Awvailable online at www.ijournalse.org

[]
il EMERGING SCIENCE JOURNAL

(ISSN: 2610-9182)

L] ‘ Emerging Science Journal

EMERGING SCIENCE JOURNAL

Vol. 9, No. 5, October, 2025

From Silos to Synergy: Collaborative Laboratories and the
Transformation of Knowledge Production

José M. R. C. A. Santos &, Ana Sofia Brand&o !

LCIMO, LA SusTEC, Instituto Politécnico de Braganga, Campus de Santa Apoldnia, 5300 253 Braganga, Portugal.

Keywords:

Public Policies;
The increasing societal importance of cutting-edge science and technology calls for a closer Rg| Ecosystems;
examination of public policies' influence on the evolving dynamics of knowledge production and .
transfer. This focus is especially pertinent in peripheral economies such as Portugal, where persistent ~ N€twork Orchestration;
structural challenges include the limited integration of highly qualified human resources within the  Social Network Analysis;
economy. The purpose of this research is to investigate how the knowledge coproduction and  qjaporative Laboratories.
transfer dynamics of ‘Collaborative Laboratories’ (CoLABs), a new form of intermediary
organization in Portugal, differ from those of more traditional science-industry interface set-ups, in
the Portuguese context. This research employed a deductive, quantitative, multiple-case, cross-
sectional design, utilizing scientific publications as collaboration indicators and applying Social
Network Analysis to map and analyze the knowledge coproduction and transfer networks of
CoLABs in Portugal, comparing them to Technology Centers. The results reveal that CoLABs
prioritize the creation of flexible collaboration networks and the broad coproduction and
dissemination of knowledge. CoLABs are found to function as value-occupying hub organizations . .
and serve as crucial bridging entities and are characterized by high connectivity, diverse Article History:
collaboration, and cohesive research and innovation communities. The need for public agencies and

Abstract

CoLAB governance structures to devise strategies to enhance communication and collaboration Received: 08 July 2025
within the_ CoLAB network is_ highlig_hted. This is the f!r§t study to ir_w_estigate CoLABs asanew  Reyised: 22 September 2025
form of intermediary organization in Portugal, specifically examining how their knowledge

coproduction and transfer dynamics differ from more traditional science-industry interface set-ups ~ Accepted: 25  September 2025
e PR EaniE Published: 01  October 2025

1- Introduction

The strategic deployment of policy tools remains the primary mechanism through which governments can guide their
policy systems and influence target behavior. Policy instruments are a crucial area of inquiry within public policy
research as this is essential for enhancing our understanding of policy development and informing more effective policy
design [1]. An instrument-based approach offers a valuable lens for elucidating policy dynamics, providing prescriptive
insights that can empower policymakers to make more informed and effective decisions compared to solely relying on
input-based approaches [2]. However, while acknowledging that the link between policy instruments and outcomes is
complex and influenced by numerous factors [3], a deeper understanding of how specific instruments influence target
group behavior and compliance with governmental aims remains a critical gap in the literature [4]. Despite emerging
research indicating that certain instruments or instrument mixes correlate with enhanced performance [2], a
comprehensive understanding of the precise relationship between instrument choices and policy outcomes remains
limited. Therefore, this study adopts an output-oriented approach, drawing upon the foundational work of scholars such
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as Vedung [5] and Salamon [6] to examine the outcomes of science policymaking. Following a constructivist paradigm,
we assume that the production of knowledge is a social process whereby the world of research and science and the world
of policymaking meet in producing policy-relevant information.

Policymakers, funders, and scientists continue to grapple with effectively leveraging science to address emergent
societal challenges. This necessitates systemic changes in how research and innovation (R&I) are funded, conducted,
and disseminated to generate new knowledge, economic activity, and societal value simultaneously. In particular,
understanding the roles of new ‘actors’ designed to foster collaboration between scientists, industry, government, and
broader society is crucial. This article focuses on Portugal, a small, peripheral economy facing these challenges, to
investigate Collaborative Laboratories (CoLABS) as a novel policy instrument for promoting knowledge co-production
and translating scientific advancements into tangible societal and economic benefits.

Scientific knowledge gains problem-solving efficacy through collaborative development [7]. The increasing
contextualization of scientific research has spurred the emergence of diverse organizations within international higher
education and R&lI sectors, aiming to facilitate knowledge co-production [8] with significant implications for R&lI
ecosystems [9]. Given the substantial public investment in these intermediary organizations, the dynamics between
producers and consumers of research-based knowledge and skills are of growing concern [10]. This worry has driven
the development of policies and strategies aimed at increasing the utilization of scientific research by industry and
society, primarily by fostering stronger connections between universities, enterprises, government agencies, and the
public [11]. Specifically, the co-production of knowledge among scientists, industrialists, third-sector actors, and
policymakers is encouraged to translate scientific discoveries into tangible opportunities and solutions [8], making a
focused discussion of knowledge production and exchange processes essential [12].

Establishing and maintaining impactful academy-industry partnerships remains a persistent challenge, particularly in
peripheral economies characterized by limited R&D capacity and structural weaknesses. While various government
policies aim to stimulate science-industry links, their uneven success underscores the limitations of traditional
approaches and the need for innovative solutions. Traditional university-industry partnerships, such as science parks,
often prioritize technology transfer over knowledge co-production. New ‘actors’, dedicated to knowledge production
and transfer, encompass various forms, including facilitating networks, communities, alliances, and platforms [11].
Notably, contemporary collaborative research consortia and open innovation models significantly promote
interdisciplinary research and knowledge-sharing.

Non-university R&I institutions, acting as intermediaries [12], play a vital role in bridging the gap between science
and innovation by facilitating collaboration, research, and technology transfer. These institutions typically possess
specific research focuses and develop deep expertise applicable to real-world challenges. They actively pursue
collaborations with industry partners and often manage intellectual property, patents, and licensing agreements [13].
Furthermore, they frequently offer testing facilities and expertise to evaluate the feasibility of new ideas, accelerating
the adoption and commercialization of research outcomes. These institutions may also contribute to policy discussions
and influence regulations and standards.

One such organizational setup that promotes effective collaboration and the prioritization of joined-up thinking for
the coproduction of knowledge and value creation [14] has emerged since 2017 in the Portuguese R&I ecosystem: the
CoLABs. Established as intermediary organizations, they represent a potential alternative or complement to conventional
policy tools such as Technology Centers (TCs). CoLABs correspond to infrastructures dedicated to knowledge
coproduction, providing expertise and services in knowledge and technology transfer. They are dedicated to specific
sectors or challenges, such as forestry or the low demographic density of mountain regions. Their focal areas are not
defined at the policy-making level but through a bottom-up approach in which the interested parties create a consortium
and apply for public bootstrap funding. Their formal status is also open, and they can be established as not-for-profit
organizations or firms. This represents a paradigm change in the Portuguese R&I ecosystem, which is composed of over
300 R&D units supported by the National Foundation for Science and Technology (FCT) and over 30 ‘Technology and
Innovation Centers’ funded by the National Innovation Agency (ANI). Notably, CoLABs are jointly supported and
monitored by FCT and ANI. To fulfill their mission, CoLABs aim to create highly qualified employment with economic
and social value.

Despite the increasing variety of intermediary ‘actors’, there is a significant gap in understanding how university-
industry collaborations should be structured to develop and share fundamental and practical knowledge to address
societal challenges [15]. This study addresses this gap, and the limited understanding of the relationship between specific
policy instruments and outcomes [4], by focusing on CoLABs as a case study in a peripheral economy. It addresses this
new type of actor's opportunities, potentialities, and limits. In particular, this study seeks to answer the following research
question: “How do the knowledge coproduction and transfer dynamics of Collaborative Laboratories differ from those
of more conventional science-industry interface set-ups, in the Portuguese context?” To the best of our knowledge, this
is the first study to investigate this new form of intermediary organization in Portugal.
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Network Orchestration Theory [16, 17] is used to analyze how CoLABs act as ‘hub organizations” within a network
of diverse actors. In particular, the study examines how CoLABs orchestrate knowledge production and transfer across
the network. It provides a robust theoretical lens for analyzing their function and impact. This theory is crucial for
understanding how a central organization, or an 'orchestrator," intentionally manages and guides a network to generate
value. In this study, CoLABs are conceptualized as 'hub organizations' that orchestrate knowledge production and
transfer across a diverse network of actors, including universities, firms, and other entities. The theory helps to elucidate
the processes through which CoLABs construct and manage these cross-organizational networks to achieve collective
goals. The application of Network Orchestration Theory allows the study to highlight how CoLABs act as value-
occupying orchestrators, leading value creation and promoting collaboration within their networks, and how they bridge
the gap between research and the market. This theoretical approach ultimately helps to illuminate the potential of
emerging and alternative configurations within the Triple/Quadruple Helix model for university-industry interactions in
peripheral economies. Social Network Analysis (SNA) [18, 19] is used to map collaboration patterns between CoLABS,
universities, firms, and other actors. Scientific publications are used as a proxy for knowledge coproduction. Data are
compared between CoLABs and first-generation intermediary organizations in Portugal (the TCs).

