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ABSTRACT

This study analyzes the influence of different university-industry (U-I) collaboration channels through which firms enhance their innovation capabilities. A survey was conducted
with 176 Brazilian manufacturing firms. The results indicate that while U-I collaboration channels are important for building firm innovation capabilities, not all channels
are equally effective. Collaboration channels based on knowledge transfer are the most beneficial for firms in terms of their impact on innovation capabilities, particularly in
the dimensions of management, transaction, and development capabilities, compared to those based on innovation networks. This means that knowledge transfer through
technology licensing, training, HR recruitment, and publications and reports, improve the firms’ internal process and innovation capabilities. This article contributes to the
understanding of universities” impact on firms beyond short-term measures, such as financial and innovation performance, by providing a holistic perspective. Finally, it
is important to emphasize that this study sheds light on the specific dynamics of the interaction between two key societal actors—universities and industrial firms—in the
generation and application of scientific and technological knowledge. It contributes to the broader discourse on Sustainable Development Goal 9 — Industry, Innovation, and
Infrastructure, particularly within the context of an emerging economy.

Keywords: university-industry collaboration, firm innovation capability, firm innovation performance, manufacturing firms, collaboration channels.

RESUMO

O objetivo deste estudo é analisar a influéncia de diferentes canais de colaboragdo universidade-empresa (U-E) por meio dos quais as empresas aprimoram suas capacidades de
inovagdo. Uma pesquisa foi conduzida com 176 empresas brasileiras de manufatura. Os resultados indicam que, embora os canais de colaboragdo U-E sejam importantes para
a construgdo de capacidades de inovagdo das empresas, nem todos sdo igualmente eficazes. Os canais de colaboragdo baseados na transferéncia de conhecimento sdo os mais
benéficos para as empresas em termos de seu impacto nas capacidades de inovagdo, particularmente nas dimensoes de gestdo, transagdo e capacidades de desenvolvimento, em
comparagdo com aqueles baseados em redes de inovagdo. Isso significa que a transferéncia de conhecimento por meio de tecnologias licenciadas, treinamento, recrutamento de
RH e publicagdes e relatdrios permite que as empresas melhorem seus processos internos e, por sua vez, suas capacidades de inovagdo. Este artigo contribui para a compreensdo do
impacto das universidades nas empresas além de medidas de curto prazo, como desempenho financeiro e de inovagdo, fornecendo uma perspectiva holistica. Por fim, é importante
destacar que este estudo esclarece as dindmicas especificas da interagdo entre dois atores sociais fundamentais — universidades e empresas industriais — na geragdo e aplicagdo de
conhecimento cientifico e tecnoldgico. Ao fazer isso, contribui para o debate mais amplo sobre o Objetivo de Desenvolvimento Sustentdvel 9 — Induistria, Inovagdo e Infraestrutura,
particularmente no contexto de uma economia emergente.

Palavras-chave: colaboragdo universidade-empresa capacidade de inovagdo empresarial, desempenho de inovagdo empresarial, empresas de manufatura, canais de colaboragdo.

RESUMEN

El objetivo de este estudio es analizar la influencia de los diferentes canales de colaboracion universidad-empresa (U-1) a través de los cuales las empresas mejoran sus capacidades
de innovacion. Se realizé una encuesta con 176 empresas manufactureras brasilefias. Los resultados indican que, si bien los canales de colaboracién U-I son importantes para
desarrollar capacidades de innovacion en las empresas, no todos los canales son igualmente efectivos. Los canales de colaboracion basados en la transferencia de conocimiento son
los mds beneficiosos para las empresas en términos de su impacto en las capacidades de innovacion, particularmente en las dimensiones de gestion, transacciones y capacidades de
desarrollo, en comparacion con los basados en redes de innovacion. Esto significa que la transferencia de conocimiento a través de licencias de tecnologia, capacitacion, contratacion
de recursos humanos y publicaciones e informes permite a las empresas mejorar sus procesos internos y, a su vez, sus capacidades de innovacién. Este articulo contribuye a la
comprension del impacto de las universidades en las empresas mds alld de las medidas de corto plazo, como el desempeiio financiero y de innovacion, al proporcionar una perspectiva
holistica. Finalmente, es importante subrayar que este estudio arroja luz sobre las dindmicas especificas de la interaccion entre dos actores sociales clave —las universidades y
las empresas industriales— en la generacién y aplicacién de conocimiento cientifico y tecnolgico. Al hacerlo, contribuye al discurso mds amplio sobre el Objetivo de Desarrollo
Sostenible 9 — Industria, Innovacién e Infraestructura, particularmente en el contexto de una economia emergente.

Palabras clave: colaboracién universidad-industria, capacidad de innovacién de las empresas, desempeiio de innovacion de las empresas, empresas manufactureras, canales de colaboracion.
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INTRODUCTION

The role of universities in generating knowledge and innovation is a topic that is gaining
increasing attention from academics and policymakers. Establishing a relationship between
university activities and the social and economic returns to society is essential to expanding the
possibilities of applying knowledge and generating solutions to societal problems. One form of
the relationship between the university and society is the university-industry (U-I) interaction.
Through this interaction, it is possible to understand how the university engages with companies
to generate innovations and potentially increase their competitiveness.

There are many avenues that universities can pursue to become entrepreneurial and
transfer their knowledge and technology to firms (Etzkowitz, 2003; Guerrero & Urbano, 2012). U-I
collaboration provides firms with access to valuable resources that are useful for innovation
activities, such as human resources, university infrastructure, and technology licensing (Bishop
et al,, 2011). Consequently, most academic literature posits that U-I collaboration allows firms
to increase their performance (Apa et al., 2021; Robin & Schubert, 2013).

