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Abstract

Innovation ecosystems are recognized as drivers of regional development and technological
transformation, yet empirical studies remain concentrated in metropolitan areas, limiting
the understanding of emerging agroindustrial territories. This study examines the
innovation ecosystem of Rio Verde (Brazil), highlighting how structural configurations
and functional asymmetries influence collaboration and distributed innovation outcomes.
Grounded in the Regional Innovation System perspective and the Six-Helix model, an
exploratory survey was conducted with 41 actors through a digital mapping platform.
Results reveal institutional diversity and strong willingness to collaborate, but innovation
capabilities and outputs remain concentrated in a few central organizations, while
funding and coordination mechanisms are weak. The study refines the concept of
the collaboration paradox—high engagement without broad diffusion of results—and
demonstrates the methodological value of combining digital ecosystem mapping with the
Six-Helix framework. Practically, it suggests that regional policies should move beyond
stimulating collaboration to prioritize funding, institutional coordination, and the diffusion
of innovation capabilities across emerging agroindustrial ecosystems.

Keywords: innovation ecosystems; regional innovation systems; six-helix model;
collaboration paradox; agroindustrial regions

1. Introduction
Innovation is increasingly understood as an ecosystem phenomenon rather than

the outcome of isolated organizational efforts. As technological complexity, knowledge
specialization, and interorganizational interdependence intensify, the capacity of regions
to innovate depends on coordinated interactions among heterogeneous actors who can
create, share, and combine complementary knowledge and resources. This perspective
has established innovation ecosystems as one of the dominant analytical frameworks
for understanding regional competitiveness and innovation dynamics, emphasizing that
value creation emerges from collaborative relationships involving firms, universities,
governments, intermediary organizations, financial institutions, and innovation support
environments rather than from individual organizations acting independently (Moore,
1993; Adner, 2006; Russell & Smorodinskaya, 2018; Rong et al., 2020). Recent studies further
argue that ecosystem evolution depends not only on the existence of these actors but
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also on the quality of knowledge flows, the complementarity of ecosystem functions, and
the governance mechanisms that enable collaboration to generate collective innovation
outcomes (Nan & Huang, 2024; Da Silva Rabelo Neto et al., 2024; Pang et al., 2026).

Despite the rapid expansion of innovation ecosystem research, important theoretical
and empirical questions remain unresolved. Most existing studies have focused on
metropolitan regions, high-technology clusters, and mature innovation ecosystems
characterized by diversified knowledge bases, dense institutional infrastructures, and
relatively abundant financial resources (Stam, 2015; Rong et al., 2020; Topoleva, 2024).
Consequently, current theoretical explanations have largely been developed in contexts
where ecosystem functions are relatively consolidated and institutional coordination
mechanisms are well established. Comparatively less attention has been devoted to
understanding how innovation ecosystems evolve in medium-sized, non-metropolitan
regions of emerging economies, where productive specialization, institutional asymmetries,
uneven resource distribution, and incomplete support structures frequently shape
innovation dynamics (Thomas et al., 2020; Boru et al., 2025; Bravaglieri et al., 2025).

This limitation is particularly significant in agro-industrial regions. Unlike diversified
metropolitan innovation hubs, agro-industrial ecosystems are strongly embedded in
territorial production systems and involve complex interactions among producers,
cooperatives, agro-industries, universities, research institutes, extension services, technology
firms, financial organizations, innovation habitats, and multiple levels of government. Their
innovation processes are simultaneously influenced by technological advances—including
digital agriculture, biotechnology, automation, artificial intelligence, traceability, and
data-driven decision-making—and by structural constraints such as long production
cycles, infrastructure limitations, restricted access to financial resources, and heterogeneous
institutional capacities (Pigford et al., 2018; Bowman & Chisoro, 2024; Xie et al., 2025;
Ashinova et al., 2025). These characteristics make agro-industrial regions particularly
well-suited to examining how collaborative structures influence the generation and
diffusion of innovation among heterogeneous actors.

Although collaboration is widely recognized as one of the defining characteristics of
innovation ecosystems, the relationship between collaboration and innovation performance
remains less straightforward than often assumed. Ecosystem research generally associates
dense interaction networks, knowledge sharing, and collaborative partnerships with
superior innovation capacity because these relationships facilitate learning, reduce
uncertainty, and enable the mobilization of complementary resources (Powell & Grodal,
2005; Stam & Spigel, 2018). However, emerging evidence suggests that high levels of
interaction do not necessarily produce distributed innovation outcomes. Ecosystems may
exhibit active collaboration while simultaneously maintaining strong asymmetries in
knowledge diffusion, resource allocation, governance capacity, and innovation performance
(Nan & Huang, 2024; Serrano et al., 2025; Helman, 2025). Consequently, relational density
alone should not be interpreted as a reliable indicator of ecosystem maturity.

To address this theoretical tension, this study introduces the concept of the collaboration
paradox. Rather than treating collaboration as an inherently positive indicator of ecosystem
performance, the collaboration paradox describes a specific ecosystem configuration in
which intensive collaborative engagement coexists with a limited capacity to transform
relational capital into broadly distributed innovation outcomes. The paradox is therefore
distinct from institutional asymmetry, governance failure, or structural imbalance. These
conditions may contribute to its emergence, but they do not fully explain why ecosystems
characterized by active collaboration frequently concentrate innovation capabilities,
strategic resources, and innovation outputs within a restricted group of organizations. By
focusing on this mismatch, the collaboration paradox shifts analytical attention from
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whether collaboration exists to how collaborative relationships are converted into
innovation capabilities across the ecosystem (Sultana & Turkina, 2023; Jütting, 2024; Da
Silva Rabelo Neto et al., 2024).

However, the empirical setting of this study is the innovation ecosystem of Rio Verde,
Goiás, Brazil, a medium-sized agroindustrial region characterized by strong productive
specialization and an expanding network of innovation-support organizations. Using
data collected from 41 ecosystem actors through a digital ecosystem mapping platform
and analyzed within the Six-Helix framework, the study examines how institutional
composition, collaboration patterns, and functional asymmetries shape innovation
dynamics in an emerging regional ecosystem.

Beyond its theoretical contribution, this study also provides practical insights for
firms, startups, universities, research organizations, innovation intermediaries, business
associations, and public agencies involved in regional innovation ecosystems. By identifying
structural asymmetries, collaboration patterns, and functional gaps, the proposed
framework can help ecosystem actors strengthen partnerships, improve coordination,
prioritize investments, and design governance strategies that foster more balanced
innovation ecosystems.

The remainder of the article is organized as follows. Section 2 presents the theoretical
framework, discussing innovation ecosystems, regional innovation systems, functional
diversity, Six-Helix structures, and the collaboration paradox. Section 3 describes the
empirical context of Rio Verde and its agroindustrial relevance. Section 4 presents the
materials and methods, including data collection, platform design, actor identification, and
analytical procedures. Section 5 reports the results of the ecosystem mapping. Section 6
discusses the theoretical and practical implications of the findings. Finally, Section 7 presents
the conclusions, limitations, and directions for future research.

2. Theoretical Framework
2.1. Innovation Ecosystems, Regional Innovation Systems, and Emerging Agroindustrial Regions

Innovation is increasingly understood as a systemic and relational process shaped by
interactions among heterogeneous actors embedded in specific institutional and territorial
contexts. The foundational literature on innovation systems has shown that technological
development depends not only on firms’ internal capabilities, but also on institutions, public
policies, knowledge circulation, and learning processes distributed across organizations
(Freeman, 1987; Lundvall, 1992; Nelson, 1993). This systemic perspective later evolved
toward the regional scale through the Regional Innovation System (RIS) approach, which
emphasizes that proximity, institutional arrangements, territorial learning, and localized
knowledge flows influence innovation dynamics (Cooke, 2008; Asheim & Gertler, 2005;
Doloreux & Parto, 2005).

The innovation ecosystem perspective complements the RIS literature by emphasizing
the interdependence among actors that jointly contribute to value creation, technological
development, and innovation diffusion. The ecosystem concept, initially advanced by
Moore (1993) and later refined by Adner (2006), highlights that innovation depends on
coordinated arrangements among organizations with distinct but complementary roles. In
this sense, ecosystems are not merely agglomerations of firms and institutions, but relational
structures in which knowledge, resources, capabilities, and expectations are coordinated
around innovation processes (Tsujimoto et al., 2018; Dedehayir et al., 2018).

Recent ecosystem scholarship has reinforced the need to move beyond broad
descriptions of actors and networks toward a clearer understanding of the mechanisms
through which ecosystems evolve and generate outcomes. Stam and Van de Ven (2021),
for example, argue that ecosystem performance depends on the articulation of multiple
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interdependent elements, including institutions, networks, leadership, talent, knowledge,
and financial capital. Similarly, Wurth et al. (2022) emphasize that ecosystem research still
requires stronger theoretical explanations of the mechanisms connecting actors, structures,
and outcomes. This debate is particularly relevant for emerging regions, where institutional
conditions, resource availability, and coordination capacities differ substantially from those
observed in mature metropolitan innovation hubs (Goletsis et al., 2024; Tskhadadze, 2026).