Ultimately, by examining the organizational role played by CoLABs in the current stage of Portugal's national R&l
ecosystem development, this research aims to contribute to the understanding of how intermediary infrastructures can
shift from a mere scientific and technological service to a collaborative knowledge development process, thereby
fostering more diverse and effective policy-science-industry interactions. This study is particularly relevant given
Portugal's decade-long efforts to encourage science-industry links and the unique challenges it faces as a peripheral
economy striving to enhance its innovation capacity. It offers valuable insights into the design and implementation of
effective policies aimed at bridging the gap between science, industry, and society.

The article proceeds by first detailing the theoretical framework that underpins this study. Following this, the
methodology is outlined, explaining the use of SNA to map collaboration patterns among CoLABs, universities, firms,
and other key actors, with scientific publications serving as a proxy for knowledge co-production. The article then
presents and discusses the results of the comparative analysis, where data collected from CoLABs are contrasted with
those of TCs. Finally, the conclusions summarize the study's contributions and implications for policymakers and
practitioners.

2- Background

The collaboration between academia and industry is increasingly recognized as a crucial driver of innovation [20].
Governments worldwide implement policies to foster this collaboration, aiming to address scientific and technological
challenges. However, the success of these policies hinges on effective implementation at the local level, leveraging
existing infrastructure and resources to translate policy objectives into tangible advancements [21]. While numerous
programs and policies aim to bridge the science-industry divide, their effectiveness varies significantly across countries
due to diverse cultural, cognitive, organizational, and human capital factors influencing innovation [22].

Previous research emphasizes the influence of state involvement and established production specialization profiles
on the relevance and diversity of intermediation processes and organizations within science-industry innovation
networks. Mazzucato [23] compellingly demonstrates the state's entrepreneurial role, even in ostensibly liberal
economies like the United States, highlighting how state investment in the early, high-risk stages of innovation has been
crucial for fostering emerging technologies. This aligns with broader analyses of varieties of capitalism, which
demonstrate how national state approaches to development influence the propensity of specific productive, scientific,
and technological structures to engage in radical innovation [24]. Critically, previous policy instruments have often
overlooked the heterogeneity of socio-politico-economic contexts and the potential of variations in organizational set-
ups, hindering their overall effectiveness [25]. This study addresses these limitations by focusing on the specific role of
CoLABs within the Portuguese context.

Existing research has extensively explored the intermediation role of university organizations and specialized
intermediaries, such as science parks, business incubators, and technology transfer offices (TTOs). However, a
significant gap exists in the literature regarding CoLABS, a relatively new type of intermediary. This article addresses
this gap by examining the organizational role of CoLABs within the national R&I ecosystem and their impact on
knowledge co-creation between actors. Specifically, we investigate how CoLABs contribute to evolving policy
paradigms. Our research contributes to policy process literature by framing CoLABs as a tool that can shift the
understanding of publicly-funded intermediary infrastructures from mere scientific and technological services providers
to a collaborative knowledge development process, thereby fostering more diverse policy-science-industry interactions.

2-1-Challenges in Peripheral Economies

Peripheral economies, characterized by a focus on capability-building and transition, are heavily reliant on external
politico-economic environments. Specific knowledge generation and diffusion contexts in these economies can create
unique barriers to technology transfer that conventional policy approaches often fail to address, as observed in Central
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and Eastern European countries [26]. Portugal, as a small and peripheral economy with limited research and development
(R&D) capacity, faces challenges in fostering independent technological innovation [27]. Importantly, contrary to the
belief that there are too many PhDs, there is actually a shortage of doctorate holders in many sectors in Portugal. This
shortage is expected to worsen in the coming decades, highlighting the need for public policies to attract and retain PhDs
and involve them in the modernization of the economy [28]. The dual nature of the labor market, where both high and
low levels of education and skills can generate employability, the preference for public sector employment, and the slow
adoption of advanced technologies in the industry contribute to the low employment rate of PhDs in the private sector.
Also, the Portuguese socio-economic context, particularly during periods of crisis, further impacts innovation
development, with firms in less favorable circumstances experiencing compromised innovation and reduced future
confidence [29]. Moreover, in Portugal, EU structural funds are a primary source for R&I policy. However, the focus on
maximizing fund absorption (e.g., in the context of smart specialization strategies) as led to a short-term orientation in
the R&I institutional climate, potentially hindering strategic long-term impact. This reinforces the core-periphery
dynamic within the Portuguese context, necessitating targeted state intervention to address persistent structural issues.

The local context, encompassing national and regional environments, significantly influences sectoral patterns of
innovation and development [30]. Key challenges for peripheral economies include their basic R&I capabilities and the
nature of existing institutional structures and networks [30, 31]. These economies are typically in a ’catching-up’ phase
regarding technological advancements [32], characterized by a reliance on foreign technologies, associated learning
dynamics, and relatively limited local R&I efforts [33]. Consequently, R&I policies and public investments in these
countries are crucial not only for advancing basic research but also for facilitating the local adaptation and diffusion of
existing technologies [32]. While technology transfer policies in core European economies such as France and Germany
often emphasize developing intermediary institutions and direct, formal economic benefits [34], peripheral contexts face
different challenges. The most significant barriers to technology transfer and innovation in these contexts are linked to
the aforementioned availability and quality of human resources and knowledge, coupled with a general reluctance among
firms to collaborate with universities [35]. This highlights the need for tailored policy interventions that address these
specific constraints.

2-2-Collaborative Laboratories

The Triple and Quadruple Helix models view innovation as a complex interplay of actors involving linear and
nonlinear processes [36]. These collaborative networks require various intermediaries to function effectively. In Europe,
example Helix organizations include the VINN Excellence Centers in Sweden, the Fraunhofer-Gesellschaft (Fraunhofer
Society) in Germany, the Catapult Centers in the UK, and the CARO Centers in France. All have a public funding base
and are industry-co-funded. The Fraunhofer—Gesellschaft is Europe’s largest technology and innovation organization
[37]. Its institutes tend to be subject-specific, focus on core and enabling technologies, and are closely linked to academia
(typically, the head of a Fraunhofer Institute is an active professor at a local university). The success stories of Fraunhofer
Gesellschaft include the development of the MP3 player. Led by an academic, the Swedish VINN Excellence Centers
are multidisciplinary and typically involve 5-10 associates established within a research locus, usually a university. The
Catapult Centers are focused on late-stage R&D on specific topics (e.g., cell and gene therapy) and are led by a CEO
(not necessarily an academic). CAROs also focus on particular topics, such as new materials.

In Portugal, public funding supports R&I activities primarily conducted within R&I higher education institutions
(HEISs), public research laboratories, and private (non-for-profit) organizations that are part of the “National Science and
Technology System’. Currently, there are more than 300 R&I units formally recognized by FCT, some of which further
comprise ‘Associated Laboratories’ (45), ‘Technology and Innovation Centers’ (TICs, 31, including seven TCs), and
CoLABs (41). Associated Laboratories are top-tier R&I centers that address critical national challenges in science,
health, society, the environment, and the economy. TICs are committed to generating and sharing knowledge to create
economic value. They directly contribute to pursuing public policy objectives within the national or regional
specialization priority areas. In addition to TCs, TICs include Technology Transfer Centers and ‘Institutes of New
Technologies’. TCs collaborate closely with business associations and play a key role in promoting open innovation,
knowledge transfer, and networking [38]. They offer various services: R&D, analytical facilities, inspection and
certification, testbeds, business development advice and support, and training. TCs hold a distinct position as sector-
specific support structures, fueling technical and technological advancements across diverse industries. Previous
research has extensively explored the pivotal role of TCs in fostering innovation ecosystems [24]. Prior studies
acknowledge their key functions in facilitating knowledge transfer, bridging the gap between science and commercial
application, and acting as central hubs for collaborative R&D activities with technology-based firms [39].

CoLABs correspond to a new organizational form of ‘intermediary entities’ [12] implemented by ANI, backed by
evidence that knowledge and technology coproduction is an ideal model for effective collaboration between academic
researchers and industry partners [40], is key for sustainable long-term university-industry partnerships [41], and is
crucial for scaling up and implementing solutions to ‘grand challenges’ in real-world settings [42]. CoLABs are mostly
mission-oriented and focused on areas considered key to the national context (e.g., biodiversity and forest) and are
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geographically spread out. They have a different formal status, organizational make-up, thematic focus, and mission
than TICs such as TCs. Their primary objective is to promote the creation of highly qualified and scientific jobs
(internally and externally) by executing R&I agendas designed to create economic and social value. Currently, 639
highly qualified positions (32% PhDs) have been created by existing CoLABs. The Portuguese government has
financially supported them during their bootstrap period, directly (funding being provided, for example, for human
resources hiring and infrastructure capacitation) and indirectly (through public, open calls for proposals for collaborative
projects).

A key distinction between CoLABs and TCs lies in their operational mechanisms and governance structures,
representing a paradigm shift in the Portuguese R&I ecosystem. Unlike TCs, whose focal areas may be defined at the
policy-making level, CoLABs emerge from a bottom-up approach, where interested parties form a consortium and apply
for public bootstrap funding. CoLABs also possess an open formal status, allowing them to be established as either not-
for-profit organizations or firms, offering a flexible alternative or complement to conventional policy tools. In terms of
their financing, CoLABs utilize a distinct model based on equal shares of public base funding, competitive funding, and
private funding, which sets them apart from other intermediary organizations in Portugal. Operationally, CoLABs
prioritize the creation of flexible collaboration networks and broad knowledge co-production and dissemination. They
function as 'hub organizations' that orchestrate knowledge production and transfer across diverse networks of actors,
including universities and firms, leading to highly connected and diverse collaborations. In contrast, TCs are typically
sector-specific support structures focused primarily on technology development and transfer to industry, with their
associate structures being more industry-focused. This allows CoLABS to act as value-occupying orchestrators, taking a
hands-on approach to lead value creation and occupy a more central broker position within the value chain compared to
TCs, actively promoting collaborative knowledge development processes.

