019).

Limitations include those related to the methodological design followed in this study. The reliance on secondary public
domain data, such as that available on the Sucupira and Lattes platforms, stands out, characterizing possible information
bias due to inconsistencies in completion, late updating, or underreporting by faculty and programs. Furthermore,
because this is a cross-sectional design, the analysis does not allow for establishing causal relationships between the factors
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investigated and patent production; therefore, only associations are possible. Furthermore, if a patent has co-authors in
more than one GPPS, it may have been counted twice. Other contextual variables that were not considered include the
existence and effectiveness of institutional policies to encourage innovation, the specific budget allocated to intellectual
property protection, or the expertise of the NITs, all of which may be associated with the observed results. Finally, our
findings limit generalizability to other areas of knowledge due to the exclusive focus on Pharmaceutical Sciences.

Furthermore, this is the first Brazilian study on the topic and provides innovative results that can enhance public
policies. Regression analysis identified significant predictors linked to academic dynamics and MHDI. At the same time,
multiple correspondence analyses revealed that patent licensing is strongly associated with a consolidated institutional
profile, characterized by longer existence, better CAPES ratings, relevant scientific production, and location in
municipalities with a high MHDI. In this sense, our findings reinforce that, while fundamental, bibliographic production
alone is not enough to ensure the translation of knowledge into technological innovation. Therefore, it is crucial to
advance policies that strengthen intellectual property management, encourage university-business collaboration, and
reduce regional differences, converting scientific excellence into technological and social transformation. These findings
suggest that science and technology policies should go beyond generic incentives and focus on strengthening institutional
maturity, technology transfer capabilities, and regional innovation ecosystems in order to effectively translate scientific
excellence into technological and social benefits.

CONCLUSION

Patent licensing, although still in its early stages within the Brazilian GPPS system, showed consistent links with programs
located primarily in the Southeast and Northeast regions and characterized by greater institutional contributions. This
includes higher CAPES index rankings, a longer history of activity, a broader academic structure, and location in
municipalities with higher HDI levels. Our results reinforce the idea that technology commercialization tends to emerge
within a broader ecosystem of institutional maturity and a favorable territorial context.

The factors associated with the total number of patents were considered different from those associated with
licensing. Multiple regression analysis demonstrated that patent generation was positively associated with completed
postdoctoral supervisions and completed undergraduate research supervisions, highlighting the central role of human
capital development, both in advanced and initial stages, in fostering inventive activity. In this sense, we suggest that an
internal research training structure within GPPS is fundamental for the production of patent applications.

On the other hand, presentations at scientific events and the municipal HDI (MHDI) showed negative associations
with the total number of patents. This finding shows that a greater emphasis on academic expansion does not necessarily
translate into greater patent production and may demonstrate different institutional priorities between scientific visibility
and intellectual property protection. Furthermore, the distinct behavior of the MHDI across the two analytical approaches
suggests that territorial development may be more closely associated with the commercialization of technologies than
with their initial generation.

In parallel, these findings demonstrate that patent generation and licensing outcomes are related, yet specific,
dimensions of innovation performance. While licensing appears to depend more heavily on institutional maturity and
territorial context, patent generation is more closely linked to internal academic dynamics and the qualification of human
capital. Thus, strategies aimed at strengthening technological innovation in the GPPS should not focus exclusively
on increasing bibliographic productivity, but also on reinforcing research training, intellectual property management
structures, and aligning scientific activity with innovation-oriented aims, to contribute to the advancement of the Brazilian
pharmaceutical sector.

Despite its contributions, this study is limited to the area of pharmaceutical sciences and quantitative indicators of
patentactivity, withoutaddressing the qualitative dimensions of technology transfer or economic outcomes. As perspectives,
future research should advance in three main directions: comparative analyses across different areas of knowledge,
qualitative investigations of institutional innovation practices and the performance of technology transfer agencies, and
longitudinal studies capable of capturing the causal mechanisms linking academic maturation to technological outcomes.

Finally, this study contributes to the understanding of innovation in universities, demonstrating that scientific
excellence alone may be insufficient for generating technology, and highlighting the central role of institutional and
territorial maturity in converting knowledge into innovation within the Brazilian pharmaceutical sector.
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