Although the literature has advanced our understanding of entrepreneurial and
innovation ecosystems, studies remain more concentrated in developed, urban, and
technologically dense regions. Emerging agroindustrial territories require a more specific
analytical approach because productive specialization, long value chains, territorial
dependence, logistical conditions, climatic factors, and uneven access to technological
and financial resources shape their innovation dynamics. In these contexts, innovation may
involve research and development, digital agriculture, biotechnology, process improvement,
logistics, traceability, sustainability practices, organizational innovation, and new market
arrangements. Therefore, agroindustrial ecosystems should be analyzed not only for the
presence of collaboration but also for the distribution of innovation capabilities across
different types of actors (Bravaglieri et al., 2025; Bowman & Chisoro, 2024).

This distinction is important because agroindustrial regions may combine strong
productive capacity with incomplete innovation structures. Producers, cooperatives,
agroindustries, input suppliers, research institutions, government agencies, innovation
habitats, investors, and anchor firms may interact in the same territory. However,
their access to knowledge, funding, infrastructure, and decision-making power is often
uneven. As a result, the existence of an active ecosystem does not necessarily imply
that innovation capabilities are broadly distributed or that collaborative relationships
are converted into systemic innovation outcomes (Rock et al., 2026).

2.2. Functional Diversity, Six-Helix Structures, and Structural Asymmetries

The increasing complexity of innovation dynamics has intensified the need for
analytical frameworks capable of capturing not only interactions among actors but also the
functional diversity that sustains innovation ecosystems. While traditional innovation
system approaches emphasized institutional relationships and knowledge exchange,
more recent studies argue that ecosystem performance depends on the presence and
articulation of complementary functions, such as knowledge production, entrepreneurial
activity, coordination, financing, infrastructure, regulation, market access, and technological
experimentation (Autio & Thomas, 2014; Stam, 2015; Stam & Van de Ven, 2021).

This functional perspective is relevant because ecosystems may exhibit high levels of
interaction yet lack key structural conditions for the diffusion of innovation. For example,
a region may have firms, universities, and government agencies that interact frequently,
yet still exhibit weak funding mechanisms, limited innovation ecosystems, low absorptive
capacity among smaller actors, or excessive dependence on a few central organizations. In
such cases, relational connectivity may create the appearance of ecosystem dynamism,
while functional gaps continue to restrict the distribution of innovation outcomes.

Helix-based models provide useful analytical tools for examining these relationships.
The Triple Helix model proposed by Etzkowitz and Leydesdorff (2000) emphasized the
interaction among university, industry, and government as a basis for knowledge-based
innovation. The Quadruple Helix expanded this perspective by incorporating civil society
and media as relevant dimensions of knowledge production and social innovation, while
the Quintuple Helix added environmental and sustainability concerns to the dynamics
of innovation (Carayannis & Campbell, 2009; Carayannis et al., 2012). These models
contributed to the understanding of innovation as an interactive, multi-actor process.

https://doi.org/10.3390/admsci16080354

https://doi.org/10.3390/admsci16080354


Adm. Sci. 2026, 16, 354 5 of 27

However, emerging regional ecosystems often require a more detailed functional
reading. The Six-Helix approach, grounded in the analysis of knowledge flows in regional
innovation systems proposed by Labiak Junior (2012) and later applied by Colini et al.
(2018), distinguishes six complementary groups of actors: business actors, knowledge
actors, government actors, funding actors, innovation habitats, and institutional actors. This
model is useful because it separates functions that may be aggregated or hidden in
broader helix approaches, especially the roles of funding actors, innovation habitats, and
institutional coordination bodies.

Each helix contributes differently to ecosystem functioning. Business actors transform
knowledge into products, services, processes, and market solutions. Knowledge actors
generate, adapt, and disseminate scientific and technical knowledge. Government actors
create policies, regulations, incentives, and institutional support conditions. Funding actors
reduce uncertainty and enable experimentation, scaling, and technological development.
Innovation habitats provide spaces, programs, infrastructure, mentoring, and connections
that support entrepreneurship and collaborative experimentation. Institutional actors
contribute to articulation, representation, coordination, and the stabilization of collective
agendas (Helman, 2025).

The complementarity among these functions is central to ecosystem development.
When one or more functions are absent, weak, or concentrated in a limited number of
organizations, the ecosystem may experience structural asymmetries. These asymmetries
do not refer only to the unequal number of actors across categories, but to the unequal
distribution of capabilities, resources, coordination power, and innovation outputs. In this
sense, a structurally diverse ecosystem may still be functionally imbalanced if innovation
activities, funding, and strategic coordination remain concentrated in a restricted group of
actors (Rabelo Neto et al., 2026).

2.3. Collaboration, Interaction, and Structural Imbalances in Innovation Ecosystems

Collaboration occupies a central position in the literature on innovation ecosystems
and regional innovation systems. Collaborative relationships are commonly associated
with knowledge circulation, collective learning, uncertainty reduction, and regional
competitiveness (Powell & Grodal, 2005; Stam & Spigel, 2018). From this perspective,
interaction density and network connectivity are often interpreted as indicators of
ecosystem vitality and potential innovation performance. However, recent ecosystem
studies have questioned the assumption that collaboration automatically produces stronger
or more distributed innovation outcomes (Autio et al., 2014; Stam & Van de Ven, 2021;
Wurth et al., 2022).

This critique is especially relevant in emerging agroindustrial ecosystems. In these
contexts, actors may express a high willingness to collaborate. They may maintain
visible networks of interaction, but innovation outcomes may remain concentrated
among organizations with greater technological, financial, managerial, or institutional
capacity. Therefore, collaboration may be present as relational engagement without
necessarily becoming a mechanism for distributed innovation. This gap between
collaborative intensity and distributed outcomes is the core of what this study conceptualizes
as the collaboration paradox (Xie et al., 2025).

The collaboration paradox differs from institutional asymmetry, structural imbalance,
and innovation system failure. Institutional asymmetry refers to unequal capacities,
legitimacy, resources, or influence among actors. Structural imbalance refers to the uneven
presence or weakness of specific ecosystem functions, such as funding, coordination, or
innovation habitats. Innovation system failure refers to barriers that prevent systems
from performing innovation functions effectively, including weak institutions, missing
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capabilities, or coordination failures. All these conditions may influence the collaboration
paradox. However, it refers to a more specific configuration: the coexistence of active
collaboration or strong collaborative willingness with limited conversion of relational
capital into distributed innovation capabilities and outcomes (Serrano et al., 2025).

This distinction strengthens the study’s theoretical contribution by shifting the
analytical focus from whether actors collaborate to how collaboration translates into
innovation outcomes across the ecosystem. A network may be dense, active, or institutionally
diverse and still reproduce concentration if the resources needed for innovation remain
controlled by a few central actors. In this sense, collaboration becomes paradoxical when it
signals ecosystem vitality at the relational level but fails to produce an equivalent diffusion
of innovation capabilities at the functional and structural levels (Irwin et al., 2025).

In agroindustrial regions, this paradox may be intensified by the characteristics of the
productive system. Long value chains, dependence on anchor firms, uneven access to digital
technologies, concentration of technical knowledge, logistical constraints, and the strategic
role of funding and public policy may create conditions in which collaboration is necessary
but insufficient. Interaction among producers, cooperatives, firms, research institutions,
public organizations, and support entities can generate learning opportunities. However,
the effective dissemination of innovation depends on actors’ access to financial resources,
absorptive capacity, technical support, infrastructure, and coordination mechanisms
(Huma et al., 2024).

Therefore, the collaboration paradox offers an analytical lens for understanding
why emerging ecosystems may appear collaborative yet exhibit limited performance
in distributed innovation. It does not reject the importance of collaboration. Instead, it
argues that collaboration should be analyzed together with functional balance, institutional
coordination, funding structures, and the distribution of innovation capabilities. This
perspective is particularly useful for examining agroindustrial ecosystems, where strong
productive specialization and active networks may coexist with structural bottlenecks that
restrict the diffusion of innovation outcomes (Bravaglieri et al., 2025).

Based on this theoretical synthesis, the study understands the collaboration paradox
as a configuration in which high collaborative engagement coexists with structural
and functional conditions that limit the conversion of relational capital into distributed
innovation outcomes.

This theoretical discussion highlights a central gap in the literature. Although
collaboration is widely recognized as a key dimension of innovation ecosystems, there
remains a limited understanding of how emerging agroindustrial ecosystems may exhibit
active collaborative networks yet show low conversion of relational engagement into
distributed innovation outcomes. Addressing this gap requires analyzing collaboration not
only in terms of network connectivity but also in relation to functional balance, funding
structures, institutional coordination, and the distribution of innovation capabilities among
ecosystem actors.