In sum, the literature suggests that science-industry interfaces in Portugal arise from a nuanced synthesis of universal
innovation models (such as university research laboratories, TTOs [43], science parks [44] and TCs [24]) and context-
sensitive adaptations driven by regional innovation dynamics (reflected in the thematic focus of each CoLAB),
institutional capacities (namely centered around HEIs [10]), or policy frameworks such as smart specialization strategies
that define specific topics/areas of interest [45].

2-3-Scientific Publications as Proxies for Knowledge Co-creation

Several researchers have suggested using scientific publications to assess industry—academy interactions as a proxy
for the research activities generated within R&I support infrastructures [46]. For example, Hung [47] examined the
public-private co-authorship of publications and patents by firms based at Hsinchu Science Park. He observed that the
collaboration between universities and industry exhibited consistent growth in terms of publications. Moreover, the
trends associated with patenting activity remained stable or showed signs of decline. In another example, Minguillo et
al. [48] studied whether scientific publications could prove that R&I support infrastructures in the UK (technology parks,
science parks, science and innovation centers, research parks, incubators, and other parks) successfully promote
scientific activity and cooperation among entities of different natures. They observed a systematic increase in R&D
activity starting in the 1990s, as indicated by publications from firms within research parks and research institutions.
Therefore, scientific publications were shown to be helpful as a proxy for scientific cooperation. HEIs were identified
as the primary external partners for businesses in the technology park. Nevertheless, contradictory studies can be found
in the literature. For example, Olmeda-Gémez et al. [49] reported that academic articles from collaborations between
universities and private enterprises appeared less visible in Spain than those published by other institutions.

2-4-Network Orchestration Theory

Network Orchestration Theory describes how a central organization, or orchestrator, intentionally manages and
guides a network to generate value [17]. It elucidates the processes by which an orchestrator constructs and manages a
cross-organizational network to achieve a collective goal [50]. The orchestrator leverages its central position to influence
and coordinate diverse resources and capabilities among network members [51].

Research on network orchestration has focused in particular on orchestration processes [52] and orchestrator roles
[53]. In innovation networks, the processes and practices performed by the orchestrator have been shown to impact its
position relative to other network members over time [54]. Hurmelinna-Laukkanen et al. [55] emphasize the importance
of tailoring orchestration strategies to different innovation networks to maximize their impact.

Research suggests that network orchestrators play a pivotal role in driving innovation. They initiate projects, select
network members, and manage the innovation process [56]. While knowledge sharing and network coordination are
common orchestrator roles, their responsibilities can vary over time and context [53]. In addition to these core functions,
orchestrators contribute to network stability, protect innovation investments, and facilitate knowledge exchange [57].
Additionally, they actively reshape the network to adapt to changing environments [58]. Prabowo [59] identified four
orchestrator roles in innovation networks: promoting entrepreneurship, knowledge activation, innovation intermediation,
and network leadership. Stahl et al. [60] reported that facilitating access to external resources and stimulating interactions
among innovation ecosystem participants are crucial roles of network orchestrators. Moradlou et al. [61] applied network
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orchestration theory to understand how innovation networks can bridge the gap between research and the market. Their
findings suggest that orchestrators are crucial in transforming intellectual property into a public asset that benefits
businesses. Xie et al. [17] explored how not-for-profit organizations can facilitate value creation in global innovation
networks. They identified three key orchestrator roles: network design, relationship management, and leadership.
Moreover, they found that successful orchestration in this context relies on trust, resource optimization, and adaptable
strategies. The network roles depend on the orchestrator type (e.g., ‘players’ vs. ‘nonplayers’, ‘facilitators’ vs.
‘sponsors’) [16]. For instance, a value-occupying orchestrator takes a hands-on approach, leading the network in value
creation. On the other hand, a value-independent orchestrator adopts a more supportive role, helping network members
identify innovation opportunities independently [53].

2-5-Social Network Analysis of Research and Innovation Networks

Social networks have been a focus of social science research for decades, but their application to understanding
research collaborations is a relatively recent development [62]. Nevertheless, it has proven to be a valuable tool when
analyzing the dynamics of R&I ecosystems [63].

SNA has been used to map actors and technologies within innovation ecosystems [18]. When applied to research
collaborations, SNA helps researchers understand network structure, actor roles, and knowledge flow [19]. Research has
shown that central actors are more likely to be innovative [64] and that network density and structural holes can positively
impact innovation [65]. SNA can help identify key actors within the network who act as ‘brokers’ by facilitating
communication and knowledge exchange between different groups. This can be particularly insightful in understanding
how collaborative R&I practices influence knowledge dissemination patterns. In addition to their role in social networks,
gatekeeper organizations within R&D ecosystems play crucial roles in information flow and performance evaluation
[66]. Research has also explored how network structure influences innovation, with studies examining the impact of
small-world networks on industry and university-industry collaboration [67]. Moreover, SNA has been applied to
analyze the role of technological districts in regional innovation [68] and the dynamic nature of innovation networks in
high-tech clusters [69].

3- Methods

The methodology process is represented schematically in Figure 1.
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A deductive, quantitative research approach was used to determine the cause—and—effect link grounded upon
assumptions of determination [22]. A multiple-case design was used within a single cross-sectional study, which implies
replication logic [70], where a case is treated as an idiosyncratic expression of the phenomenon under study. SNA takes
relationships among actors as the unit of analysis [71]. Purposive sampling was used to select CoLABs fully active for
at least three years and operating under ‘stable’ conditions (i.e. after an initial induction period of two years to build or
consolidate their infrastructure and to hire a core team of highly qualified human resources). This sampling method
enables the intentional selection of study cases that can offer valuable insights or distinct perspectives relevant to the
research problem [72].

Data on scientific publications were retrieved from Elsevier’s Scopus database (as of December 2022). We limited
our queries to encompass journals, book series, and conference proceedings, excluding editorials, errata, letters, and
notes. A parallel search strategy was employed in the Web of Science database (Clarivate) but it yielded fewer records,
all overlapping with the Scopus search results. Not all the authors mention their affiliation in the same way. Although
this was thoroughly considered, this search approach may not consider all the relevant publications. Research conducted
by individual departments, subunits, or corporate divisions was attributed to the parent organization. Research centers
affiliated with HEIs were treated separately to yield more detailed outcomes. When possible, name variations were also
considered in the case of firms.

The analysis of co-authored publications was complemented by data from the annual activity reports of the COLABs
and TCs (associates’ composition, collaborative R&I projects, submitted patents, hired human resources, and
dissemination actions). Altmetric data gathered citation information from alternative sources, searching for links and
references to published research (news, blogs, policy documents, patents, peer reviews, X, Facebook, Wikipedia, and
Reddit).

SNA was used to analyze the structure and dynamics of the knowledge creation and transfer networks driven by the
CoLABs and explore how knowledge flows between different actors. VOSviewer version 1.6 was used for network
visualization, and Gephi v0.10 and UCINET v6 were used to collect SNA metrics, namely, the number of nodes, number
of links, diameter, density, average geodesic distance, clustering coefficient, small-worldness, centralization, node
betweenness centrality, degree centrality, and closeness centrality.

Table 1 summarizes the thematic focus of the case studies. It can be observed that CoLABs have a diverse focus,
while TCs are centered around key industrial sectors.

Table 1. The thematic focus of the case studies

Thematic focus*

Case study
Collaborative Laboratories
+Atlantic Climate, space, and ocean (sustainable use of resources)
DTx Digital and communication systems (cyber-physical systems)
ForestWISE Biodiversity and forest (integrated forest and fire management)
GreenColab Climate, space, and ocean (macro- and microalgae)
Vines&Wines Agrifood (wine)
MORE Biodiversity and forest (mountain regions)

CATIM (1986)
CENTIMFE (1989)
CITEVE (1989)
CTCOR (2003)
CTCP (1986)
CTCV (1987)
CTIC (1994)

Technological Centers
Advanced manufacturing and sustainable production (metalworking industry)
Advanced manufacturing and sustainable production (tooling, plastics)
Materials processing (textiles)
Agrifood, biodiversity and forest (cork)
Materials processing (footwear)
Materials processing (ceramics)

Materials processing (leather)

* According to the ANI thematic areas classification (www.ani.pt)

With regard to the structure of associates, COLABs have diverse associate structures with significant representations
of HEIs, R&I organizations (e.g., R&D Labs, Interface Centers), and firms. In contrast, TCs are more industry-focused
(in addition to firms, sectoral associations, and public administration). COLABs are geographically distributed and play
key roles in regional dynamics, whereas TCs are located near industrial hubs. HEIs that are geographically or
thematically close are shared as CoLABs associates. Shared associates among TCs are essentially firms.
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4- Results
4-1- Case Study Outputs

Table 2 summarizes the information on the outputs collected from the Scopus database (scientific publications) and
ANI activity reports (the remaining data).

Table 2. Case study outputs from the Scopus database and ANI’s annual activity reports (2022)

HRs R&D HRs Papers Dissemination
(nr.) (% PhDs) (nr.) actions (nr.)