However, the empirical literature on the benefits of U-I collaboration has important gaps.
The first gap concerns understanding which collaboration channels are the most beneficial for
firms” innovativeness. To date, the few studies exploring distinct types of U-I collaboration have
revealed that they have different impacts on firms” innovation activities and performance (Jones
& Zubielqui, 2017; Puffal et al., 2021).

The second gap is the lack of a holistic approach when measuring the outcomes of U-1
collaboration for firms. For instance, it is known that the potential benefits of U-I collaboration
extend far beyond an increase in firm performance, allowing for the development of firms’ R&D
and learning capabilities (Ahrweiler et al., 2011; Fuentes & Dutrénit, 2012). However, previous studies
have evaluated the impact of U-I collaboration either on firm performance (Fitjar & Rodriguez-
Posé, 2013) or on non-performance benefits, without combining them in the same study (Bishop et
al., 2011; Fuentes & Dutrénit, 2012). Thus, focusing on only one type of U-I collaboration outcome
for firms implies a lack of a holistic view of the benefits obtained by the firms.

Innovation capability is one of the most important capabilities for firms (Guan & Ma,
2003; Hogan et al., 2011; Saunila, 2020; Zawislak et al., 2012). It allows a firm to achieve superior
performance (Reichert et al., 2016; Zawislak et al., 2012) and sustain that performance in the long
term (Saunila & Ukko, 2012).

Previous empirical studies have shown that access to a university’s knowledge and resources
enhances a firm’s ability to build its capabilities (Ahrweiler et al., 2011; Fuentes & Dutrénit, 2012).
However, few studies have examined the impact of universities on firms” innovation capabilities.

Hence, we posit the following research question: What is the influence of different U-I
collaboration channels on the innovation capabilities and performance of manufacturing firms?
To answer this question, an exploratory theoretical-empirical research study was conducted.
Hypotheses were constructed based on a literature review and tested using a primary database
collected through a survey conducted in 2021 with 176 Brazilian manufacturing firms that
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engaged in collaboration with universities. The data was analyzed using the structural equation
modeling technique.

The theoretical contribution of this article is twofold. First, it offers a holistic examination of
the range of potential benefits firms obtain from collaboration with universities by incorporating
innovation capability into the model and demonstrating how different types of U-I collaboration
have varying impacts on firms’ innovation capability and performance. We highlight that U-I
collaboration influences four key dimensions of innovation capability: management, transactions,
development, and operations, with particular emphasis on the first three, as they play a central
role in shaping firms’ long-term competitiveness. Moreover, our findings indicate that knowledge
transfer channels have a stronger impact on enhancing these capabilities compared to innovation
networks, reinforcing the strategic relevance of structured knowledge exchange in fostering
industrial firms” innovation capabilities in Brazil.

Second, the study contributes to the strategic understanding of collaboration mechanisms
by providing insights into the options firms have in terms of collaboration channels to build
their innovation capabilities. By distinguishing the relative influence of knowledge transter and
innovation networks, our analysis offers a refined perspective on how firms can optimize their
engagement with universities to achieve innovation outcomes. Hence, we do not state that all
types of U-I collaboration should be pursued at all costs.

INNOVATION CAPABILITY AND U-1 COLLABORATION

This section is divided into 2 subsections. First, a general introduction to innovation capabilities
and university-industry (U-I) collaboration is presented. Then, hypotheses are constructed.

Overview of firms’ innovation capabilities and U-| collaboration

From an innovation performance perspective, innovation capability is one of the most important
for firms, as it allows them to achieve superior innovation performance (Reichert et al., 2016;
Zawislak et al., 2012) and sustain that performance in the long term (Guan & Ma, 2003; Hogan
et al.,, 2011; Saunila, 2020; Saunila & Ukko, 2012; Zawislak et al., 2012). Innovation capability can
be defined as “the ability to continuously transform knowledge and ideas into new products,
processes, and systems for the benefit of the firm and its stakeholders” (Lawson & Samson, 2001).

Firms seek to engage in U-I collaboration for different reasons, such as sourcing state-of-the-
art scientific and technological knowledge, using physical facilities, and enhancing innovativeness
(Bonaccorsi & Piccaluga, 1994). In turn, the possession of specific types of resources and access to
knowledge sources serves as an input for building innovation capability (Castela et al., 2018; Guan
& Ma, 2003). Previous empirical investigations have shown that external relations are important
tools to enhance firm innovation performance (Fitjar & Rodriguez-Pose, 2013; Mikhailov et al., 2020).
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There are different perceptions of what a firm’s capabilities are. Leonard-Barton (1992)
argued that a firm’s core capabilities are embedded in employees” knowledge and in the firm’s
internal systems, such as technical and organizational ones. Additionally, values and norms are
also part of a firm’s core capabilities (Leonard-Barton, 1992). It is important to add that universities
are excellent human-resource providers. Therefore, they can act as catalysts for firms” core
capabilities in human resource aspects (Jones & Zubielqui, 2017).

Helfat (1997) argued that innovation capability is dependent on a firm’s R&D activities.
Conducting R&D in collaboration with a university or outsourcing R&D to a university provides
an opportunity not only to develop new products or processes but also to lower investment
costs. However, conducting R&D activities requires advanced knowledge and state-of-the-art
knowledge from universities may act as a catalyst for enhancing the knowledge stock needed
(D'Este & Patel, 2007; Etzkowitz & Zhou, 2017).