3. Empirical Context: Rio Verde and the Agroindustrial Innovation Ecosystem
Rio Verde is located in the southwestern region of the state of Goiás, in Central Brazil,

and represents one of the most economically dynamic non-metropolitan municipalities
in the country. Although it is not part of a large metropolitan area, the municipality
combines demographic growth, territorial scale, productive specialization, and institutional
density. According to official demographic data, Rio Verde has a population of more than
240,000 and occupies a large area, reinforcing its position as a regional hub for economic,
logistical, educational, and technological activities.
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The municipality’s economic trajectory is closely tied to agribusiness and agroindustrial
development. Rio Verde occupies a prominent position in the agricultural economy of Goiás,
particularly in soybean, cereal, poultry, and swine production. This productive base has
supported the emergence of a diversified agroindustrial structure that connects agricultural
production, input suppliers, cooperatives, food-processing industries, logistics operators,
technical services, and commercial organizations. As a result, the municipality is not only a
site of primary agricultural production but also a territorial platform for value aggregation,
technological diffusion, and agroindustrial coordination.

The agroindustrial relevance of Rio Verde is also evident in its role within the
state economy. The municipality has been identified as one of the leading contributors
to agricultural value added in Goiás. It has consolidated itself as a major productive
center within the Brazilian agribusiness system. A combination of large-scale grain
production, animal protein chains, industrial processing, cooperative structures,
logistics infrastructure, and specialized services supports this position. The presence
of companies and organizations associated with food processing, agricultural inputs,
storage, transportation, and technological solutions strengthens the municipality’s role
as an agroindustrial hub.

Logistics constitutes another important dimension of Rio Verde’s agroindustrial
development. The municipality is strategically located in Central Brazil and is connected
to relevant road, rail, and air transport infrastructures. These conditions facilitate the
circulation of grains, inputs, industrialized products, technologies, and specialized
services. The presence of multimodal logistics infrastructure, including connections to
the North–South Railway, helps integrate the local productive system with national
and international markets. In agroindustrial ecosystems, such logistical conditions are
particularly relevant because innovation depends not only on knowledge generation but
also on the capacity to organize production flows, supply chains, market access, and the
adoption of technologies across territories.

Rio Verde also presents an expanding institutional environment related to science,
technology, entrepreneurship, and innovation. The municipality includes higher education
institutions, applied research organizations, innovation habitats, entrepreneurial support
organizations, public agencies, and private-sector initiatives. These actors contribute to
professional training, technological experimentation, business support, knowledge transfer,
and innovation-oriented projects. The existence of innovation-related initiatives, such as
technology hubs, incubators, applied research centers, and local policy instruments for
science, technology, and innovation, indicates that the municipality has been developing
an institutional infrastructure that goes beyond its traditional agroproductive base.

This context makes Rio Verde a relevant case for analyzing innovation ecosystems
in emerging agroindustrial regions. On the one hand, the municipality exhibits strong
productive specialization, diversified agroindustrial chains, and an active set of organizations
engaged in innovation. On the other hand, it also exhibits typical challenges of emerging
regional ecosystems, such as unequal access to funding, uneven distribution of innovation
capabilities, dependence on specific coordinating actors, and possible gaps between
collaboration and the diffusion of innovation outcomes. Therefore, Rio Verde offers an
appropriate empirical setting for examining how collaboration is structured and how
structural and functional asymmetries may influence the distribution of innovation
capabilities across an agroindustrial ecosystem.

By focusing on Rio Verde, this study contributes to the analysis of innovation
ecosystems outside large metropolitan and technologically mature regions. The case
allows the investigation of how agroindustrial territories combine productive strength,
institutional articulation, technological demand, and structural limitations. It also
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provides empirical conditions for examining whether collaborative engagement among
heterogeneous actors is sufficient to generate distributed innovation outcomes or whether
the conversion of collaboration into innovation depends on broader functional balance
among business actors, knowledge actors, government actors, funding actors, innovation
habitats, and institutional actors.

4. Materials and Methods
4.1. Research Design and Study Context

This study adopts an applied research design with a quantitative approach and
exploratory-descriptive objectives. The applied nature of the research lies in its focus
on generating practical and analytical insights into the structural dynamics of regional
innovation ecosystems. The exploratory dimension seeks to deepen the understanding
of ecosystem interactions and organizational roles. At the same time, the descriptive
component aims to systematically characterize the actors, relationships, and structural
conditions that shape innovation performance within the studied context.

The empirical setting of the study is the innovation ecosystem of Rio Verde, a
medium-sized agroindustrial municipality located in the state of Goiás, Brazil. Rio Verde
was selected because it combines strong productive specialization in agribusiness, the
presence of agroindustrial chains, and an expanding set of organizations connected
to entrepreneurship, technology, education, research, public policy, and innovation
support. The unit of analysis is the organizational actor belonging to the regional innovation
ecosystem. For this study, an ecosystem actor was defined as any formal organization
that performs, supports, promotes, coordinates, finances, or enables innovation-related
activities in the regional context, including firms, startups, agroindustrial companies,
educational institutions, research centers, government agencies, innovation habitats,
incubators, business support organizations, communities, investors, funding actors, anchor
companies, and institutional coordination bodies.

4.2. Sampling and Data Collection

The research was conducted voluntarily with actors in Rio Verde’s innovation
ecosystem. The identification and mobilization of participants were supported by a
local task force composed of organizations directly connected to innovation in the
municipality, including the Municipal Department of Innovation of Rio Verde, HUB Goiás,
an innovation-related body linked to the state of Goiás, and the Inova Rio Verde group,
formed by local innovation actors. This collective mobilization was important for reaching
organizations recognized by local stakeholders as part of the ecosystem. The list of potential
participants was based on previous mappings and institutional knowledge held by HUB
Goiás, the Municipality of Rio Verde, and the Inova Rio Verde group.

Based on this mobilization process, 41 valid responses were obtained. The sample
should be interpreted as an exploratory, voluntary mapping of relevant ecosystem
actors, rather than a complete census of all innovation-related organizations in the
municipality. The authors recognize that additional innovation actors may exist in
Rio Verde and may not have participated in the study. Nevertheless, the number
of respondents is considered adequate for the local ecosystem context and for the
exploratory-descriptive objectives of the research, especially because the mobilization
involved the main institutional organizations involved in innovation in the municipality.

The questionnaire consisted of categorical, multiple-choice, and Likert-scale items.
Questions explicitly indicating minimum and maximum numbers of selections allowed
multiple responses, whereas all remaining categorical questions required a single
answer. The perceived degree of interaction with the ecosystem was measured using a
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five-point Likert scale ranging from “Very low” (1) to “Very high” (5). Variables describing
organizational roles and competencies were used only for sample characterization and
ecosystem mapping, whereas inferential analyses focused on the interaction indicators
described in Section 5.

At the time of data collection, the exact number of organizations formally
belonging to the Rio Verde innovation ecosystem was not available because no official
registry or consolidated ecosystem database existed. The local task force—including
HUB Goiás, the Municipal Department of Innovation, and the Inova Rio Verde
group—identified and mobilized the organizations recognized as the principal actors
within the regional ecosystem. Consequently, the study should be interpreted as an
exploratory mapping of the most relevant organizations rather than as a probabilistic
survey of a predefined population.

The questionnaire was answered by senior institutional representatives with broad
knowledge of each organization’s activities, partnerships, innovation projects, and
strategic positioning within the ecosystem. Respondents included owners, managing
partners, directors, campus directors, rectory representatives, coordinators, and
institutional managers formally responsible for representing their organizations in
innovation-related initiatives. This respondent profile was considered appropriate
because the study required information on organizational roles, existing partnerships,
innovation activities, support needs, and interaction patterns within the ecosystem.
Therefore, the responses were provided by individuals occupying decision-making or
institutional representation positions, with access to comprehensive information about
the organizations they represented.

4.3. Digital Platform and Research Instrument

Data were collected through a digital platform developed by the authors at CEINA
(the Center for Research in Innovation and Agribusiness), which is linked to the Graduate
Program in Administration at the Federal Institute of Goiano, Rio Verde Campus. The
platform, named Innovation Ecosystem Map, was designed to support ecosystem mapping,
actor registration, interaction analysis, and visualization of innovation-related relationships
in the regional ecosystem. The research instrument was developed specifically for this
study, based on the theoretical dimensions of Regional Innovation Systems, innovation
ecosystems, and the Six-Helix model. It was not directly adapted from a single pre-existing
scale. However, it was constructed to operationalize the research objectives, particularly
the identification of actor profiles, institutional functions, innovation activities, existing
partnerships, collaboration intensity, support needs, and perceived challenges.

The questionnaire included questions on organizational identification, ecosystem
positioning, area of activity, size, functional contribution, priority areas of interest,
innovation activities, projects, initiatives, existing partnerships, interaction intensity,
perceived barriers, support needs, contact information, and geolocation. The instrument
also captured information related to innovation outputs and practices, including research
and development projects, new products, new processes, digital solutions, technological
adoption, knowledge transfer, training initiatives, organizational innovations, commercial
innovations, marketing strategies, sustainability practices, new services, and agroindustrial
solutions. This broad operationalization was adopted because innovation in agroindustrial
ecosystems may occur not only through patents or formal R&D, but also through
technological adoption, process improvement, organizational change, market strategies,
and collaborative projects.