Collaborative Laboratories

MORE 42 21 21 56
+Atlantic 49 20 22 37
forestWISE 17 53 49 73
DTx 49 29 42 7
GreenColab 19 37 53 61
Vines&Wines 15 27 24 305

Technological Centers

CATIM 105 24 42 10
CENTIMFE 50 8 8 17
CITEVE 160 8 62 0
CTCOR 16 18 3 20
CTCP 60 14 27 43
CTCcVv 65 38 51 6
CTIC 26 14 14 18

Notes: HRs: full-time human resources; nr.: number

Considering their recent creation, CoLABs are relatively more productive in scientific publications than TCs. This
shows that scientists are progressively embracing knowledge coproduction at a faster pace in the context of CoLABs.
This is posited to have a contribution from 1) the representativeness of PhDs in their R&D workforce and 2) the different
vocations of CoLABs and TCs. On the one hand, PhDs represent 28% and 17% of the respective R&D workforces. On
the other hand, TCs are more focused on technology development and transfer to industry, which may inhibit wider
knowledge production. In fact, Hottenrott & Lawson [73] reported, in a study involving a sample of UK engineering
academics, that industry-led R&I (in our case, more significant in TCs than in CoLABSs) diminishes the additional
benefits of public funding by reducing the rate of increase in publications and citations typically associated with public
grants.

The number of dissemination actions (Table 2) is significantly greater for COLABs than for TCs. The dissemination
actions of project results are expected to represent a key output, namely, as the presence of non-academic partners (e.g.,
companies, associations, governmental agencies, etc.) increases. In alignment with the Mertonian view of science [74]
this is key to encouraging public discourse on scientific evidence with diverse audiences to facilitate broader societal
change [75]. For example, research by Fujitani et al. [76] indicates that direct engagement and interaction between
scientists and those who apply scientific findings are more effective for retaining knowledge and fostering the adoption
of sustainable practices than merely presenting information. This finding underscores the broader importance of
dissemination actions that build public confidence in research and enhances public engagement in science and innovation
[77]. Thus, CoLABs successfully meet the requirements for enhanced dissemination to society at large, which clearly
distinguishes these entities from other actors of the national R&I ecosystem, such as science and technology parks [78],
‘Associated Laboratories’ [79], and, as shown in our study, TCs.

The fraction of scientific publications with Altmetric mentions to the tracked outputs (Table 3) represented 86% and
51% for CoLABs and TCs, respectively. This suggests a potential gap between the public and the scientific content
produced by TCs and signals an opportunity to augment the dissemination and accessibility of produced knowledge to
the broader public. On the other hand, TCs’ papers are more frequently mentioned in patents than those emanating from
CoLABs. In addition to the shorter operation life of the analyzed CoLABs, this could indicate that the knowledge
produced by the TCs is more relevant to patenting activity than that produced by the CoLABs. A broader analysis
timeframe will be necessary to confirm this hypothesis. Papers from CoLABs have received more attention from policy
documents than those from TCs. This result highlights the greater relevance of the scientific knowledge produced by
CoLABs in shaping public policies than that produced by TCs.
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Table 3. Mentions to Altmetric tracked scientific outputs

Social media  News and blogs  Policy documents  Patents  Academic sources  Other sources
Collaborative Laboratories 881 46 6 3 6 5
Technological Centers 39 0 0 41 0 1

4-2- Co-authoring networks

Visualizing networks can uncover patterns and insights hidden in statistical data [80]. Figures 2 and 3 depict the
CoLAB and TC co-authoring networks, respectively. Both networks have well-defined communities. Both CoLABs and
TCs act as bridges between different parts of the network, facilitating knowledge exchange. HEIs and their R&D units
are the entities with the most significant ‘collaboration spaces’ with both CoLABs and TCs and include (but are not
limited to) their associates. This finding corroborates the findings of Minguillo et al. [48] relating to the importance of
HEIs for the scientific outputs of R&I collaborations
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Figure 3. TCs coauthoring network

The central position of HEIs and their R&D centers in co-authoring scientific publications, particularly within
Portugal's R&I networks, is believed to stem from several interconnected factors. Firstly, a significant reason is the
cultural gap between academia and industry in Portugal, which is closely tied to the consistently low representation of
highly qualified staff, such as PhD holders, within firms [81]. Despite the perceived abundance, Portugal actually faces
a shortage of doctorate holders in many sectors, a challenge that public policies need to address to attract, retain, and
integrate PhDs into the economy's modernization. This context often means that firms lack the internal scientific capacity
to engage in academic-level co-authorship. Secondly, firms tend to prioritize immediate commercial viability of research
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results, which may or may not be mediated by intellectual property protection mechanisms [82]. This focus means that
the research outcomes generated through collaboration with firms might not always be sufficiently systematic or
academically innovative to meet the rigorous publication standards of academic journals. This contrasts with the inherent
goal of HEIs to produce publishable, academically recognized research [83]. Thirdly, the central position of HEIs and
their R&D centers in co-authoring spaces is a common characteristic in networks involving public research organizations
[19, 84]. This reflects their foundational role in generating basic and applied knowledge that is often disseminated
through scientific publications.

The collaborative R&I activities generating scientific publications generally follow physical proximity. For example,
the collaboration space of the Vines&Wines CoLAB overlaps with that of the CITAB R&D center, both of which are
based in the same region. Additionally, CTCV has a close ‘collaboration space’ with the University of Coimbra, which
is geographically close to this TC. Often, the ‘collaboration spaces’ follow thematic proximity. For example, forestWISE
and GreenColLab (geographically distant) share a focus on biotechnology. Also, the space shared between CITEVE,
CTIC, and CTCP is posited to derive from the closeness of R&D topics involved in the leader, footwear, textile, and
clothing industries (CTIC being geographically distant).

4-3- Social Network Analysis

The analysis of social networks was performed at two levels [85]: i) the network level, i.e., at the level of the full
CoLAB and TC ecosystems (c.f. Figures 2 and 3), and ii) the node level, i.e., at the level of the individual organizational
networks (to assess the relative significance of nodes within the individual CoLAB and TC networks). The ecosystem
SNA metrics are shown in Table 4. The organizational SNA metrics for the CoLABs and TCs in their respective
individual networks are summarized in Tables 5 and 6, respectively.

Table 4. SNA metrics for ecosystems

CoLABs TCs
No. of nodes 257 185
No. of links 2098 1326
Diameter 5 4
Density 0.03 0.04
Average geodesic distance 2.85 2.70
Clustering coefficient 0.84 0.83
Small worldness 8.99 8.65
Centralization 0.366 0.384

Table 5. Average centrality metrics for individual CoLAB networks

MORE Vines&Wines DTx GreenColLab forestWISE +Atlantic Mean

Freeman node betweenness 2769 1789 3942 11943 4612 4218 4879
Freeman degree 24 33 38 101 63 36 49
Closeness 0.368 0.399 0.406 0.547 0.471 0.421 0.435

Table 6. Average centrality metrics for individual TC networks

CATIM  CTCV CITEVE CTCOR CENTIMFE CTIC CTCP Mean

Freeman node betweenness 2189 2382 7066 5 101 1600 1959 2186
Freeman degree 2 39 77 3 10 27 30 27
Closeness 0.427 0.451 0.590 0.370 0.400 0.451 0.493 0.455

Compared with TCs, CoLABs have more nodes and links, indicating a higher level of complexity, potentially greater
connectivity within the ecosystem, and a wider variety of actors [19]. A greater number of nodes implies a broader range
of activities and expertise within the ecosystem, which can benefit innovation by fostering cross-disciplinary
collaboration and knowledge exchange. In SNA, the diameter represents the longest path between any two nodes (actors)
in the network, meaning it takes more steps to connect the most distant participants. The greater diameter of the COLAB
network confirms a more diverse ecosystem with a broader range of actors and expertise [86]. A large, geographically
dispersed ecosystem, such as CoLABs, might naturally have a larger diameter than a smaller, localized ecosystem (such
as TCs). More links indicate more opportunities for collaboration and communication, which is crucial for successful
innovation. The connections within a network, particularly those found in CoLABs, are vital for enabling the smooth
and efficient circulation of knowledge, innovative ideas, and crucial resources throughout the entire ecosystem [19].
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This emphasis on creating and leveraging extensive, diverse connections allows CoLABs to move beyond mere scientific
and technological service provision towards a collaborative knowledge development process, fostering more dynamic
and effective interactions between science, industry, and society. The similar network density observed for CoLABs and
TCs suggests a comparable level of interconnectedness between the actors involved and a similar frequency of
interactions and collaborations between different actors [18].

CoLABs and TCs have similar average geodesic distances, suggesting a comparable level of separation between
actors within those ecosystems and a comparable efficiency in information dissemination [87]. Ideas and knowledge
might travel with similar steps between actors on average and comparable ease of establishing collaborations between
actors in both ecosystems. In SNA, a clustering coefficient measures the degree to which nodes (actors) in a network
tend to cluster together, forming tight-knit groups or "communities”. Similar network clustering coefficients suggest an
equivalent level of community formation within their corresponding ecosystems [88]. The high clustering coefficients
indicate strong connections and frequent community interactions, potentially fostering deep collaboration and knowledge
exchange within those groups. This means that actors within both CoLAB and TC networks tend to form strong
connections and engage in frequent interactions within these well-defined communities. As seen in their co-authoring
networks (Figures 1 and 2), both CoLABs and TCs show clear, distinct communities. This strong within-group
connectivity can foster deep collaboration and intensive knowledge exchange among members of these specific clusters.