Various empirical studies have been conducted to measure the benefits of U-I collaboration
for firms. They identified six types of benefits: financial performance improvement, product
innovation, process innovation, technological performance, increased learning capabilities,
and firm longevity (Alpkan & Gemici, 2023;; Fuentes & Dutrénit, 2012; Min et al., 2019; Puffal
etal., 2021).

Most studies focus on measuring the effects of collaboration on financial, technological, and
innovation performance, often overlooking other important measures (Min et al., 2019). Moreover,
there is no consensus on which types of collaboration are most beneficial for firms. For instance,
Puffal et al. (2021) posit that U-I collaboration based on the exploration of university knowledge
enhances the product and process innovativeness of Brazilian firms. Mikhailov et al. (2020) found
similar results, suggesting that firms should engage in knowledge-intensive collaboration.

Apa etal. (2021) demonstrated that formal and informal collaboration between universities
and industry positively influenced the innovation performance of small and medium-sized
enterprises in [taly. However, informal collaboration between universities and industry may not
have the same effect on innovation for companies in Ghana (Abdulai et al., 2020) and Italian SMEs
(Garcia-Perez-de-Lema et al., 2017). Fuentes and Dutrénit’s (2012) research revealed that training-
based U-I collaboration generally does not impact innovation in Mexican admanufacturing
firms, whereas human resource-based collaboration does.

In their study, Puffal et al. (2021) found that knowledge transfer collaborations are more
beneficial for process innovation, while collaborations utilizing university infrastructure are
more beneficial for product innovation. Mikhailov et al. (2020) suggest that the presence of
research-oriented or development-oriented collaborations is necessary for firms to achieve high
innovativeness, but not other types of U-I collaboration.

Liboreiro et al. (2022) demonstrated that university laboratory spin-offs are important for U-I
collaboration but typically do not result in the creation of innovative products. Additionally,
prior quantitative studies have indicated that intellectual property generated by universities in
collaborative research laboratories may not lead to the development or success of new products
(Zawislak & Dalmarco, 2011).

4 RAE | Sdo Paulo | V. B85 (3) | 2025 | 1-23 | e2024-0182 elSSN 2178-938X
BY



FORUM [ Industry, university, and innovation: Understanding the relationship between collaboration channels and firm innovation capabilities in Brazil

Andrei Mikhailov | Janaina Ruffoni | Daniel Pedro Puffal

U-I collaborations can be classified in various ways (e.g., D’Este & Patel, 2007; Pévoa & Rapini,
2010). Building on the idea that U-I collaborations enable firms to access diverse resources, we
categorize them based on the channels firms use in their innovation activities. Drawing from
existing classifications, we propose a typology of U-I collaborations based on these channels.
Table 1 outlines two types of U-I collaboration. The first one, called ‘knowledge transfer,’
involves utilizing channels such as training, HR recruitment, technology licensing, and reading
publications and reports. The second type, called ‘innovation networks, focuses on collaboration
channels such as consulting, outsourced R&D, joint R&D, accessing university networks, HR
exchange, and spinoffs.

Table 1. Types of U-I Collaboration

U-I1 collaboration channel type | Resource References
Knowledae transfer Technology Jones & Zubielqui (2017), Pévoa & Rapini (2010), Puffal et al. (2021),
s licensing Schartinger et al. (2002), Vega-Jurado et al. (2017)
L D'Este & Patel (2007), Meyer-Krahmer & Schmoch (1998), Puffal et
Training

al. (2021), Schartinger et al. (2002)

HR recruitment

Colombo & Delmastro (2002, D'Este & Patel (2007), Puffal et al.
(2021)

Publications
and reports

D'Este & Patel (2007), Meyer-Krahmer & Schmoch (1998), Puffal et
al. (2021), Schartinger et al. (2002)

Innovation networks Consulting Meyer-Krahmer & Schmoch (1988), Schartinger et al. (2002)
Outsourced
R&D Cunha & Fracasso (1999), Schultz et al. (2020), Vega-Jurado et al. (2017)
Joint R&D Cunha & Fracasso (1899), Schultz et al. (2020), Vega-Jurado et al. (2017)
University Fuentes & Dutrénit (2012), Min et al. (2019), Pévoa & Rapini (2010)
networks

HR exchange

Meyer-Krahmer & Schmoch (1998), Pévoa & Rapini (2010)

Spinoff

Povoa & Rapini (2010), Puffal et al. (2021), Schartinger et al. (2002)

Constructing hypotheses

In emerging economies, where structural constraints and weaker R&D capability limit firms’
ability to innovate independently, universities act as essential sources of specialized knowledge
and skilled human capital (D’Este & Patel, 2007; Vega-Jurado et al., 2017). Knowledge transfer
mechanisms, such as technology licensing, training, and HR recruitment, allow firms to absorb
external knowledge and enhance efficiency and innovativeness of their internal routines (Bishop
etal., 2011; Puffal et al., 2021).

By integrating university knowledge, firms can strengthen their problem-solving, R&D,
and production processes, helping them progress toward more advanced innovation activities

elSSN 2178-938X
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(Apa et al., 2021; Fitjar & Rodriguez-Posé, 2013). HR recruitment also plays a key role in bridging
the skills gap and fostering continuous learning within firms (Jones & Zubielqui, 2017).