Before data collection, the platform and the questionnaire underwent validation
by eight independent specialists from HUB Goiás and members of the Inova Rio Verde
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working group. These specialists had professional experience in information technology,
marketing, innovation, entrepreneurship, and strategy. The specialists did not participate
as respondents in the final data collection and were not included among the 41 mapped
ecosystem actors. Their role was limited to evaluating the research instrument and the
digital platform prior to application. The validation process assessed the clarity of the
questions, the adequacy of the terminology, the relevance of the response categories, the
alignment between the instrument and the local innovation ecosystem, and the usability of
the platform interface. Based on this process, adjustments were made to the wording of
questions, the classification of ecosystem actors, the categories used to identify partnerships,
and the structure of the platform interface. These adjustments sought to ensure that the
instrument was understandable to heterogeneous actors and capable of capturing the
specific characteristics of the Rio Verde innovation ecosystem.

4.4. Variables and Measures

Collaboration among actors was measured using data collected via the platform’s
embedded questionnaire. Respondents were asked to indicate their existing innovation
partnerships and the actors with whom they had involvement in innovation projects,
institutional initiatives, or collaborative activities. Thus, the relational data used in the
study were based on declared interactions reported by the participating organizations. The
platform allowed each respondent to indicate their degree of interaction with the innovation
ecosystem using a five-level scale: very low, low, medium, high, and very high. “Very
low” indicated few or almost no interactions with other actors; “low” indicated occasional
interactions; “medium” indicated a moderate level of interaction; “high” indicated many
active partnerships; and “very high” indicated that the organization operated as a hub of
connections within the ecosystem.

The collaboration intensity measure was constructed from respondents’ self-reported
partnership ties, a common approach for mapping innovation-platform networks
(Cunningham et al., 2022; Rocha et al., 2021). That design is useful because collaboration
in ecosystems is relational and often needs to be made quantitatively visible through
reported connections, centrality, density, and interaction strength (Serrano-Ruiz et al., 2024;
Cunningham et al., 2022; Qi et al., 2021).

The main caveat is that declared interactions are not complete records of interactions.
Studies comparing data sources show that any single source underestimates knowledge
interactions, and survey wording can bias which actors appear central or influential (Fritsch
et al., 2019; Hermans et al., 2017). Even so, self-reported network data remain widely used
because they capture collaboration, information sharing, trust, and perceived ecosystem
embeddedness that public databases often miss (Cobben et al., 2023; Cantù et al., 2021; De
Freitas Nascimento et al., 2022).

In the field related to existing partnerships, respondents could indicate relationships
with actors already mapped by HUB Goiás, the Municipality of Rio Verde, and the Inova
Rio Verde group. These partnerships were classified according to the following categories:
educational institutions, communities, public sector, research centers, innovation
environments, incubators, investors, venture capital or funding organizations, and anchor
companies. This procedure enabled the identification of both the perceived intensity of
interaction and the specific types of actors involved in collaborative relationships. Because
the interaction data were self-reported, the study treats them as declared relational
evidence, capturing how each respondent perceives and reports their connections within
the ecosystem. The relationships were not necessarily validated by the other actors
involved, a methodological limitation acknowledged.
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The analysis considered five main groups of variables: actor classification, functional
contribution, collaboration intensity, innovation activity, and structural asymmetry. Actor
classification was based on the Six-Helix model. Functional contributions were treated
as multiple-response variables because the same organization could perform more than
one function in the ecosystem. Collaboration intensity was operationalized through
the five-level self-reported interaction scale. Innovation activity was operationalized
through the reported existence of innovation-related projects, initiatives, outputs, or
practices. Structural asymmetries were identified through the combined analysis of actor
distribution across the Six-Helix categories, the presence or absence of specific actor
groups, the concentration of innovation activities or outputs in certain organizations, the
distribution of collaboration intensity, and the relational patterns reported among actors.

4.5. Data Analysis

The data were analyzed using descriptive statistics and ecosystem mapping procedures.
Descriptive statistics were used to characterize the distribution of actors, institutional
categories, functional contributions, organizational size, collaboration intensity, innovation
activities, reported challenges, and support needs. The relational data were analyzed based
on the partnerships and interactions that respondents declared on the platform. These
reported ties were used to examine interaction patterns, identify central and peripheral
positions, verify connections among different categories of actors, and assess whether
collaboration was broadly distributed or concentrated in specific organizations or groups.

The density of interactions was assessed by examining the relationship between
reported partnerships and the potential connections among mapped actors, while
accounting for the limitations of self-reported data. In addition, the analysis considered the
number of reported ties, the distribution of ties across actor categories, the concentration of
partnerships within specific groups, and the presence or absence of connections involving
funding actors, research centers, innovation environments, public-sector organizations, and
anchor companies. These relational indicators supported a more objective interpretation
of the collaboration structure and helped identify potential gaps between collaborative
engagement and distributed innovation outcomes.

The identification of the collaboration paradox followed a comparative analytical
strategy. First, the study examined collaborative engagement in the ecosystem, based on
self-reported interaction intensity, existing partnerships, and interest in joint initiatives.
Second, it analyzed the distribution of innovation capabilities and innovation-related
outputs across actors, considering the concentration of reported projects, initiatives,
and functional contributions. Third, it compared collaborative engagement with the
distribution of innovation outcomes and structural conditions. The collaboration paradox
was considered present when evidence indicated high collaborative willingness or active
relational engagement, combined with limited distribution of innovation capabilities, a
concentration of innovation outputs, weak funding structures, or an incomplete functional
balance across the Six-Helix categories.

4.6. Ethical Considerations and Study Limitations

The study did not systematically examine ownership structures, corporate control, or
cross-participation among mapped actors. Therefore, possible ownership links or formal
governance ties between organizations were not used as analytical criteria in the network
interpretation and should be considered a methodological limitation. Also, in the case of Rio
Verde, there is no official ecosystem registry, which constitutes a methodological limitation.

The study complied with ethical standards for research involving organizational
respondents. Participants were informed about the objectives of the research, the voluntary
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nature of participation, and the study’s academic purpose. The information was analyzed in
aggregate form, and no personally identifiable information was disclosed in the manuscript.

The methodological design has limitations. First, the sample is voluntary and
exploratory, which limits the generalizability of the results. Second, the study does not
claim to represent all innovation-related actors in Rio Verde, since additional organizations
may exist beyond those mobilized through the local innovation task force. Third, the data
are based on self-reported information from organizational representatives, which may be
subject to perception bias. Fourth, some interaction data were declared by one actor and
may not have been reciprocally validated by the other actors involved. Finally, the study
provides a cross-sectional view of the ecosystem during the data collection period and does
not capture longitudinal changes in collaboration or innovation performance.

5. Results
5.1. Structural and Institutional Composition of the Innovation Ecosystem

The results presented in this section refer to the 41 actors that voluntarily participated
in the ecosystem mapping. Therefore, the findings should be interpreted as an exploratory
representation of relevant innovation actors in Rio Verde rather than as a complete census of
all organizations involved in innovation-related activities in the municipality. The analysis
focuses on the institutional composition of the ecosystem, the distribution of actors across
the Six-Helix categories, the functional roles organizations perform, and the structural gaps
identified through the digital platform.

The innovation ecosystem of Rio Verde comprises actors from multiple organizational
categories, including firms, educational and research institutions, government agencies,
innovation habitats, and intermediary organizations. This composition reflects the systemic
nature of regional innovation processes, in which innovation depends on the articulation
of heterogeneous actors embedded in territorial contexts (Freeman, 1987; Lundvall, 1992;
Cooke, 2008). However, rather than treating institutional diversity as direct evidence of
ecosystem maturity, the results are interpreted more cautiously as an indication that the
mapped ecosystem contains different organizational groups with the potential to support
collaborative innovation dynamics.

Figure 1 presents the institutional, functional, and organizational composition of the
Rio Verde innovation ecosystem. The figure summarizes three dimensions of the mapping:
the distribution of actors by institutional helix, the functional roles performed by ecosystem
actors, and the distribution of organizational size. This analytical structure follows the
Six-Helix perspective, which distinguishes business actors, knowledge actors, government
actors, funding actors, innovation habitats, and institutional actors as complementary
components of regional innovation systems (Labiak Junior, 2012; Colini et al., 2018).

As shown in Figure 1, business actors constitute the largest institutional group within
the mapped ecosystem, accounting for 43.9% of organizations (18 actors). This group
includes startups, technology-based firms, agribusiness companies, service providers,
and agroindustrial organizations. The predominance of business actors reflects Rio
Verde’s productive profile, a municipality strongly associated with agribusiness and
agroindustrial chains. This finding is consistent with the argument that regional innovation
systems are shaped by local productive structures, sectoral specialization, and territorial
economic trajectories (Cassiolato & Lastres, 2005; Asheim & Gertler, 2005). Therefore, this
concentration should not be automatically interpreted as an imbalance but rather as an
expression of the territory’s agroindustrial specialization.
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Figure 1. Institutional, functional, and organizational composition of the Rio Verde innovation
ecosystem (n = 41). (A) Distribution of actors by institutional helix. (B) Functional roles performed by
ecosystem actors. (C) Organizational size distribution. Source: Authors.