CoLABs have greater small worldness, indicating that actors tend to form tight-knit communities where they are
well-connected and where information can still travel relatively efficiently between any two actors in the network [18].
Thus, CoLABs act as bridging actors that allow knowledge and collaboration to flow across the network [66]. Combining
solid communities and efficient information flow across the network can greatly benefit innovation. Ideas can be
developed within communities and shared more broadly, leading to cross-pollination and the potential for breakthroughs.
CoLABs have lower network centralization, indicating a more even distribution of connections [89]. Although CoLABs
act as bridges, actors can potentially interact and share knowledge more directly with each other. Thus, there might be
more opportunities for diverse partnerships and collaboration across different ecosystem parts.

Knowledge sharing and network location impact an organization’s innovative success [90]. Central positions within
an R&D network correlate with higher innovation rates [91]. Key individuals or departments can bridge different groups
within the network, facilitating knowledge exchange [18]. This is more evident for CoLABs (Table 6 vs. Table 5).
Additionally, CoLABs have a higher degree of centrality than TCs, i.e., they have more connections within their
individual networks. More connections can indicate greater potential influence within the network [18]. Thus, CoLABs
can potentially reach a larger audience and spread information or ideas more easily. Additionally, having many
connections can provide CoLABs with access to a wider range of information and resources within the network. CoLABs
and TCs have similar closeness centrality, suggesting they share some key characteristics in their network positions.
Both are positioned relatively centrally within the network [92]. They are not isolated on the fringes but have connections
that allow them to reach most other actors efficiently. Both can potentially access information from various parts of the
network with similar ease.

5- Discussion

The core-periphery dynamic in Portugal creates significant obstacles that demand strategic government intervention.
These obstacles, typical of peripheral economies, include established institutional frameworks and networks that hinder
development [30], limited access to skilled human capital, and a lack of effective collaboration between industry and
academia [35]. CoLABs are an innovative policy instrument designed to address these challenges, specifically by
executing collaborative R&I agendas aimed at creating economic and social value through the promotion of highly
qualified and scientific jobs.

CoLABs are effectively fulfilling their mandate by significantly enhancing knowledge co-production with a diverse
array of R&I ecosystem actors, both in terms of the sheer volume of output and the variety of participants involved, and
by demonstrably improving the diffusion of this knowledge through active dissemination efforts and engagement via
social media. This success is largely attributable to their unique organizational structure, specifically their associates'
makeup and the scientific qualifications of their workforce. The collaborative R&I activities generally follow physical
proximity, which supports the regional relevance of both CoLABs and TCs, contradicting the findings of Minguillo et
al. [48]. Establishing and propagating collaborative R&I centers involving science, industry, and government have
demonstrated their significance as key contributors to regional innovation systems [93]. In fact, geographic proximity
has been shown to be more beneficial for facilitating knowledge transfer than the size of an organization [94].This means
that how close collaborators are physically can be a more significant advantage for sharing knowledge effectively than
simply how large or small the organizations involved are.

Compared to more traditional science—industry interface set-ups, the knowledge production and transfer dynamics of
CoLABs present both opportunities and challenges. Analyzing this through a Network Orchestration lens highlights the
need for proactive policymaking to unlock their full potential. CoLAB's network boasts many actors (diverse expertise)
and a decentralized structure (encourages diverse collaborations). This fosters knowledge exchange and empowers
individual actors, potentially leading to unexpected breakthroughs. However, managing such a large network effectively
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requires orchestration strategies. CoLABs demonstrate efficient information flow within communities (strong clustering)
and, through them, act as ‘bridging actors’ (high betweenness centrality) [95]. The presence of a strong balance between
tightly-knit communities and efficient information flow throughout a network is essential for fostering both incremental
and radical innovation. This means that for an ecosystem to truly thrive innovatively, it needs two key elements to work
in harmony: strong communities (fostering incremental innovation), and efficient information flow (enabling radical
innovation). However, the network size can hinder communication and collaboration.

Network Orchestration Theory emphasizes identifying and empowering ‘bridging actors’ (orchestrators) to facilitate
collaboration across diverse communities. As hub organizations, CoLABs act as catalysts for value creation and
knowledge exchange within their networks. They achieve this by occupying a more central broker position than TCs
within the value chain and actively leading value-generating activities based on knowledge creation and transfer [53].
CoLABs naturally foster connections a the R&I ecosystem level and can play a critical role in managing complexity by
i) identifying and empowering actors with high betweenness and degree centrality to facilitate resource flow and
coordination; ii) optimizing communication channels and ensuring that critical nodes are well connected; iii) promoting
collaboration within communities while ensuring that they remain integrated into the broader network; and iv)
encouraging distributed problem-solving and innovation while designing governance mechanisms that support
decentralized decision-making and trust. By leveraging these strategies, CoLABs can enhance value creation, dynamic
adaptation, and overall network resilience, ultimately fostering groundbreaking innovation.

Nimble, focused intermediary entities can play a crucial role in aligning the availability of ideas and knowledge with
demand, fostering improved collaboration between science and industry. When considering establishing new
collaborative entities or reorganizing existing ones, policymakers should prioritize initiatives that are driven by
stakeholders, such as CoLABs. This recommendation is based on the observation that such initiatives tend to have a
higher likelihood of success and increased viability [96]. Additionally, Arnott et al. [97] identified a correlation between
the level of interaction between researchers and practitioners and the utilization of scientific knowledge. Stakeholder-
driven initiatives can potentiate this. Nevertheless, Arnott et al. [97] reported that not all research requires intensive
collaboration to be helpful, and not every collaborative research project leads to practical application.

Policymakers should also take into account certain concerns raised by academics when designing or restructuring
collaborative entities such as CoLABs. The increasing focus by policymakers and funders on the direct ‘serviceability
of science’. Academics are worried that this emphasis on immediate utility and practical application could potentially
reduce or ‘deplete’ funding available for ‘basic’ or fundamental research [98]. This implies a tension between research
driven by specific societal or economic problems and curiosity-driven inquiry that forms the bedrock of scientific
knowledge, regardless of its immediate applicability. Also, the contemporary idea that science achieves a greater impact
by engaging closely with non-scientists (such as industry, government, or the public) challenges a long-held belief within
the academic community. Traditionally, it was believed that science delivered the most significant benefits to society
when it operated with a certain degree of independence and autonomy [99]. This highlights a potential philosophical
conflict between fostering broad collaborations and maintaining scientific independence. Additionally, the risk of
overinvesting in new infrastructures should be considered carefully, as exemplified by the case of some science and
technology parks [100] and as alerted by the Catapult centers. Another possible obstacle to the evolution of new
coproduction paradigms is the substantial commitment of time and resources demanded from participants, as highlighted
by Lemos et al. [101]. This challenge may be further compounded by the limited expectations and weariness experienced
by non-researchers [102]. Policymakers, funders, and managers should consider all these aspects at CoLABSs to optimize
their impact on society.

From a theoretical point of view, our study contributes to tackling the lack of perspectives on policies to structure
university-industry collaboration in peripheral economies characterized by low levels of knowledge co-creation and
diffusion, and of human resources integration in the industry sector. In particular, in the light of the Network
Orchestration Theory, the processes by which CoLABs, as value-occupying hub organizations, promote cross-
organizational networks to achieve engaged and impactful university-industry interactions are elucidated. Thus, the
potential of emerging and alternative configurations within the Triple/Quadruple Helix model is illuminated.

Studying scientific collaboration networks helps policymakers identify areas where support is needed and where new
opportunities can be fostered [10]. Thus, from a practical standpoint, policymakers can use our study results to adapt
public policies to further tap into the potential of highly qualified human resources to promote more productive and
dynamic (regional) R&I ecosystems. The collected empirical evidence can potentially be used to consider the
aggregation of existing entities and/or the creation of new entities to achieve higher efficacy and efficiency in
competency transfer partnerships. Large, decentralized networks can be challenging to coordinate. Thus, the public
agencies promoting these partnerships and the CoLAB governance structure should develop strategies to facilitate
communication and collaboration across CoLABs ecosystem. Additionally, establishing a common vision for the
ecosystem and creating incentives for collaboration can encourage actors to work together toward more engaged and
impactful innovation.

As a limitation, this research might be biased towards the visibility of thematic areas with higher research and
scientific publication intensity. Future studies should explore indicators for knowledge and technology co-production
complementary to scientific publications and how CoLABs empower businesses and society to actively participate in
co-creating science and innovation.
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6- Conclusion

The nature of existing intermediary organizations and networks in peripheral economies is closely intertwined with
key barriers to technology transfer and innovation. These barriers include limitations in the availability and quality of
human resources and knowledge, further exacerbated by a general unwillingness of firms to collaborate with universities.
Through the lens of Network Orchestration Theory, we examine the role of the Portuguese CoLABs, a newly formed
type of university-industry interface organization rooted in the potential of highly qualified human resources, in fostering
knowledge coproduction between HEIs, industry, and other actors and its dissemination to society at large. Our findings
highlight the importance of thematically and organically flexible collaboration networks for addressing regional and
national priorities. This fosters broader engagement and output than traditional approaches do. In this context, CoLABs
act as ‘vectors of change’ by creating a critical mass of expertise to address complex challenges such as digital
transformation and green solutions.