These collaborative engagements help the firms to leverage university expertise to gradually
enhance their innovation capabilities and, even partially bridge the innovation gap with firms
in developed economies, which are known for having high innovation capabilities (Fuentes &
Dutrénit, 2012; Puffal et al., 2021). Hence, we propose the following hypothesis:

H1: The use of knowledge transfer collaboration channels has a positive effect on the
innovation capability of firms engaged in U-I collaboration.

Previous research has demonstrated that knowledge transter mechanisms —such as
training, recruitment, and technology licensing— may serve as critical pathways for firms
to internalize external knowledge and convert it into innovation outcomes through new or
significantly improved processes and products (D’Este & Patel, 2007; Vega-Jurado et al., 2017). By
engaging in these collaborative channels, firms gain structured access to codified and tacit
knowledge generated in universities, which in turn strengthens their capabilities and enhances
their innovation performance. This effect is particularly relevant when firms utilize formalized
knowledge transfer mechanisms, as they provide a structured way to incorporate scientific and
technological knowledge into innovation activities (Bishop et al., 2011). The literature highlights
that firms benefiting from knowledge transfer collaborations may experience long-term innovation
improvements, as they embed the acquired expertise, allowing for a more systemic integration
of new knowledge into their innovation activities (Puffal et al., 2021). Moreover, knowledge
transfer collaborations play a fundamental role in enabling firms to upgrade their innovation-
related routines, particularly when using human resource recruitment and training programs
(Jones & Zubielqui, 2017). These factors contribute to enhancing firm innovation performance,
particularly in emerging economies, where firms tend to lack high-level internal routines that
allow them to present superior innovation performance (Fischer et al., 2019).

H2: The use of knowledge transfer collaboration channels has a positive effect on the
innovation performance of firms engaged in U-I collaboration.

Theoretical perspectives on innovation suggest that firms benefit from external collaborations
by developing more advanced and efficient internal routines (Chesbrough, 2006). Innovation
networks enable firms to access university-based expertise through consulting, joint R&D, and
participation in collaborative research networks. This collaborative setting fosters the co-creation
of knowledge and allows firms to enhance their exploratory and exploitative learning capabilities,
which are crucial for the development of sustained capabilities (Bishop et al., 2011; Pévoa & Rapini,
2010). Innovation networks serve as dynamic platforms for firms to experiment with new technologies,
co-develop solutions with academic researchers, and gain exposure to state-of-the-art infrastructure,
all of which directly impact their ability to innovate (D’Este & Patel, 2007). Studies have shown
that firms engaging in such collaborative networks demonstrate higher levels of technological
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sophistication due to their access to interdisciplinary expertise and advanced problem-solving
frameworks (Mikhailov et al., 2020). In this context, the firm’s ability to establish and maintain
research-oriented and development-oriented collaborations becomes a key determinant of its
innovation potential, further reinforcing the role of innovation networks in shaping long-term
competitive advantage (Mikhailov & Puffal, 2023). Hence, we propose hypothesis 3.

H3: The use of innovation networks and collaboration channels has a positive effect on
the innovation capability of firms engaged in U-I collaboration.

Empirical studies suggest that firms engaging in research-oriented university collaborations
benefit not only in terms of capability development but also in direct innovation performance
improvements (Mikhailov & Puffal, 2023; Puffal et al., 2021). Innovation networks facilitate a firm’s
access to cutting-edge research, specialized infrastructure, and interdisciplinary expertise, which
are essential drivers of product and process innovation (D’Este & Patel, 2007). Moreover, firms that
actively participate in innovation partnerships tend to develop more radical innovations compared
to those that rely solely on internal R&D (Min et al.,, 2019). Therefore, by leveraging university
partnerships within innovation networks, firms are better positioned to enhance their innovation
performance and introduce market-relevant innovations. Hence, we propose hypothesis 4.

H4: The use of innovation networks and collaboration channels has a positive effect on
the innovation performance of firms engaged in U-I collaboration.

Figure 1 presents the conceptual model examined empirically in this study.

Figure 1. The Influence of U-I Collaboration Channels on Firms' Innovation Capabilities and Firms’
Innovation Performance

Knowledge transfer

University -
Industry Channel

Innovation
network

H1

Innovation Innovation
capability performance
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U-1 COLLABORATION AND INNOVATION IN BRAZIL

The development of science, technology, and innovation in Brazil occurred differently than in
Furope and North America (Rapini et al,, 2015). The establishment of universities in Brazil was
delayed compared to many other Latin American countries (Suzigan, 2011). The first Brazilian
universities, founded in the 20" century, primarily focused on undergraduate teaching due to
the limited demand for skilled workers from industry (Rapini et al., 2015).

The institutionalization of science in Brazil began in the mid-1950s. During this period,
science and technology policies followed a ‘supply logic,” creating knowledge based on internal
priorities with minimal industry involvement. This approach was based on the “Linear Model,”
which assumed that knowledge would naturally flow to the productive sector (Rapini etal., 2015).
Entrepreneurial universities began to emerge only in the 21st century.

Until the late 2000s, traditional teaching and research institutions operated with limited
interaction, leading to a restricted positive feedback loop between science and technology
(Dalmarco et al., 2019; Suzigan & Albuquerque, 2008). The immaturity of the Brazilian National
Innovation System (NIS) also highlights the prevalence of low levels of private investment in
R&D (Albuquerque, 1996; Albuquerque et al., 2015), and the structural feature of higher public
spending on R&D over private investment (Schneegans et al., 2021).