Knowledge actors account for 17.1% of the mapped ecosystem, comprising seven
organizations. This group includes universities, research centers, and education-oriented
institutions. Their presence indicates that the ecosystem has organizations capable of
supporting knowledge generation, professional training, applied research, and technology
transfer. In regional innovation systems, knowledge organizations contribute to interactive
learning and to the circulation of scientific and technical capabilities across firms,
governments, and support institutions (Lundvall, 1992; Cooke, 2008). In an agroindustrial
region, this function is particularly relevant because innovation often depends on the
articulation between scientific knowledge, technical assistance, productive experimentation,
and organizational learning.

Innovation habitats also account for 17.1% of the mapped actors, totaling seven
organizations. These actors include environments that support entrepreneurship,
experimentation, networking, mentoring, and innovation-oriented initiatives. Their
presence suggests that Rio Verde has developed institutional spaces to connect firms,
entrepreneurs, researchers, public organizations, and support entities. As Labiak
Junior (2012) argues, innovation habitats serve mediation and support functions that
extend beyond physical infrastructure, fostering interaction, knowledge circulation,
and collaborative experimentation. However, the existence of innovation habitats does
not necessarily indicate that innovation capabilities are broadly distributed across the
ecosystem, since their effectiveness depends on their capacity to connect different actors
and support the development of collaborative projects.

https://doi.org/10.3390/admsci16080354

https://doi.org/10.3390/admsci16080354


Adm. Sci. 2026, 16, 354 14 of 27

Institutional actors account for 14.6% of the mapped ecosystem, comprising six
organizations. These actors perform articulation, representation, training, coordination,
and support functions. Their presence is relevant because regional innovation ecosystems
often depend on organizations capable of reducing coordination barriers, mobilizing
actors, and sustaining collective agendas. This finding aligns with studies that emphasize
the importance of institutional coordination and ecosystem governance in transforming
interaction networks into innovation outcomes (Stam, 2015; Stam & Van de Ven, 2021). In
the Rio Verde case, institutional actors appear to contribute to the organization of
local innovation initiatives and to the connection between productive, educational,
governmental, and entrepreneurial actors.

Government actors account for 7.3% of the mapped ecosystem, representing three
organizations. Although this share is smaller than that of business, knowledge, and
innovation habitat actors, public-sector organizations perform relevant functions in
creating policy conditions, supporting innovation programs, mobilizing stakeholders,
and connecting local initiatives with state-level innovation structures. This role is consistent
with the innovation systems literature, which emphasizes the importance of public policy
and institutional arrangements in supporting technological development and regional
innovation capacity (Freeman, 1987; Nelson, 1993).

The most evident structural gap in the institutional composition concerns the absence
of locally based funding actors among the mapped organizations. No organization
was classified primarily within the funding helix, which represents 0% of the mapped
ecosystem. This does not mean that actors in Rio Verde have no access to external funding
agencies, public calls, credit lines, or innovation support programs. Rather, it indicates
that the local ecosystem does not yet present a clearly embedded funding helix whose
main function is to finance innovation, reduce uncertainty, support startups, and enable
the scaling of technology-based initiatives within the territory. This gap is relevant because
financial actors and funding mechanisms are frequently identified as important conditions
for experimentation, risk reduction, and technological scaling in innovation ecosystems
(Mazzucato, 2013; Stam & Van de Ven, 2021).

Taken together, the institutional composition of the Rio Verde innovation ecosystem
indicates diversity among mapped actors, with strong business participation, relevant
knowledge-generation capacity, and the presence of innovation habitats and institutional
support organizations. At the same time, the distribution across the Six-Helix categories
points to functional asymmetries, especially the absence of locally based funding
actors and the comparatively smaller participation of government organizations. These
findings suggest that the ecosystem presents relational and institutional conditions for
collaboration, but also contains structural gaps that may affect the distribution and scaling
of innovation activities.

5.2. Systemic Interactions and the Collaboration Paradox

The analysis of systemic interactions provides evidence about the relational dynamics
of the Rio Verde innovation ecosystem. Based on data collected through the digital mapping
platform, this section examines declared connections, interaction intensity, the most
frequently mentioned partners, innovation-related projects, thematic areas of innovation,
and the empirical configuration associated with the collaboration paradox. Since the
relational data were self-reported by participating organizations, the results should be
interpreted as declared interactions within the mapped ecosystem rather than as a complete
and reciprocally validated representation of all possible relationships among innovation
actors in Rio Verde.
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The relational mapping identified 835 declared connections among the 41 mapped
actors, corresponding to an average of approximately 20.4 declared connections per
respondent. This indicator was calculated by dividing the total number of declared
connections by the number of respondents. Since the platform may count duplicated
or reciprocal mentions, this measure is interpreted as a descriptive indicator of relational
activity rather than as a formal network density measure. Even with this methodological
caution, the volume of declared connections suggests a highly active relational environment
within the mapped ecosystem.

The intensity of interaction also indicates relevant collaborative engagement among
the mapped actors. Organizations were classified into five interaction levels, ranging from
very low to very high, based on the degree of interaction reported on the platform. Among
the 41 actors, one organization reported a very low level of interaction, corresponding to
2.4% of the sample; five reported low interaction, corresponding to 12.2%; 16 reported
medium interaction, corresponding to 39.0%; 14 reported high interaction, corresponding
to 34.1%; and five reported very high interaction, corresponding to 12.2%. Taken together,
the medium, high, and very high categories represent 35 actors, or 85.4% of the mapped
ecosystem. In addition, 19 actors (46.3%) reported high or very high levels of interaction.

These data suggest that most mapped organizations perceive themselves as having at
least moderate interaction with the ecosystem. However, interaction intensity should not
be interpreted as direct evidence of ecosystem maturity. It indicates relational engagement
but does not necessarily demonstrate that innovation capabilities, funding mechanisms, or
innovation outputs are broadly distributed. This distinction is important because ecosystem
performance depends not only on the existence of interactions but also on the capacity
to transform relational engagement into distributed innovation outcomes (Stam, 2015;
Stam & Van de Ven, 2021).

The analysis of the most frequently mentioned partners provides additional evidence
of the ecosystem’s relational structure. The actors most cited in declared partnerships were
HUB Goiás, with 28 mentions; INOVA Rio Verde, with 27; the Municipal Department of
Science, Technology and Innovation, with 24; IF Goiano, with 23; FAPEG, with 21; UNIRV
and Área 64, with 20 mentions each; the Municipal Department of Economic Development
and Agro HUB UNIRV, with 19 mentions each; CEAGRE, with 18; and Espaço Capital,
with 14. These actors appear to perform visible articulation functions within the mapped
ecosystem by connecting firms, knowledge institutions, public organizations, innovation
environments, and support entities.

This pattern is consistent with the literature on innovation networks, which
emphasizes that bridging actors may facilitate information flows, knowledge circulation,
and collaborative opportunities among heterogeneous organizations (Granovetter, 1973;
Powell & Grodal, 2005). In the Rio Verde case, organizations such as HUB Goiás,
INOVA Rio Verde, the Municipal Department of Science, Technology, and Innovation,
IF Goiano, UNIRV, Agro HUB UNIRV, and CEAGRE appear to contribute to ecosystem
cohesion. Nevertheless, their prominence also suggests that relational articulation may
depend on a limited set of organizations, reinforcing the importance of examining whether
collaboration is broadly distributed or concentrated among specific actors.

The database identified 256 innovation-related projects reported by the mapped
actors. These projects reflect different forms of innovation activity and should not
be interpreted only as patents or formal laboratory-based R&D. In the context of an
agroindustrial ecosystem, innovation may include applied research, technological adoption,
digital solutions, process improvements, training initiatives, knowledge transfer actions,
organizational innovations, commercial innovations, sustainability-oriented practices,
new services, and agroindustrial solutions. This broader understanding is necessary
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because innovation in agroindustrial regions often occurs through practical, technological,
organizational, and market-oriented changes.

The thematic areas associated with the reported projects reinforce this applied
and multidimensional profile. Among the most recurrent areas were agribusiness, with
20 projects; artificial intelligence, with 14; information technology, with nine; big data
and analytics, with seven; biotechnology, health, and bioeconomy, with six projects each;
sustainability, Internet of Things, and smart cities, with five projects each; and healthtech,
circular economy, industrial automation, and Industry 4.0, with three projects each. These
areas indicate that the ecosystem combines traditional agroindustrial specialization with
emerging technological fields, especially digital technologies, data-driven solutions,
sustainability, biotechnology, and automation.

Although the ecosystem presents a diversified thematic profile, the distribution
of innovation-related projects is uneven. CEAGRE reported 98 of the 256 projects,
corresponding to approximately 38.3% of the total. This concentration should be
interpreted with caution. On the one hand, it may reflect CEAGRE’s institutional mission,
operational capacity, research orientation, and role as a center dedicated to innovation
and agribusiness. On the other hand, the magnitude of this concentration is analytically
relevant because it suggests that innovation-related outputs are not evenly distributed
across the mapped ecosystem.