Thus, we observe a cultural shift toward enhanced coproduction within CoLABS, with scientists increasingly
embracing this collaborative approach. The geographical spread of CoLABSs highlights their regional relevance, with
HEIs playing a central role in potentially shaping new regional dynamics. Compared with traditional TCs, CoLABs
engage in more public dissemination, social media outreach, and policy influence, suggesting a potentially broader
societal impact. Network Orchestration Theory reveals CoLABs as bridging, value-occupying orchestrators. They
lead value creation and promote collaboration within their networks. However, effective strategies are crucial for
managing these large, decentralized networks. COLAB networks exhibit characteristics conducive to enhanced
innovation, with high connectivity, diverse collaborations, and strong communities. This allows for both incremental
and radical innovation. Thus, CoLABs offer significant potential but require strategies to enhance communication
and coordination across their networks. Policymakers and CoLAB governance structures can use this evidence to
optimize the CoLAB ecosystem by leveraging the identified opportunities and mitigating potential challenges. In
particular, establishing a shared vision for the ecosystem, developing strategies to improve communication and
collaboration within the CoLAB network, and creating incentives encouraging actors to collaborate on impactful
innovations.

7- Declarations

7-1- Author Contributions

Conceptualization, J.S.; methodology, J.S.; validation, J.S. and A.B.; formal analysis, J.S. and A.B.; investigation,
J.S. and A.B.; resources, J.S.; data curation, J.S. and A.B.; writing—original draft preparation, J.S.; writing—review
and editing, J.S. and A.B.; supervision, J.S.; project administration, J.S. All authors have read and agreed to the published
version of the manuscript.
7-2-Data Availability Statement

The data presented in this study are available on request from the corresponding author.

7-3- Funding

This work was supported by national funds through FCT/MCTES (PIDDAC): CIMO UID/00690/2025
(10.54499/U1D/00690/2025) and UID/PRR/00690/2025 (10.54499/UID/PRR/00690/2025); SusTEC, LA/P/0007/2020
(DOI: 10.54499/LA/P/0007/2020).
7-4- Acknowledgements

The authors would like to acknowledge the support of Fundagdo para a Ciéncia e a Tecnologia.

7-5- Institutional Review Board Statement

Not applicable.

7-6- Informed Consent Statement

Not applicable.

7-7-Conflicts of Interest

The authors declare that there is no conflict of interest regarding the publication of this manuscript. In addition, the
ethical issues, including plagiarism, informed consent, misconduct, data fabrication and/or falsification, double
publication and/or submission, and redundancies have been completely observed by the authors.

Page | 2655



Emerging Science Journal | Vol. 9, No. 5

8- References

[1] Howlett, M. (2019). The Policy Design Primer: Choosing the Right Tools for the Job. Routledge, London, United kingdom.
d0i:10.4324/9780429401046.

[2] Capano, G., Pritoni, A., & Vicentini, G. (2020). Do policy instruments matter? Governments’ choice of policy mix and higher
education performance in Western Europe. Journal of Public Policy, 40(3), 375—401. doi:10.1017/S0143814X19000047.

[3] Koontz, T. M., & Thomas, C. W. (2012). Measuring the performance of public-private partnerships: A systematic method for
distinguishing outputs from outcomes. Public Performance & Management Review, 35(4), 769-786. doi:10.2753/PMR1530-
9576350410.

[4] Weaver, R. K. (2015). Getting People to Behave: Research Lessons for Policy Makers. Public Administration Review, 75(6),
806-816. doi:10.1111/puar.12412.

[5] Vedung, E. (1998). Policy instruments: Typologies and theories. Carrots, sticks and sermons, Routledge, Milton Park, United
Kingdom.

[6] Salamon, L.M. (2010). Third-Party Government. International Encyclopedia of Civil Society. Springer, New York, United States.
doi:10.1007/978-0-387-93996-4_129.

[7] Anrah, S. (2013). University-Industry Interorganisational Relationships for Technology/Knowledge Transfer: A Systematic
Literature Review. SSRN Electronic Journal, 1-34. doi:10.2139/ssrn.2241333.

[8] Camerani, R., Rotolo, D., & Grassano, N. (2018). Do Firms Publish? A Multi-Sectoral Analysis. SSRN Electronic Journal, SWPS
2018-21. doi:10.2139/ssrn.3276054.

[9] Cooke, P. (2002). Biotechnology clusters as regional, sectoral innovation systems. International Regional Science Review, 25(1),
8-37. doi:10.1177/016001760202500102.

[10] Gama, R., Barros, C., & Fernandes, R. (2018). Science Policy, R&D and Knowledge in Portugal: an Application of Social
Network Analysis. Journal of the Knowledge Economy, 9(2), 329-358. d0i:10.1007/s13132-017-0447-3.

[11] Thomas, A., & Paul, J. (2019). Knowledge transfer and innovation through university-industry partnership: an integrated
theoretical view. Knowledge Management Research & Practice, 17(4), 436—448. doi:10.1080/14778238.2018.1552485.

[12] de Wit-de Vries, E., Dolfsma, W. A., van der Windt, H. J., & Gerkema, M. P. (2019). Knowledge transfer in university—industry
research partnerships: a review. Journal of Technology Transfer, 44(4), 1236-1255. doi:10.1007/s10961-018-9660-x.

[13] Maresova, P., Stemberkova, R., & Fadeyi, O. (2019). Models, processes, and roles of universities in technology transfer
management: A systematic review. Administrative Sciences, 9(3), 67. doi:10.3390/admsci9030067.

[14] Schneider, F., Giger, M., Harari, N., Moser, S., Oberlack, C., Providoli, I., Schmid, L., Tribaldos, T., & Zimmermann, A. (2019).
Transdisciplinary co-production of knowledge and sustainability transformations: Three generic mechanisms of impact
generation. Environmental Science & Policy, 102, 26-35. doi:10.1016/j.envsci.2019.08.017.

[15] Bukhari, E., Dabic, M., Shifrer, D., Daim, T., & Meissner, D. (2021). Entrepreneurial university: The relationship between smart
specialization innovation strategies and university-region collaboration. Technology in Society, 65, 101560.
doi:10.1016/j.techsoc.2021.101560.

[16] Pikkarainen, M., Ervasti, M., Hurmelinna-Laukkanen, P., & Nétti, S. (2017). Orchestration Roles to Facilitate Networked
Innovation in a Healthcare Ecosystem. Technology Innovation Management Review, 7(9), 30—43. doi:10.22215/timreview/1104.

[17] Xie, H., Guo, M., & Yang, Y. (2024). Exploring the processes and mechanisms by which nonprofit organizations orchestrate
global innovation networks: A case study of the COVAX program. Heliyon, 10(5), 27098. doi:10.1016/j.heliyon.2024.e27098.

[18] Van Der Valk, T., & Gijsbers, G. (2010). The use of social network analysis in innovation studies: Mapping actors and
technologies. Innovation: Management, Policy & Practice, 12(1), 5-17. doi:10.5172/impp.12.1.5.

[19] Protogerou, A., Caloghirou, Y., & Siokas, E. (2013). Twenty-five years of science-industry collaboration: The emergence and
evolution of policy-driven research networks across Europe. Journal of Technology Transfer, 38(6), 873-895.
doi:10.1007/s10961-012-9278-3.

[20] Etzkowitz, H. (2008). The Triple Helix: University-Industry-Government Innovation in Action. Routledge, New York, United
States. doi:10.4324/9780203929605.

[21] Bandelow, N. C., Hornung, J., Schréder, 1., & Vogeler, C. S. (2022). Localities and infrastructures in science, technology, and
environmental policy making. Review of Policy Research, 39(2), 118-119. doi:10.1111/ropr.12471.

[22] Bell, E., Bryman, A., & Harley, B. (2018). Business Research Methods. Oxford University Press, Oxford, United Kingdom.

[23] Mazzucato, M. (2019). Governing missions in the European Union. European Commission, Brussels, Belgium

Page | 2656


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3276054
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3276054

Emerging Science Journal | Vol. 9, No. 5

[24] Stezano, F. (2018). The Role of Technology Centers as Intermediary Organizations Facilitating Links for Innovation: Four Cases
of Federal Technology Centers in Mexico. Review of Policy Research, 35(4), 642—666. doi:10.1111/ropr.12293.

[25] Doéme, V., Cycak, W., & Matus, K. J. (2025). Variations in innovation strategies for sustainable development: Sustainable
innovation policy instrument mixes of ten small OECD countries across five sectors. Research Policy, 54(6), 105234.
doi:10.1016/j.respol.2025.105234.

[26] Kirs, M., Lember, V., & Karo, E. (2021). Technology transfer in economic periphery: Emerging patterns and policy challenges.
Review of Policy Research, 38(6), 677—706. doi:10.1111/ropr.12437.

[27] Reis, A., Heitor, M., Amaral, M., & Mendonga, J. (2016). Revisiting industrial policy: Lessons learned from the establishment
of an automotive OEM in Portugal. Technological Forecasting and Social Change, 113, 195-205.
doi:10.1016/j.techfore.2016.04.006.