The most common characteristics of innovations generated by Brazilian firms are those
of low-tech intensity and generally of a process type (reflecting a competitiveness based more
on costs than on product differentiation, for example) (Fischer et al., 2019). This characteristic
affects firms” ability to absorb relevant external knowledge. Knowledge from suppliers and
competitors is considered more important than other external sources of knowledge (Caliari et
al., 2021). This suggests the adoption of strategies termed by the authors as “passive-dependent”
for process innovation and “active-imitative” for product innovation by Brazilian firms.

Numerous studies have examined the university-industry (U-I) interaction in Brazil and
the influence of activities carried out by universities on generating innovation in companies.
Some studies highligh weakness in Brazil’s National Innovation System (NIS) regarding its
ability to systematically and continuously foster interaction among its actors. On the other
hand, a notable increase in the number of interactions between firms and universities over
time and across different fields of knowledge has been found. The study by Suzigan (2011)
stands out in this regard for revealing significant historical and current characteristics of the
U-l interaction in Brazil.

In the same vein, it is noteworthy that more recent studies indicate that U-I collaboration
in Brazil has been strengthening (Fischer et al., 2019; Santiago & Lauriano, 2023). Since the 2000s,
universities have increasingly engaged with industry, leading to a rise in the number of companies
involved in such collaborations. The percentage of innovative Brazilian companies interacting
with universities grew from 1.96% in 2003 to 7.20% in 2014 (Fischer et al., 2019). Moreover, a
recent study by Figueiredo et al. (2021) identified the significance of non-R&D interactions with
universities in developing low-level technological capabilities.
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METHOD AND MEASURES

We conducted a specially designed survey targeting managers of manufacturing firms that
interacted with universities and research institutes. The survey used a structured questionnaire
that measured: (1) University-industry (U-I) collaboration, (2) firms’ innovation capabilities,
and (3) firms’” innovation performance.

Data

The list of manufacturing firms was obtained from the CNPq Directory of Research Groups
Census (DGP-CNPq) 2016, which was the most recent national census (Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico, 2021). This database contains data on all research groups
formally registered in Brazil and has been organized by the Brazilian National Council for
Scientific and Technological Development (CNPq). The questionnaire used to form the database
was completed by leaders of scientific research groups and contained a wide range of information
on the composition of research groups, location, scientific and technological productions,
and relationships with other stakeholders. By checking the sectoral activity classification code
(CNAE) of the research groups’ partners, 1,026 manufacturing firms that collaborated with
universities were identified.

Constructs and variables

The validity and reliability of the data collection instrument are crucial parts of the survey
method (Churchill, 1979). All questions and constructs of the structured questionnaire applied
were based on validated measurement instruments (Alves et al., 2017; Reichert et al., 2016).

Dependent variables

The dependent variables were divided into two groups (Table 2 and Table 3). The first group
included first-order dependent variables based on the innovation capabilities model of Zawislak
et al. (2012), namely, development capability (DC), operations capability (OC), management
capability (MC), and transaction capability (TC), which were previously applied through
validated measurement instruments.

It is crucial to highlight that development capability refers to a firm’s ability to understand
the current state of technological advancements and, when necessary, adapt these technologies
to enhance or modity its operational capability and any other capabilities aimed at achieving
greater technical and economic efficiency. Operational capability, in turn, refers to the firm’s
ability to execute its production capability through routines that integrate knowledge, skills, and
technical systems at a specific point in time (Zawislak et al., 2012).
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Management capability involves the ability to convert the results of technological
development into organized operations and transactional agreements. Finally, transaction
capability encompasses the firm’s capability to minimize market negotiation and logistics
costs, effectively improving its transaction costs. Together, these capabilities form a company’s
innovation capability (Reichert et al., 2016; Zawislak et al., 2012).

[t is important to emphasize that the model developed by Zawislak et al. (2012) has been applied
to develop innovation capabilities measurement scales specifically to Brazilian manufacturing
companies by Alves et al. (2017) and Reichert et al. (2016). Additionally, the measurement instrument
was specifically developed for surveys applied to manufacturing companies, which is the case of
the sample used in the present research. This makes the aforementioned model very suitable
for current research.

Table 2. Dependent Variables

Variable Variable type Construction Validated and applied by*

First-order dependent variables

- . Mean of 6
Development capability (DC) Continuous Likert-scale variables Alves et al. (2017)

. o ) Mean of 5
Operations capability (OC) Continuous Likert-scale variables Alves et al. (2017)

. . Mean of 5
Management capability (MC) Continuous Likert-scale variables Alves et al. (2017)

M f 4
Transactions capability (TC) Continuous . eano R Alves et al. (2017)
Likert-scale variables

Second-order dependent variable

Innovation performance ‘ Continuous ‘ 3 Likert-scale variables ‘ Engelmann et al. (2017)

The second group included a second-order dependent variable, an innovation performance
measurement validated by Engelman et al. (2017), composed of one factor (composite reliability =
0.85, average variance extracted = 0.80). The factor was composed of three Likert-scale variables
that evaluated: (1) firm market share growth in comparison to competitors in the last 3 years, (2)
firm revenue from new products in comparison to competitors in the last 3 years, and (3) the
number of new products and processes introduced in the last 3 years in comparison to competitors.

Table 3. Descriptive Statistics of Dependent Variables

Variable ‘ Mean ‘ Standard error

First-order dependent variables

Development capability (DC) 4.36 0.40
Operations capability (OC) 442 0.35
Management capability (MC) 450 0.35
Transactions capability (TC) 4.03 0.53

Second-order dependent variable

Innovation performance 377 0.77
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Independent variables

The independent variables were composed of two categories of U-I collaboration channels used
to support collaborative firms’ innovation activities. The interviewees were asked to rate, on
a scale from 1 to 5, the importance of 10 different U-I collaboration channels for conducting
the firm’s innovation activities, using a five-point scale ranging from “not important” to “very
important.” The firm’s managers were asked: “How important are the following collaboration
channels with universities for conducting innovative activities in your company, with 1 being
‘not important’ and 5 being ‘very important’?” Table 4 shows the mean values for the use of
specific collaboration channels for innovation activities.