Therefore, the concentration of projects within CEAGRE should not be automatically
treated as an ecosystem weakness. A strong research and innovation-oriented organization
can contribute positively to the development of the regional ecosystem by generating
projects, mobilizing partnerships, and supporting applied technological initiatives.
However, when a substantial share of reported innovation projects is concentrated in
a single actor, the evidence also suggests that other organizations may still have limited
capacity to generate, coordinate, or scale innovation initiatives. This interpretation is
consistent with the idea that ecosystems may contain active collaboration while still
presenting functional asymmetries in the distribution of innovation capabilities.

Table 1 summarizes the empirical evidence associated with the collaboration paradox
in the Rio Verde innovation ecosystem. The data indicate that the ecosystem is relationally
active, with a high number of declared connections and a large proportion of actors
reporting medium-to-very-high interaction levels. However, innovation-related outputs
remain concentrated, especially in CEAGRE, and the mapped Six-Helix structure does not
include a locally embedded funding actor. This combination provides the empirical basis
for interpreting the mismatch between collaboration and distributed innovation outcomes.

The empirical evidence for the collaboration paradox rests on the combination of three
observed patterns. First, the mapped ecosystem shows high levels of declared relational
engagement, as indicated by 835 declared connections, an average of 20.4 connections
per respondent, and 85.4% of actors reporting medium, high, or very high levels of
interaction. Second, innovation-related outputs are concentrated, with CEAGRE alone
accounting for 38.3% of the projects reported in the database. Third, the institutional
composition discussed in Section 5.1 indicates the absence of locally embedded funding
actors in the mapped Six-Helix structure, which may limit experimentation, scaling, and
broader diffusion of innovation capabilities.

This interpretation does not imply that all actors should generate the same volume or
type of innovation output. Differences in organizational mission, size, resources, technical
capacity, and specialization are expected within any innovation ecosystem. However, the
paradox emerges because broad collaborative engagement coexists with concentrated
innovation production and incomplete functional support structures. Thus, the Rio
Verde case suggests that collaboration is present as a relational condition, but its
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conversion into distributed innovation outcomes remains constrained by structural and
functional asymmetries.

The collaboration paradox should therefore be understood neither as a simple absence
of collaboration nor as the expected result of organizational heterogeneity. Rather, it
reflects a specific configuration in which relational engagement is relatively widespread,
while innovation outputs and enabling conditions remain concentrated or unevenly
distributed. This finding reinforces the need to analyze innovation ecosystems beyond
interaction intensity alone, considering funding structures, institutional coordination,
functional balance, and the diffusion of innovation capabilities across actors.

Table 1. Empirical evidence associated with the collaboration paradox in the Rio Verde innovation
ecosystem.

Analytical
Dimension Empirical Evidence Information Updated in Our

Platform Innovation Ecosystem Site

Declared relational
activity

835 declared connections among the 41 mapped actors,
corresponding to an average of approximately 20.4 declared

connections per respondent

https://
www.mapadoecossistemainovador
.com.br/ (accessed on 14 July 2026)

Interaction
intensity

35 actors, or 85.4% of the mapped ecosystem, reported medium,
high, or very high interaction levels

Highly interactive
actors 19 actors, or 46.3%, reported high or very high interaction levels

Most frequently
mentioned
partners.

HUB Goiás, INOVA Rio Verde, Municipal Department of Science,
Technology and Innovation, IF Goiano, FAPEG, UNIRV, Área 64,

Municipal Department of Economic Development, Agro HUB
UNIRV, CEAGRE, and Espaço Capital

Innovation-related
projects The mapped actors reported 256 innovation-related projects.

Concentration of
innovation outputs

CEAGRE reported 98 projects, corresponding to approximately
38.3% of the total

Main thematic
areas of innovation

Agribusiness, artificial intelligence, information technology, big data
and analytics, biotechnology, health, bioeconomy, sustainability,

Internet of Things, smart cities, healthtech, circular economy,
industrial automation, and Industry 4.0

Functional gap No locally embedded funding actor was identified as a primary
actor in the mapped Six-Helix structure.

Interpretation The ecosystem presents high relational engagement, but innovation
outputs and enabling conditions remain unevenly distributed.

Source: Authors.

5.3. Structural Implications for Ecosystem Maturation

The findings presented in the previous sections indicate that the Rio Verde innovation
ecosystem is an emerging agro-industrial ecosystem characterized by an active collaborative
environment yet constrained by structural imbalances that limit the widespread diffusion
of innovation outcomes. Although the ecosystem exhibits institutional diversity, a
substantial number of reported partnerships, and predominantly medium-to-very-high
interaction intensity among actors, these characteristics alone do not indicate ecosystem
maturity. Rather, they reveal the existence of an important relational foundation upon
which more advanced innovation capabilities may develop. This interpretation is consistent
with recent studies arguing that ecosystem maturity cannot be inferred solely from
network density or interaction frequency but depends on the capacity to transform
collaborative relationships into sustained knowledge flows, distributed innovation
capabilities, and collective value creation (Russell & Smorodinskaya, 2018; Rong et al.,
2020; Nan & Huang, 2024).
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From the Six-Helix perspective adopted in this study, ecosystem evolution depends not
only on the presence of heterogeneous actors but also on the effective articulation of their
complementary functions. The Rio Verde ecosystem includes firms, universities, research
institutions, innovation habitats, government organizations, and representative institutions,
demonstrating considerable structural diversity. However, the limited presence of locally
embedded funding organizations reveals an important functional imbalance. Recent
studies emphasize that mature innovation ecosystems require complementary institutional
functions to operate in an integrated manner, rather than the mere coexistence of
multiple organizations (Da Silva Rabelo Neto et al., 2024; Helman, 2025). In this sense,
the absence of strong financial actors weakens one of the critical mechanisms through
which innovation projects evolve from collaborative ideas into scalable technological and
organizational solutions.

This structural limitation is particularly relevant in agro-industrial innovation
ecosystems, where innovation processes typically involve long development cycles,
technological adaptation, applied research, infrastructure investment, and coordination
across interconnected value chains. Financial actors perform functions that extend beyond
resource provision by reducing uncertainty, supporting experimentation, enabling risk
sharing, and facilitating interactions among multiple stakeholders. Consequently, the lack of
locally embedded funding mechanisms may constrain the ecosystem’s capacity to convert
collaborative potential into distributed innovation performance. This interpretation aligns
with functional governance perspectives, which argue that financial support is an essential
component of regional innovation ecosystem governance rather than an isolated economic
resource (Ordóñez-Matamoros et al., 2021; Pang et al., 2026).

Another important implication concerns the concentration of innovation outputs
within a limited number of organizations. The prominent role of CEAGRE in reported
innovation projects reflects its institutional mission, technical expertise, and strategic
position as an innovation-oriented agribusiness center. Rather than representing a weakness,
this finding suggests that CEAGRE currently serves an orchestration function similar to that
observed in other regional innovation ecosystems, in which universities, innovation centers,
or intermediary organizations coordinate knowledge creation and collaborative initiatives
(Thomas et al., 2020; Sultana & Turkina, 2023). However, ecosystem maturation requires that
these innovation capabilities progressively diffuse beyond a single leading organization
toward firms, producer organizations, research institutions, startups, and other ecosystem
participants. From this perspective, the concentration of innovation projects suggests that
innovation remains institutionally anchored rather than broadly distributed across the
regional network.

The importance of intermediary and coordinating organizations also emerges as a
defining characteristic of the Rio Verde ecosystem. Frequently cited organizations, including
HUB Goiás, INOVA Rio Verde, the Municipal Department of Science, Technology and
Innovation, IF Goiano, UNIRV, Agro HUB UNIRV, CEAGRE, and other support institutions,
perform essential boundary-spanning functions by connecting actors from different
institutional spheres. These organizations facilitate knowledge exchange, partnership
formation, resource mobilization, and collective agenda setting, functions widely recognized
as central to ecosystem evolution (Sultana & Turkina, 2023; Jütting, 2024). Nevertheless, the
findings also suggest that coordination capacity remains concentrated within a relatively
small group of highly visible organizations. As ecosystems mature, governance mechanisms
tend to become increasingly institutionalized, reducing dependence on individual actors
and strengthening collective coordination across the entire network (Ordóñez-Matamoros
et al., 2021; Da Silva Rabelo Neto et al., 2024).
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The results further contribute to the growing literature on agro-industrial innovation
ecosystems by demonstrating that innovation performance depends not only on
technological capabilities but also on the quality of interactions among producers,
universities, research centers, intermediary organizations, public institutions, and
innovation environments. This observation supports recent arguments that agricultural
innovation ecosystems evolve through coordinated, multi-actor collaboration that
integrates scientific knowledge, technological development, institutional support, and
productive activities (Pigford et al., 2018; Bowman & Chisoro, 2024; Bravaglieri et al., 2025;
Xie et al., 2025). In this context, increasing the number of interactions among ecosystem
actors is unlikely to yield significant gains in innovation unless these relationships also
enhance knowledge circulation, reduce functional asymmetries, and strengthen firms’
capacity to participate directly in innovation processes.