[28] Santos, J. M., Horta, H., & Heitor, M. (2016). Too many PhDs? An invalid argument for countries developing their scientific
and academic systems: The case of Portugal. Technological Forecasting and Social Change, 113, 352-362.
doi:10.1016/j.techfore.2015.12.013.

[29] Ferreira, A., & Teixeira, A. L. (2016). Intra- and extra-organisational foundations of innovation processes - The information and
communication technology sector under the crisis in Portugal. International Journal of Innovation Management, 20(6), 1650056.
doi:10.1142/S1363919616500560.

[30] Tédtling, F., & Trippl, M. (2005). One size fits all?: Towards a differentiated regional innovation policy approach. Research
Policy, 34(8), 1203-1219. doi:10.1016/j.respol.2005.01.018.

[31] Amante, S., & Rodrigues, H. (2025). Advancing internationalisation at the Polytechnic University of Viseu: Transforming
challenges into opportunities with short-term mobilities. Research in Globalization, 11, 100292. doi:10.1016/j.resglo.2025.100292.

[32] Liagouras, G. (2010). What can we learn from the failures of technology and innovation policies in the European periphery?
European Urban and Regional Studies, 17(3), 331-349. doi:10.1177/0969776409356214.

[33] Tiits, M., Kalvet, T., & Murk, I. (2015). Smart specialisation in cohesion economies. Journal of the Knowledge Economy, 6(2),
296-319. doi:10.1007/s13132-015-0239-6.

[34] Bozeman, B., Rimes, H., & Youtie, J. (2015). The evolving state-of-the-art in technology transfer research: Revisiting the
contingent effectiveness model. Research Policy, 44(1), 34-49. doi:10.1016/j.respol.2014.06.008.

[35] Blazek, J., & Csank, P. (2016). Can emerging regional innovation strategies in less developed European regions bridge the main
gaps in the innovation process? Environment and Planning C: Government and Policy, 34(6), 1095-1114.
doi:10.1177/0263774X15601680.

[36] Wei, S. X., Wang, H. Y., Deng, S., Wang, W., & Ye, F. Y. (2025). Measuring the university-industry-government relations
synthesized by the Triple Helix and the diversity. Journal of Informetrics, 19(3), 101686. doi:10.1016/j.j0i.2025.101686.

[37] Hepburn, N., & Wolfe, D. A. (2014). Technology and Innovation Centres: Lessons from Germany, the UK and the USA.
University of Toronto, Toronto, Canada.

[38] Ferreira, L., & Matias, R. (2021). Mapping Competences of the Technological Interface Centers to Support the Transition of
Portuguese Companies Toward the Circular Economy. Frontiers in Sustainability, 2. doi:10.3389/frsus.2021.739052.

[39] Steenhuis, H.-J., & Gray, D. O. (2006). Cooperative research and technology dynamics: the role of research strategy development
in NSF Science and Technology Centres. International Journal of Technology Transfer and Commercialisation, 5(1/2), 56.
doi:10.1504/ijttc.2006.008653.

[40] Cherney, A. (2015). Academic—industry collaborations and knowledge co-production in the social sciences. Journal of
Sociology, 51(4), 1003—1016. doi:10.1177/1440783313492237.

[41] Pinto, E. B., & Fernandes, G. (2021). Collaborative R&D the key cooperation domain for university-industry partnerships
sustainability - Position paper. Procedia Computer Science, 181, 102-109. doi:10.1016/j.procs.2021.01.109.

[42] Howard-Grenville, J., & Spengler, J. (2022). Surfing the Grand Challenges Wave in Management Scholarship: How Did We Get
Here, Where Are We Now, and What’S Next? Research in the Sociology of Organizations, 79, 279-295. doi:10.1108/S0733-
558X20220000079025.

[43] Mascarenhas, C., Marques, C. S. E., Galvdo, A. R., Carlucci, D., Falcdo, P. F., & Ferreira, F. A. F. (2019). Analyzing technology
transfer offices’ influence for entrepreneurial universities in Portugal. Management Decision, 57(12), 3473-3491.
doi:10.1108/MD-11-2018-1200.

[44] Vedovello, C. (2000). Science Parks and university-industry links: A comparative analysis between a British and a Portuguese
experience. International Journal of Services, Technology and Management, 1(4), 358-374. doi:10.1504/1JSTM.2000.001585.

Page | 2657



Emerging Science Journal | Vol. 9, No. 5

[45] Santos, A., Edwards, J., & Neto, P. (2023). Does Smart Specialisation improve any innovation subsidy effect on regional
productivity? The Portuguese case. European Planning Studies, 31(4), 758—779. doi:10.1080/09654313.2022.2073787.

[46] Gui, Q., Xu, W., Jiang, S., Yu, Z., & Guo, W. (2025). Unpacking the dynamics of international research collaboration network:
Structural effects and dyadic effects. Technology in Society, 82, 102954. doi:10.1016/j.techsoc.2025.102954.

[47] Hung, W. C. (2012). Measuring the use of public research in firm R&D in the Hsinchu Science Park. Scientometrics, 92(1), 63—
73. d0i:10.1007/s11192-012-0726-5.

[48] Minguillo, D., Tijssen, R., & Thelwall, M. (2015). Do science parks promote research and technology? A scientometric analysis
of the UK. Scientometrics, 102(1), 701-725. d0i:10.1007/s11192-014-1435-z.

[49] Olmeda-Gomez, C., Ovalle-Perandones, M. A., & de Moya-Anegon, F. (2015). Analysis of research collaboration between
universities and private companies in Spain based on joint scientific publications. Information Research, 20(4), 1-8.

[50] Paquin, R. L., & Howard-Grenville, J. (2013). Blind Dates and Arranged Marriages: Longitudinal Processes of Network
Orchestration. Organization Studies, 34(11), 1623-1653. doi:10.1177/0170840612470230.

[51] Wang, T., Zhao, X., & Wang, X. (2024). Making platform firms’ competitive advantage sustainable: The roles of network
orchestration  capabilities and  collaborative innovation. Journal of Business Research, 183, 114854,
doi:10.1016/j.jbusres.2024.114854.

[52] Rui, H., & Bruyaka, O. (2021). Strategic Network Orchestration in Emerging Markets: China’s Catch-up in the High-Speed
Train Industry. British Journal of Management, 32(1), 97-123. doi:10.1111/1467-8551.12457.

[53] Hurmelinna-Laukkanen, P., & Nétti, S. (2018). Orchestrator types, roles and capabilities — A framework for innovation networks.
Industrial Marketing Management, 74(October), 65-78. doi:10.1016/j.indmarman.2017.09.020.

[54] Schepis, D., Purchase, S., & Butler, B. (2021). Facilitating open innovation processes through network orchestration
mechanisms. Industrial Marketing Management, 93(January), 270-280. doi:10.1016/j.indmarman.2021.01.015.

[55] Hurmelinna-Laukkanen, P., Méller, K., & Natti, S. (2022). Orchestrating innovation networks: Alignment and orchestration
profile approach. Journal of Business Research, 140, 170-188. doi:10.1016/j.jbusres.2021.11.084.

[56] Batterink, M. H., Wubben, E. F. M., Klerkx, L., & Omta, S. W. F. (Onno). (2010). Orchestrating innovation networks: The case
of innovation brokers in the agri-food sector. Entrepreneurship & Regional Development, 22(1), 47-76.
doi:10.1080/08985620903220512.

[57] Dhanaraj, C., & Parkhe, A. (2006). Orchestrating innovation networks. Academy of Management Review, 31(3), 659-669.
doi:10.5465/amr.2006.21318923.

[58] Faccin, K., Wegner, D., & Balestrin, A. (2020). How to orchestrate R&D networks? The role of orchestration sub-processes and
collaborative practices over time. Creativity and Innovation Management, 29(1), 161-177. doi:10.1111/caim.12355.

[59] Prabowo, G. M., Priyono, A., Suhartini, & Hidayat, A. (2025). How to orchestrate participants of ecosystem to foster innovation:
an exploratory analysis on the network level. Kybernetes, 54(1), 203-222. doi:10.1108/K-03-2023-0501.

[60] Stahl, M., Zarco-Jasso, H., & Miralles-Torner, F. (2023). The role of innovation intermediaries in orchestrating innovation
networks. 2023 IEEE International Conference on Engineering, Technology and Innovation (ICE/ITMC), 1-11.
doi:10.1109/ice/itmc58018.2023.10332355.

[61] Moradlou, H., Roscoe, S., Reefke, H., & Handfield, R. (2024). Using not-for-profit innovation networks to transition new
technologies across the valley of death. International Journal of Operations and Production Management, 44(3), 591-616.
doi:10.1108/1JOPM-11-2022-0697.

[62] Woo, S. H., Kang, D. J., & Martin, S. (2013). Seaport Research: An Analysis of Research Collaboration using Social Network
Analysis. Transport Reviews, 33(4), 460-475. doi:10.1080/01441647.2013.786766.

[63] Cricchio, J., Barabuffi, S., Crupi, A., & Di Minin, A. (2025). China’s new knowledge brokers. A patent citations network analysis
of the artificial intelligence open innovation ecosystem. Journal of Engineering and Technology Management, 76(March),
101870. doi:10.1016/j.jengtecman.2025.101870.

[64] Gilsing, V., Nooteboom, B., Vanhaverbeke, W., Duysters, G., & van den Oord, A. (2008). Network embeddedness and the
exploration of novel technologies: Technological distance, betweenness centrality and density. Research Policy, 37(10), 1717—
1731. d0i:10.1016/j.respol.2008.08.010.