Table 4. Descriptive Statistics of Independent Variables

Variable Mean Standard error
Training 472 675
Technology licensing 4.41 788
HR recruitment 4.40 .803
Consultancy 4.02 .803
Publications and reports 3.98 .843
Joint R&D 3.96 1038
Spinoff 3.74 1.010
Taking part in university networks 3.69 962
Patents 3.65 1145
Outsourced R&D 3.63 1072
HR exchange 3.47 1022

Likewise, factor analysis was performed with the variables representing different interaction
channels (11). The Kaiser-Meyer—Olkin (KMO) measure of sampling adequacy was 0.825, and
Bartlett’s Test of Sphericity was statistically significant (p < 0.001), suggesting the suitability of
the study data for dimension reduction through factor analysis. The total variance explained
by the two factors was 51.34%. The results suggested the presence of two categories of U-I
collaboration channels: knowledge transfer (4 items with composite reliability = 0.86 and
average variance extracted = 0.92) and innovation networks (6 items with composite reliability
= 0.84 and average variance extracted = 0.83). The factor loadings are presented in Table 5.
Thus, all required indices of validity and reliability parameters of the construct and individual
factors met the thresholds suggested by scholars.
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Table S. Factor Analysis of U-I Collaboration Channels Used by the Firm to Conduct Innovation Activities

Component
Factor Variables 1 2
Technology licensing 0.807
Factor 1: Knowledge transfer
Training 0.685
HR recruitment 0.522
Publications and reports 0694
Factor 2: Innovation networks
Consulting 0.390
Outsourced R&D 0.740
Joint R&D 0.828
University networks 0.798
HR exchange 0.604
Spinoff 0.692

Control variables

The following control variables were used: firm size, calculated by applying log10 to the number
of employees; age, calculated by applying logl0 to the number of years since the company’s
foundation; firm technological intensity, coded as low (1), medium-low (2), medium-high (3),
and high (4); impact of the COVID-19 pandemic on firm R&D investment (5-point Likert
scale); and presence of cooperation with university research groups after the start of the COVID-
19 pandemic (dummy variable). It is important to add that the variables were chosen because
they may impact the firms’ innovation performance and even some capabilities, as seen in
previous studies (Apa et al., 2020; Bishop et al., 2011). We also considered the impact of COVID-
19 on R&D investment, as this is an important factor in accurately assessing a company’s level
of R&D activity, which may have changed significantly since the onset of the pandemic.

Table 6. Control Variables

Variable Variable type Coding
Size Continuous LoglO of the total number of employees
Age Continuous LoglO of age in years

R&D intensity (R&D investment in Below 1% =1, between 1% and 2.5% = 2,

Ordinal
proportion to revenue) raina between 2.6% and 7% = 3, over 7% = 4
Impact of COVID-19 on the firm R&D Continuous Very negative = 1, negative = 2, neither negative
investment nor positive = 3, positive = 4, very positive = 5
Presence of R&D department Dummy Present =1, absent = 0
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Data collection

A specialized team of researchers contacted 1,026 firms between September and November
of 2021. A total of 176 responses were obtained, resulting in a response rate of 17.2%. This
response rate is close to previous innovation and U-I collaboration non-mandatory surveys (i.e.,
Reichert et al., 2016; Robin & Schubert, 2013). Reichert et al. (2016) and Puffal et al. (2021) recommend
interviewing companies’ top managers, who tend to have a holistic view of the firm, to obtain
knowledge of firms’ capabilities and collaborations. Thus, interviews were conducted with firms’

CEOs and top managers.

Data analysis

The preliminary analysis included the evaluation of outliers (z-values and Mahalanobis distance
for innovation capability variables), resulting in the exclusion of § observations (below the 5%
threshold). The final sample included 168 firms. The data were analyzed using partial least
squares structural equation modeling (PLS-SEM) with IBM AMOS software.

The sample was composed of innovative companies, the majority of which stated they
conduct continuous R&D activities (92.9%) and have a formal R&D department (79.2%).
Additionally, 33.4% of companies reported creating new products or processes in the last three
years that are new to the country. Hence, these companies are important users of resources
provided by Brazilian universities. Hence, it is important to stress that the analyzed companies
may be quite significant to the Brazilian innovation system.

The sectoral distribution of the firms surveyed is shown in Table 7.

Table 7. Number of Companies and Frequency per Sector

Sector Number of companies Frequency %
Machinery and equipment 40 22.8
Food and beverage 37 21
Paper, wood and wood products 19 10.8
Chemicals 14 8
Pharmaceuticals 13 7.4
Leather and footwear 12 6.8
Metal products 11 6.3
Medical and optical equipment 8 4.5
Electrical equipment 6 34

Continue
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Table 7. Number of Companies and Frequency per Sector

Concludes

Sector

Number of companies

Frequency %

Rubber and plastics 8 4.5
Precision instruments 2 11
Non-metal products 2 11
Printing 1 0.6
Communication equipment 1 0.6
Electronics and hardware 1 06
Other manufacturing products 1 06
Total 168 100

The sample included firms from different sectors, including machinery and equipment

(22.8%), food and beverage (10.8%), chemicals (8.0%), and pharmaceuticals (7.4%).