Overall, the evidence suggests that the principal challenge facing the Rio Verde
innovation ecosystem is not the creation of additional collaborative relationships, since
relational engagement is already well established. Instead, the central challenge lies
in transforming this collaborative foundation into distributed innovation capabilities
through stronger functional integration among the six helices. This transformation
requires expanding access to financial resources, strengthening knowledge transfer
between research organizations and firms, increasing business participation in collaborative
innovation projects, reinforcing intermediary organizations, and institutionalizing
governance mechanisms that can coordinate diverse actors over time.

Therefore, ecosystem maturation should be understood as a transition from relational
connectivity toward functional balance, adaptive governance, and distributed innovation
capacity. Collaboration remains a necessary condition for ecosystem development. However,
it is insufficient when critical ecosystem functions remain structurally underdeveloped,
innovation outputs remain concentrated in a few organizations, and coordination depends
excessively on a restricted set of institutional actors. By integrating the Six-Helix perspective
with recent advances in regional and agro-industrial innovation ecosystem research, this
study argues that emerging ecosystems evolve not simply by increasing interaction intensity
but by progressively balancing complementary functions that enable collaboration to
generate sustained and widely distributed innovation outcomes.

6. Discussion
The findings of this study contribute to contemporary debates on regional

innovation ecosystems by demonstrating that intensive collaboration does not necessarily
lead to distributed innovation outcomes in emerging agro-industrial regions. The
empirical evidence from Rio Verde reveals an ecosystem characterized by extensive
interorganizational relationships, a high frequency of medium-to-very-high interaction
levels among actors, and a diversified institutional structure involving firms, universities,
research organizations, public agencies, innovation habitats, and representative institutions.
Nevertheless, innovation projects remain concentrated in a relatively small number of
organizations, particularly CEAGRE, while the ecosystem lacks a locally embedded funding
actor. This combination of active collaboration, functional imbalance, and concentrated
innovation provides empirical support for the collaboration paradox conceptualized in
this study.

The collaboration paradox extends existing perspectives on innovation ecosystems by
arguing that relational engagement and ecosystem maturity are not synonymous. While the
innovation ecosystem literature consistently recognizes collaboration, knowledge exchange,
and interorganizational interaction as fundamental drivers of innovation (Moore, 1993;
Adner, 2006; Powell & Grodal, 2005), recent studies increasingly suggest that ecosystem

https://doi.org/10.3390/admsci16080354

https://doi.org/10.3390/admsci16080354


Adm. Sci. 2026, 16, 354 20 of 27

performance depends less on the quantity of relationships than on the quality of knowledge
flows, the complementarity of actors’ functions, and the institutional mechanisms that
transform collaboration into collective innovation outcomes (Russell & Smorodinskaya,
2018; Rong et al., 2020; Nan & Huang, 2024). The Rio Verde ecosystem illustrates this
distinction by showing that dense interaction networks may coexist with limited diffusion
of innovation capabilities across the regional system.

Accordingly, the principal theoretical contribution of this study is not simply
the identification of structural imbalances within a regional innovation ecosystem but
the refinement of the collaboration paradox as a distinct analytical construct. Unlike
concepts such as institutional asymmetry, governance failure, or structural imbalance,
the collaboration paradox captures a specific configuration in which actors maintain
active partnerships, participate in collaborative initiatives, and report high levels of
interaction. However, these relational assets translate into innovation outcomes only for
a restricted group of organizations. The paradox, therefore, shifts analytical attention
from the existence of collaboration to the mechanisms by which collaboration is—or is
not—translated into distributed innovation capabilities throughout the ecosystem.

This perspective also contributes to current discussions on ecosystem evolution. Recent
research argues that mature innovation ecosystems emerge through the continuous
co-evolution of actors, institutions, governance arrangements, and knowledge flows rather
than through the simple expansion of organizational networks (Pang et al., 2026; Da Silva
Rabelo Neto et al., 2024). From this viewpoint, ecosystem development depends on the
progressive alignment of complementary functions that enable organizations to generate,
absorb, combine, and diffuse knowledge across institutional boundaries. Consequently,
relational density should be interpreted as a necessary but insufficient condition for
ecosystem maturation.

The Rio Verde case reinforces this interpretation. Although the mapped actors reported
strong collaborative engagement and numerous institutional connections, innovation
outputs remained concentrated, particularly within CEAGRE. This finding should not
be interpreted as evidence of organizational weakness among the remaining actors, nor
as an indication that CEAGRE’s leadership is undesirable. On the contrary, CEAGRE’s
prominence reflects its institutional mission, accumulated technical capabilities, and
strategic orientation toward agribusiness innovation. However, from the perspective of
ecosystem evolution, the concentration of innovation activities suggests that innovation
capabilities remain institutionally concentrated rather than broadly distributed across firms,
universities, intermediary organizations, and public institutions.

This interpretation is consistent with recent studies emphasizing the importance
of orchestration and intermediary organizations in regional innovation ecosystems.
Universities, innovation centers, technology hubs, and specialized support organizations
frequently perform coordinating functions by connecting heterogeneous actors, facilitating
knowledge exchange, mobilizing resources, and reducing institutional fragmentation
(Thomas et al., 2020; Sultana & Turkina, 2023; Jütting, 2024). In emerging ecosystems, these
organizations often assume central leadership roles because institutional structures are
still evolving. Nevertheless, ecosystem maturity requires that these coordinating functions
gradually become embedded in broader governance arrangements, allowing innovation
capabilities to spread throughout the regional network rather than remaining dependent
on a limited number of highly visible organizations.

The findings further demonstrate the analytical value of examining innovation
ecosystems through functional rather than purely institutional perspectives. Traditional
Triple Helix models have substantially advanced understanding of interactions among
universities, industry, and government (Etzkowitz & Leydesdorff, 2000), while Quadruple
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and Quintuple Helix approaches incorporated civil society and environmental sustainability
into ecosystem analysis (Carayannis & Campbell, 2009; Carayannis et al., 2012). However,
the Rio Verde case indicates that emerging agro-industrial ecosystems benefit from a
more differentiated understanding of ecosystem functions. The Six-Helix perspective
adopted in this study enables identification not only of which actors participate in the
ecosystem but also of whether essential functions—including knowledge generation,
business development, institutional coordination, innovation support, and financial
intermediation—are effectively balanced. This functional perspective reveals structural
gaps that may remain hidden when actors are examined solely according to broad
institutional categories.

7. Conclusions
This study examined how the structural configuration of a regional innovation

ecosystem influences its capacity to transform collaboration into distributed innovation
outcomes. Focusing on Rio Verde, a medium-sized agroindustrial region in Brazil, the
research integrated the Regional Innovation System perspective with the Six-Helix
model to analyze the distribution of actors, functional roles, declared interactions, and
innovation-related outputs within an emerging agroindustrial ecosystem.

The findings show that the Rio Verde ecosystem presents relevant relational activity
and institutional diversity. The mapped actors reported a high volume of declared
connections, and most organizations indicated medium, high, or very high levels of
interaction with the ecosystem. These results suggest that collaboration is present as an
important relational condition. However, the study also identified structural and functional
constraints that limit the broader distribution of innovation outcomes.

The main empirical evidence for this limitation is the concentration of innovation-
related projects within a narrow set of organizations. CEAGRE reported 98 of the
256 innovation projects identified in the database, corresponding to approximately 38.3% of
the total. This concentration should not be interpreted only as a weakness, since CEAGRE’s
prominence reflects its institutional mission, technical capacity, and orientation toward
innovation and agribusiness. Nevertheless, from an ecosystem perspective, it indicates that
innovation capabilities and outputs remain unevenly distributed among the mapped actors.

Another relevant finding concerns the absence of locally embedded funding actors
in the mapped Six-Helix structure. Although actors may access external funding agencies,
public calls, and support programs, the lack of a local funding helix may restrict
experimentation, reduce agility in resource allocation, and limit the scaling of innovation
initiatives. This result reinforces the argument that innovation ecosystems require not only
interaction among actors but also functional balance and enabling conditions that convert
relational engagement into distributed innovation performance.

The study contributes theoretically by refining the concept of the collaboration
paradox. The paradox does not refer to the absence of collaboration, nor is it simply
another term for structural asymmetry or innovation system failure. It describes a specific
configuration in which active relational engagement coexists with concentrated innovation
outputs and incomplete functional support structures. By identifying this configuration
in an emerging agroindustrial region, the research advances the analysis of innovation
ecosystems beyond the lens of relational density. It highlights the importance of structural
composition, funding mechanisms, institutional coordination, and capability distribution.

The study also contributes methodologically by demonstrating the usefulness
of combining digital ecosystem mapping with a functionally differentiated Six-Helix
framework. This approach made it possible to identify not only the presence of actors
and interactions, but also functional gaps that might remain less visible in more aggregated
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models, such as the Triple or Quadruple Helix. In practical terms, the findings suggest that
regional innovation policies should move beyond promoting collaboration as an isolated
objective. In contexts where interaction already exists, policy efforts should prioritize local
or regionally accessible funding mechanisms, stronger coordination structures, broader
participation of firms in innovation projects, and the diffusion of innovation capabilities
across different groups of actors.