[65] Burt, R. S. (2004). Structural holes and good ideas. American Journal of Sociology, 110(2), 349-399. d0i:10.1086/421787.

[66] Hung, C. L., Kuo, S. J., & Dong, T. P. (2013). The relationship between team communication, structure, and academic R&D
performance: Empirical evidence of the national telecommunication program in Taiwan. R and D Management, 43(2), 121-135.
doi:10.1111/radm.12004.

Page | 2658



Emerging Science Journal | Vol. 9, No. 5

[67] Guan, J., & Zhao, Q. (2013). The impact of university-industry collaboration networks on innovation in Nano
biopharmaceuticals. Technological Forecasting and Social Change, 80(7), 1271-1286. doi:10.1016/j.techfore.2012.11.013.

[68] De ludicibus, A., Prota, L., & Savoia, F. (2025). Assessing the role of technological districts in regional innovation policies: a
network analysis of collaborative R&D projects. Journal of Technology Transfer, 50(1), 62-95. doi:10.1007/s10961-024-10088-4.

[69] Topfer, S., Cantner, U., & Graf, H. (2019). Structural dynamics of innovation networks in German Leading-Edge Clusters.
Journal of Technology Transfer, 44(6), 1816-1839. doi:10.1007/s10961-017-9642-4.

[70] Hollweck, T. (2015). Robert K. Yin. (2014). Case Study Research Design and Methods (5th ed.). Canadian Journal of Program
Evaluation, 30(1), 108-110. doi:10.3138/cjpe.30.1.108.

[71] Kurt, Y., & Kurt, M. (2020). Social network analysis in international business research: An assessment of the current state of
play and future research directions. International Business Review, 29(2), 101633. doi:10.1016/j.ibusrev.2019.101633.

[72] Tongco, M. D. C. (2007). Purposive sampling as a tool for informant selection. Ethnobotany Research and Applications, 5, 147—
158. doi:10.17348/era.5.0.147-158.

[73] Hottenrott, H., & Lawson, C. (2017). Fishing for complementarities: Research grants and research productivity. International
Journal of Industrial Organization, 51, 1-38. doi:10.1016/j.ijindorg.2016.12.004.

[74] Richardson, A. (2004). Robert K. Merton and philosophy of science. Social Studies of Science, 34(6), 855-858.
doi:10.1177/0306312704042086.

[75] Ruiz-Eugenio, L., Tellado, 1., Valls-Carol, R., & Gairal-Casadd, R. (2023). Dialogic popular education in Spain and its impact
on society, educational and social theory, and European research. European Journal for Research on the Education and Learning
of Adults, 14(1), 47-61. doi:10.3384/rela.2000-7426.4325.

[76] Marin-Gonzélez, E., Malmusi, D., Camprubi, L., & Borrell, C. (2017). The Role of Dissemination as a Fundamental Part of a
Research Project: Lessons Learned from SOPHIE. International Journal of Health Services, 47(2), 258-276.
doi:10.1177/0020731416676227.

[77] Fujitani, M., McFall, A., Randler, C., & Arlinghaus, R. (2017). Participatory adaptive management leads to environmental
learning outcomes extending beyond the sphere of science. Science Advances, 3(6), €1602516. doi:10.1126/sciadv.1602516.

[78] Ratinho, T., & Henriques, E. (2010). The role of science parks and business incubators in converging countries: Evidence from
Portugal. Technovation, 30(4), 278-290. doi:10.1016/j.technovation.2009.09.002.

[79] Branco Sousa, S. (2023). Discourses on Research and Researchers: The Case of Portuguese Associated Laboratories. Przeglad
Badan Edukacyjnych, 2(40), 77-87. doi:10.12775/pbe.2022.019.

[80] Luke, D. A., & Harris, J. K. (2007). Network analysis in public health: History, methods, and applications. Annual Review of
Public Health, 28, 69-93. doi:10.1146/annurev.publhealth.28.021406.144132.

[81] Boulos, A. (2016). The labour market relevance of PhDs: an issue for academic research and policy-makers. Studies in Higher
Education, 41(5), 901-913. doi:10.1080/03075079.2016.1147719.

[82] Banal-Estafiol, A., Jofre-Bonet, M., & Lawson, C. (2015). The double-edged sword of industry collaboration: Evidence from
engineering academics in the UK. Research Policy, 44(6), 1160-1175. doi:10.1016/j.respol.2015.02.006.

[83] Rantala, T., Ukko, J., & Saunila, M. (2021). The Role of Performance Measurement in University-Industry Collaboration
Projects as a Part of Managing Triple Helix Operations. Triple Helix, 8(3), 405-444. doi:10.1163/21971927-bjal0011.

[84] Minguillo, D., & Thelwall, M. (2012). Mapping the network structure of science parks. Aslib Proceedings, 64(4), 332-357.
doi:10.1108/00012531211244716.

[85] Borgatti, S. P., & Li, X. (2009). On social network analysis in a supply chain context. Journal of Supply Chain Management,
45(2), 5-22. d0i:10.1111/j.1745-493X.2009.03166.x.

[86] Godley, J., Sharkey, K. a, & Weiss, S. (2013). Networks of Neuroscientists : Professional Interactions within an Interdisciplinary
Brain Research Institute. Journal of Research Administration, 44(2), 94-123.

[87] Romero, F. C. (2018). Social Network Analysis and the Study of University Industry Relations. Advanced Methodologies and
Technologies in Media and Communications, IGI Global, Hershey, United States. doi:10.4018/978-1-5225-7601-3.ch044.

[88] Steelman, T., Bogdan, A., Mantyka-Pringle, C., Bradford, L., Reed, M. G., Baines, S., Fresque-Baxter, J., Jardine, T., Shantz,
S., Abu, R., Staples, K., Andrews, E., Bharadwaj, L., Strickert, G., Jones, P., Lindenschmidt, K., & Poelzer, G. (2021). Evaluating
transdisciplinary research practices: insights from social network analysis. Sustainability Science, 16(2), 631-645.
doi:10.1007/s11625-020-00901-y.

[89] Bento, A. I., Cruz, C., Fernandes, G., & Ferreira, L. M. D. F. (2024). Social Network Analysis: Applications and New Metrics
for Supply Chain Management—A Literature Review. Logistics, 8(1), 15. doi:10.3390/logistics8010015.

Page | 2659



Emerging Science Journal | Vol. 9, No. 5

[90] Chiu, Y. T. H. (2009). How network competence and network location influence innovation performance. Journal of Business
and Industrial Marketing, 24(1), 46-55. doi:10.1108/08858620910923694.

[91] Tsai, W. (2001). Knowledge transfer in intraorganizational networks: Effects of network position and absorptive capacity on
business unit innovation and performance. Academy of Management Journal, 44(5), 996—1004. doi:10.2307/3069443.

[92] Strotebeck, F. (2014). Running with the pack? The role of Universities of applied science in a German research network. Review
of Regional Research, 34(2), 139-156. doi:10.1007/s10037-014-0090-4.

[93] Giachi, S., & Fernandez-Esquinas, M. (2018). Organisational innovations for science-industry interactions: The emergence of
collaborative research centres in Spanish regional innovation systems. Advances in Spatial Science, August, 151-170.
doi:10.1007/978-3-319-95135-5_8.

[94] Mattsson, P., Laget, P., Vindefjard, A. N., & Sundberg, C. J. (2010). What do European research collaboration networks in life
sciences look like? Research Evaluation, 19(5), 373-384. doi:10.3152/095820210X12809191250924.

[95] Uddin, S. (2017). Social network analysis in project management - A case study of analysing stakeholder networks. Journal of
Modern Project Management, 5(1), 106-113. doi:10.19255/JMPM01310.

[96] Kroll, H. (2016). Supporting new strategic models of science-industry R&D collaboration: A review of global experiences.
Working Papers Firms and Region, No. R2/2016, Fraunhofer Institute for Systems and Innovation Research ISI, Karlsruhe,
Germany.

[97] Arnott, J. C., Neuenfeldt, R. J., & Lemos, M. C. (2020). Co-producing science for sustainability: Can funding change knowledge
use? Global Environmental Change, 60, 101979. doi:10.1016/j.gloenvcha.2019.101979.

[98] Flexner, A. (2017). The Usefulness of Useless Knowledge. Princeton University Press, Princeton, United States.
doi:10.1515/9781400884629.

[99] Resnik, D. B. (2008). Scientific Autonomy and Public Oversight. Episteme, 5(2), 220-238. doi:10.3366/e1742360008000336.

[100] Correa, P., & Zuniga, P. (2013). Public policies to foster knowledge transfer from public research organizations. Innovation,
Technology and Entrepreneurship Global Practice, 90534, 1-28.

[101] Lemos, M. C., Kirchhoff, C. J., Kalafatis, S. E., Scavia, D., & Rood, R. B. (2014). Moving climate information off the shelf:
Boundary chains and the role of risas as adaptive organizations. Weather, Climate, and Society, 6(2), 273-285.
doi:10.1175/WCAS-D-13-00044.1.

[102] Newton, A., & Elliott, M. (2016). A Typology of Stakeholders and Guidelines for Engagement in Transdisciplinary,
Participatory Processes. Frontiers in Marine Science, 3. doi:10.3389/fmars.2016.00230.

Page | 2660