RESULTS AND DISCUSSION

This section presents the main results and discussion. First, the model fit indicators are shown
(Table 8). Then, the results of the model are presented (Figure 2 and Table 9).

Table 8. SEM Model Indicators

Indicators Value Thresholds
p - significance <0.001 <0.01
CMIN/DF 1761 <5.0
RMSEA - root mean squared error of approximation 0.068 <0.08
CFI - comparative fit index 0.893 >0.8
IFI - incremental fit index 0.900 >0.8
TLI - Tucker-Lewis coefficient 0.844 >0.8

As shown in Figure 2 and Table 9, university-industry (U-I) collaboration channels
based on knowledge transfer positively impact all capabilities except operations capability,
supporting Hypothesis 1. The positive impact of the factor ‘knowledge transfer’ is expected, as
it allows the company to access the resources required for product and process development

(Puffal et al., 2021).
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Figure 2. U-I Collaboration Channels, Firms' Innovation Capabilities, and Firms’ Innovation
Performance

Knowledge
transfer

Management
capability

Operations
capability

University -
Insdustry Channels

Innovation
performance

Transaction
capability

Innovation
networks

Development
capability

Table 9. U-| Collaboration Channels, Innovation Capabilities and Firms’ Innovation Performance

MC ocC TC DC INOV
U-1
collaboration factors
Knowledge transfer 0.437"** (0.123) 0173 (0.118) 0.486"* (0.193) 0.769"** (0.172) 0.085(0.36)
Innovation networks -0.008 (0.085) -0.080 (0.090) -0.079 (0.131) -0.345* (0.105) -0.048(0.191)
Innovation capabilities
MC - - - - 0.225%*(0.166)
TC - - - - 0.214*(0.109)
ocC - - - - 0.044(0.143)
DC - - - - 0.011(0.188)
Control Variables
LoglO_Size 0.083(0.046) -.0.025(0.044) 0.069(0.067) 0.085(0.049) -0.018(0.085)
LoglO_Age -0.017(0.107) -0.07(0.113) 0.054(0.164) 0.027(0.119) 0.075(0.208)
R&D intensity 0.043(0.035) 0.164(0.037) 0.059(0.053) 0.087(0.039) 0.170(0.069)
COVID_R&D 0.046(0.029) -0.070(0.030) -0.115(0.044) 0.022(0.032) 0.158(0.057)
Research_Group -0.073(0.078) 0.052(0.082) 0.150(0.120) 0.350(0.091) 0.095(0.179)
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The factor innovation networks did not present a positive effect on any of the four capabilities.
Hence, the results of the SEM did not provide support for Hypothesis 3. It is important to note
that the sample was composed exclusively of firms that collaborated with universities. Therefore,
the SEM results suggest that knowledge transfer is more beneficial for collaborative firms than
innovation networks.

To explain these results, it is important to examine the specific channels that compose
the factors of knowledge transfer and innovation networks. For instance, a possible reason for
the superior benefits of the factor knowledge transfer compared to innovation networks is that
the transfer of valuable new knowledge through technology licensing, training, HR recruitment,
and publications and reports allows for more structured knowledge flows from the university to
the firm, thereby enabling the firm to improve its internal processes and, in turn, its innovation
capabilities. These findings are aligned with previous studies that emphasize the strategic value
of formalized knowledge exchanges (Bishop et al., 2011; Puffal et al., 2021).

Participation in innovation networks may not lead to a structured knowledge flow from
universities to firms. This is particularly true for channels such as outsourced R&GD and
participation in networks involving universities. Garcia et al. (2017) and Wu et al. (2015) found
that outsourced R&D may not be as beneficial for firms’ innovation as other types of U-I
collaborations. It is worth noting that the innovation networks factor includes channels such
as spinoffs, and, as highlighted by previous studies, it is not uncommon in Brazil for spinofts or
joint R&D labs to fail to generate tangible benefits for firms (Liboreiro et al., 2022).

Opverall, based on the analysis of the results, it is possible to conclude that U-I collaboration
channels based on knowledge transfer are preferable to channels based on innovation networks.
From this, it can be hypothesized that knowledge absorption and its application to the commercial
needs of the analyzed companies are better in the case of knowledge transfer-based collaboration
than in innovation network-based collaboration.

Hypotheses 2 and 4 were not supported, as significant effects of collaboration channels on
firms” innovation performance were not identified. Therefore, despite knowledge transter being
more beneficial for firms in terms of increasing innovation capability, the same cannot be said
for firms” innovation performance. The absence of significant results for Hypotheses 2 and 4 —
concerning innovation performance — suggests that while specific U-I collaboration improves
internal capabilities, it may not immediately translate into measurable performance gains. It is also
possible that performance improvements require the maturation of capabilities, subsequent cycles
of learning, and complementary investments, which may not be fully captured in cross-sectional
analyses. Thus, our study extends the works of Fuentes and Dutrénit (2012) and Vega-Jurado et al.
(2017), who noted the long-term and indirect nature of capability building in U-I collaborations.

These findings also suggest that focusing solely on short-term performance metrics may
underestimate the transformative potential of U-I collaborations. In this regard, our results
contribute to the theoretical literature by demonstrating that the benefits of U-I interaction are
channel-specific and context-dependent, and that capability development could be considered
a core outcome in its own right—not merely a pathway to performance.
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Our findings extend these discussions by demonstrating the channel-specific dynamics of
U-I collaboration and reinforcing that not all forms of collaboration yield equivalent benefits.
This study advances the literature by highlighting that knowledge transfer channels play a
central role in capability enhancement in Brazil, which is an emerging country. It builds on the
typologies and findings of Puffal et al. (2021) and Mikhailov et al. (2020), refining the understanding
of how university resources contribute to firm-level capability formation.