7.1. Theoretical Contributions

This study offers several theoretical contributions to the literature on innovation
ecosystems and regional innovation systems. First, it advances the emerging debate
on innovation ecosystems by introducing and empirically refining the concept of the
collaboration paradox. Rather than assuming that extensive collaboration necessarily leads
to superior innovation performance, the findings demonstrate that ecosystems may exhibit
high levels of relational engagement. However, innovation capabilities and outputs remain
concentrated among a limited number of organizations. This conceptual refinement shifts
analytical attention from the mere presence of collaboration to the conditions under which
collaborative relationships yield distributed innovation outcomes.

Second, the study contributes to the Regional Innovation Systems (RIS) literature
by showing that ecosystem performance should be interpreted not only through
institutional diversity or network connectivity but also through the functional balance
among complementary ecosystem actors. The empirical evidence suggests that structural
asymmetries—particularly the absence of locally embedded funding actors and the
concentration of coordination and innovation activities—can constrain the diffusion of
innovation despite the existence of active collaborative networks. This finding reinforces
the argument that ecosystem maturity depends on the interaction between relational and
functional dimensions.

Third, the research extends the application of the Six-Helix framework beyond
its traditional descriptive use. Rather than employing the model merely to classify
ecosystem actors, this study demonstrates its analytical value for identifying functional
complementarities, structural gaps, and coordination bottlenecks that influence innovation
dynamics. In doing so, the Six-Helix model is positioned as a diagnostic framework
that explains how different institutional functions shape the evolution of emerging
regional ecosystems.

Fourth, the study contributes to the relatively limited literature on agroindustrial
innovation ecosystems in emerging economies. Most existing studies focus on metropolitan
or technology-intensive environments. In contrast, this research demonstrates that
medium-sized agroindustrial regions exhibit distinct innovation dynamics characterized
by strong productive specialization, active collaboration, but uneven distribution of
innovation capabilities. The findings therefore broaden the geographical and sectoral
scope of ecosystem theory and suggest that existing theoretical assumptions derived from
mature metropolitan ecosystems cannot be generalized without considering territorial and
institutional specificities.

Finally, the study contributes methodologically by demonstrating the usefulness
of integrating digital ecosystem mapping with the Six-Helix perspective to examine
both structural composition and relational dynamics. This combined approach provides
a replicable framework for investigating emerging innovation ecosystems and offers
researchers a systematic way to connect ecosystem architecture, collaboration patterns, and
innovation outcomes.
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7.2. Policy and Managerial Implications

The findings of this study have important implications for policymakers, regional
development agencies, and ecosystem managers seeking to strengthen innovation
ecosystems in emerging agroindustrial regions.

First, the results indicate that policies should move beyond simply encouraging
collaboration among ecosystem actors. Although the Rio Verde ecosystem exhibits high
levels of interaction, collaborative engagement alone has not been sufficient to ensure
the widespread diffusion of innovation capabilities. Consequently, innovation policies
should prioritize mechanisms that translate collaborative relationships into tangible
innovation outcomes through coordinated governance, long-term institutional support,
and capacity-building initiatives.

Second, the absence of locally embedded funding actors underscores the need
to strengthen regional financial support mechanisms. Public agencies, development
banks, venture capital organizations, innovation funds, and private investors should
be encouraged to establish stronger local connections to reduce uncertainty, support
experimentation, and facilitate the scaling of innovative projects. Expanding access to
financial resources is likely to improve the ecosystem’s functional balance and reduce
excessive dependence on a few leading organizations.

Third, the concentration of innovation activities within a small group of organizations
suggests that ecosystem governance should prioritize the diffusion of innovation capabilities
across a broader range of actors. Universities, research institutions, innovation hubs,
intermediary organizations, and business associations can play an important role in
disseminating knowledge, supporting collaborative projects, strengthening absorptive
capacity, and facilitating technology transfer among firms, startups, cooperatives, and
public organizations.

Fourth, the findings emphasize the strategic role of intermediary organizations
in ecosystem coordination. Organizations such as innovation hubs, business support
institutions, research centers, and local innovation networks should be recognized not
only as providers of support services but also as ecosystem orchestrators that connect
heterogeneous actors, mobilize resources, reduce coordination failures, and foster long-term
collaborative governance.

Finally, the methodological approach adopted in this study demonstrates the
practical value of digital ecosystem mapping for regional innovation management. The
integration of digital platforms with the Six-Helix framework enables policymakers and
ecosystem managers to identify structural gaps, monitor collaboration patterns, assess
functional complementarities, and support evidence-based decision-making. Similar
mapping initiatives may therefore serve as strategic governance tools for other
emerging regions seeking to strengthen innovation capacity and promote more balanced
ecosystem development.

Overall, the findings are relevant for organizations directly participating in regional
innovation ecosystems. Firms and startups may use the results to identify strategic
collaboration opportunities and strengthen innovation partnerships beyond traditional
business relationships. Universities and research institutes can better align knowledge-
transfer activities with regional innovation needs. In contrast, innovation hubs and
intermediary organizations may employ the proposed framework to identify structural
bottlenecks, coordinate collaborative initiatives, and improve ecosystem governance.
Business associations, cooperatives, and development agencies may also benefit from
the ecosystem mapping approach by identifying missing actors, strengthening functional
complementarities, and supporting more inclusive innovation networks.
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7.3. Limitations and Future Research

Although this study advances the understanding of emerging agroindustrial innovation
ecosystems and introduces empirical evidence consistent with the collaboration paradox,
several limitations should be acknowledged.

First, the study adopted an exploratory, cross-sectional design using self-reported data
collected via a digital ecosystem mapping platform. Consequently, the findings represent
the perceptions and declared interactions of participating organizations at a specific point in
time. They should not be interpreted as a complete representation of all innovation-related
relationships within the Rio Verde ecosystem. Longitudinal studies would provide valuable
insights into how collaborative structures and innovation capabilities evolve.

Second, although the study examined collaboration patterns using declared partnerships
and interaction intensity, it did not employ formal Social Network Analysis (SNA) metrics such
as degree, betweenness, or closeness centrality, or network density. The primary objective was
to provide an exploratory mapping of ecosystem actors and identify structural patterns rather
than to develop a complete network analysis. Moreover, because the relational data were based
on self-reported interactions rather than systematically validated with complete actor-to-actor
network matrices, the application of formal SNA measures could have yielded misleading
structural interpretations. Future studies should collect complete relational datasets that
enable the application of advanced network analysis techniques.

Third, the interpretation of the collaboration paradox should be understood as
evidence consistent with the proposed theoretical framework rather than as definitive
proof of a universal ecosystem mechanism. Differences may also influence the observed
configuration in organizational size, institutional missions, technological capabilities,
absorptive capacity, and resource availability. Comparative studies involving multiple
innovation ecosystems would help assess the generalizability and boundary conditions of
the collaboration paradox.

Fourth, ecosystem maturity was not assessed using a validated maturity framework or
standardized maturity indicators. Instead, the study interpreted ecosystem development in
terms of institutional diversity, functional balance, collaboration patterns, and innovation
outputs. Future research may combine the Six-Helix framework with formal ecosystem
maturity assessment models to provide more robust comparative analyses.

Fifth, although the study identified structural asymmetries through the distribution
of actors, functional roles, collaboration intensity, and innovation outputs, it did not
investigate ownership structures, governance arrangements, financial relationships,
or informal power dynamics among organizations. These dimensions may influence
ecosystem coordination and deserve further investigation.

Finally, the study focused on a single emerging agroindustrial ecosystem in Brazil.
While this case offers valuable insights into the dynamics of regional innovation ecosystems
outside major metropolitan areas, comparative studies across different agroindustrial
regions, sectors, and countries would help evaluate the transferability of the findings and
further refine the theoretical understanding of collaboration and innovation diffusion in
emerging ecosystems. Also, in the case of Rio Verde, there is no official ecosystem registry,
which constitutes a methodological limitation.

Additionally, these limitations do not diminish the study’s contributions. Rather, they
define a research agenda to advance understanding of collaboration, governance, functional
balance, and the diffusion of innovation in regional innovation ecosystems. Future
research could replicate the Six-Helix-based mapping strategy in other Brazilian and
Latin American agroindustrial regions to examine whether the patterns observed in
Rio Verde are recurrent in similar territories. Comparative studies involving regions
such as Sorriso/MT, Uberlândia/MG, or other non-metropolitan agroindustrial hubs
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could help assess whether the absence of local funding actors, the concentration of
innovation outputs, and the collaboration paradox are broader characteristics of emerging
agroindustrial ecosystems. Longitudinal studies could also examine whether the creation of
funding mechanisms, the strengthening of innovation habitats, and improved institutional
coordination increase the conversion of relational capital into more distributed and
sustainable innovation outcomes over time.

Overall, future research may build upon the exploratory ecosystem mapping
presented in this study by examining causal relationships among collaboration, functional
complementarities, institutional coordination, and innovation outcomes. Quantitative
approaches such as Partial Least Squares Structural Equation Modeling (PLS-SEM) may
provide opportunities to test and validate the conceptual relationships proposed here,
particularly if future studies involve larger samples and multiple regional innovation
ecosystems. Such advances would complement the exploratory nature of the present
research and contribute to theory development regarding ecosystem dynamics.
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