The study contributes to the literature by expanding and integrating the insights from
prior research. We extend Puffal et al. (2021) and Mikhailov et al. (2020) by categorizing U-I
collaborations into higher-order constructs and testing their differentiated impact on multiple
capability dimensions. We also expand Bishop et al. (2011) and Fuentes and Dutrénit (2012) by
analyzing not only access to resources but also their transformation into innovation capabilities —
particularly in an emerging economy context where firms face structural constraints. This
nuanced understanding of U-I collaboration mechanisms helps refine theory on how firms learn
from universities and which conditions enable such learning to translate into organizational
innovation capacity.

CONCLUDING REMARKS

The results found in the study contribute to advancing our understanding of the relationship
between U-I collaboration and its impact on innovation capacity and firm performance.The
results suggest that not all university-industry (U-I) collaboration channels are equally important
for building firms’ innovation capability. In particular, the findings indicate that U-I knowledge
transfer is more beneficial for firms” innovation capabilities than U-I innovation networks. In
contrast, in terms of firms” innovation performance, it was not possible to determine which
factor—knowledge transfer or innovation networks—is more beneficial.

Thus, the innovative capability of firms investigated is more impacted by the interaction
carried out with the university through the elements relating to human resources, technology
licensing, and publications. This result is in line with the characteristics of the innovative
efforts that Brazilian firms generally make. In general, Brazilian firms find it more difficult
to make continuous efforts in terms of R&D and other elements that make up the innovation
network channel.

In addition, it is important to highlight that: 1) interaction with the university generates
positive effects when considering knowledge transfer, as seen, but it also needs to be combined
with other efforts or aspects to reap the benefits arising from the innovation network; and 2) the
result suggests that the impact of collaboration with universities on the firm’s innovative capacity
depends on various factors and therefore cannot be understood as linear, certain, or positive.

In terms of the theoretical contribution of this article, we highlight: 1) it extends the
understanding of the benefits firms obtain from U-I collaboration by incorporating the
innovation capability perspective into the empirical model and by distinguishing the impacts
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of different collaboration types. We explain the effect of U-I collaboration not only on firm
performance in the given moment but also on the development of innovative-related capabilities,
particularly development, management, and transactions capabilities, that sustain long-term
innovativeness, allowing the firm to sustain superior performance; and 2) it contributes to the
strategic understanding of collaboration mechanisms by providing insights into the options
firms have in terms of collaboration channels to build their innovation capabilities. Thus, we
contribute to the research on U-I collaborations, especially on the topic of the outcomes of
these collaborations for the actors.

Finally, considering that relationships with the industry through scientific research groups
are regarded as an entrepreneurial university practice, the paper expands the understanding
of the potential impacts of entrepreneurial practices of universities in emerging countries.
We hope the results will be useful for policymakers by providing them with reliable data to
formulate public policies for innovation and offering insights into the types of U-I collaboration
that are most beneficial for enhancing firms’ innovation capabilities. It is suggested that when
the goal of public policy or a private company manager’s action is to develop or strengthen the
innovative capability of firms, emphasis should be placed on promoting U-I interactions, with
a particular focus on knowledge transter channels. Furthermore, when the goal is to encourage
U-l interaction, it is important to consider that interactions centered on knowledge transfer
are likely to generate greater impacts in terms of outcomes for the firm’s innovative capability.
Therefore, we suggest that our study, by advancing knowledge on innovation in emerging
countries, indirectly contributes to SDG 9 — industry, innovation, and infrastructure, particularly
on the innovation dimension in emerging countries.

This research presents certain limitations. First, as U-I collaboration is a complex concept
with many different typologies (Schaeffer et al., 2017), it cannot be assured that the applied typology
did not affect the study’s results (Apa etal., 2021). The same can be said about innovation capability
constructs, as there are different understandings of what constitutes innovation capability (Castela
etal., 2018; Guan & Ma, 2003; Zawislak et al., 2012).

Second, not all U-I collaborations that occurred in Brazil are covered by the DGP-CNPq
2016 database (Mikhailov et al., 2022). Since U-I collaboration can be either formal or informal,
most U-I collaboration databases have this same limitation (Apa et al., 2021; Arant et al., 2019).
Third, it is important to consider the environmental context, which differs between emerging
and developed economies. Hence, the article’s results should not be generalized to other
economies. Finally, we point out that the results are largely based on the single cross-sectional
survey, which could also be considered a limitation.

For future research, we suggest further investigation into the impact of U-I collaboration
channels on firms’ innovation capabilities and performance. The results showed that not all
types of collaboration channels are equally beneficial for firms, so it is important to explore the
reasons for this in depth. Did this occur because different collaboration types impact a different
mix of firms’ internal routines? Including geographical and locational factors within an empirical
model would provide an interesting opportunity to deepen the investigation. Also, we suggest
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taking a deeper look into the duration of the collaboration. Do longer collaborations affect
benefits obtained by the firms in a more positive way than shorter ones? Is there a U-shaped
moderation effect of collaboration duration on the size of benefits?

Finally, we suggest conducting a cross-country investigation to deepen the understanding of
the role of environmental factors in the impacts of U-I collaboration on firms’ benefits. We hope that
this study will pave the way for new empirical investigations into the benefits of U-I collaboration.
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