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Abstract 

This study advances a modular microfoundational framework to examine how individual-level 

actions aggregate into macro-level technological innovation capabilities and operational performance 

in innovation intermediaries in emerging economies. Grounded in microfoundations theory 

(Coleman's bathtub model) and cybernetic principles (Viable System Model), we dissect three 

interdependent modules to diagnose systemic issues within institutional voids: (i) macro-level 

system viability and technological emergence; (ii) meso-level organizational practices mediating 

R&D collaboration; and (iii) micro-level behaviors of boundary-spanning agents driving knowledge 

integration. Empirical evidence from a Brazilian Research and Technology Organization (RTO) 

reveals how context-specific microfoundations determine operational efficiency and technological 

emergence. Theoretically, we contribute by operationalizing Coleman's micro-macro link to enable 

cross-context benchmarking of innovation intermediaries and decoding how meso-micro-level 

actions co-evolve with ecosystem-level innovation. By shifting the diagnostic focus to the fine-

grained dynamics of individuals and their interactions, our study offers actionable levers for 

managers and policymakers to optimize operational viability in contexts of institutional uncertainty. 

Implications for innovation policy, ecosystem governance, and the design of intermediary 

organizations in late-development se�ings are discussed. 

Keywords: microfoundations; innovation intermediaries; innovation capabilities; institutional voids; 

operational viability; R&D management; emerging economies; viable system model; technology 

innovation; ecosystem governance 

 

1. Introduction 

Innovation emerges from the coevolutionary interactions of multiple actors (firms, universities, 

and innovation intermediaries) that collaborate to develop and stabilize new technological artifacts 

[1]. Among these actors, Research and Technology Organizations (RTOs) — a specific type of 

innovation intermediary — play a crucial mediating role in industrial innovation processes [2,3], 

particularly in emerging economies where institutional voids create distinct operational challenges 

[4,5]. These challenges include stakeholder articulation, public ownership issues, and political 

influences [6,7], all of which require specialized analytical a�ention. 

Recent publications on innovation intermediaries in emerging economies have highlighted how 

systemic institutional gaps demand adaptive, project-based approaches to collaboration [8,9]. 

However, these studies primarily focus on macro-structural or meso-level determinants, leaving a 

significant gap in understanding the microfoundations of operational viability, specifically, how 

individual-level actions, capabilities, and interactions aggregate into macro-level innovation 

outcomes under conditions of institutional uncertainty. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 April 2026 doi:10.20944/preprints202604.2091.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.2091.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 19 

 

The literature presents various approaches to improve innovation intermediary effectiveness 

[10–12], yet the evident divergence in key factors highlights how contextual heterogeneity impacts 

coordination [13,14]. As Villa-Enciso et al. [15] recently argued for the Latin American context, 

understanding how knowledge-producing organizations navigate institutional voids is essential for 

designing effective innovation policies. A critical gap remains: the frequent neglect of micro-level 

dynamics [6,16], which limits theoretical understanding of how internal factors (e.g., autonomy, 

creativity) balance with external constraints to maintain organizational adaptation and innovation 

performance. 

To investigate this gap, our study develops a novel framework combining microfoundations 

theory [17–19] with cybernetic principles from the Viable System Model (VSM) [20,21]. This 

integrated approach allows us to examine innovation intermediary operations through three 

interconnected modules: (i) macro-level system viability outcomes in institutional voids; (ii) meso-

level practices facilitating collaboration amid resource constraints; and (iii) micro-level behaviors of 

interface agents managing coordination tensions, including international partnerships. The concept 

of institutional voids is central to our analysis, as RTOs in emerging economies must often 

compensate for institutional deficiencies by building alternative governance mechanisms and 

relational capital. 

Thus, this study addresses two research questions: (1) How does a modular microfoundational 

framework trace micro-level actions, meso-level practices, and macro-level structures to collectively 

shape the operational viability and technological innovation capabilities of innovation intermediaries 

in emerging economies? (2) What are the implications of these multi-level dynamics for innovation 

policy and ecosystem governance in late-development contexts? 

By shifting the diagnostic focus from macro-structural determinants to the fine-grained 

dynamics of individuals and their interactions, our study offers actionable levers for RTO managers 

and innovation policymakers. We contribute to innovation management research by: 

operationalizing Coleman's micro-macro link to enable cross-context benchmarking of innovation 

intermediaries; decoding how meso-micro-level actions (e.g., boundary-spanning practices) co-

evolve with ecosystem-level innovation; and providing a granular framework to analyze the 

microfoundations of collaborative innovation in resource-constrained se�ings. Empirical evidence 

from a Brazilian RTO —a critical case in a late-development context — reveals how context-specific 

microfoundations determine operational efficiency and technological emergence. 

The paper is organized as follows: Section 2 presents the research design. Section 3 introduces 

our conceptual framework. Section 4 applies this framework to a case study of a Brazilian RTO. 

Section 5 discusses the framework's contributions to innovation theory and policy, and Section 6 

reflects on broader implications and future research. 

2. Methodological Design 

This study was conducted in three sequential stages: 1) literature mapping, 2) development of 

conceptual-theoretical constructs, and 3) empirical application and validation of these constructs. 

Our overall approach is hypothetical-deductive [22], employing a multi-method qualitative design 

that integrates various data collection and analysis techniques (Figure 1). 
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Figure 1. Methodological Design. 

2.1. Research Methods and Techniques for Defining the Constructs 

Systemic modeling [23,24] grouped system-oriented concepts and practices to address the 

identified problematic system, resulting in conceptual-theoretical constructs and testable 

propositions. The modeling of these variables, summarized in Section 3, involved a systematic 

literature review (detailed in previous publication, authorship omi�ed for peer review) to identify 

relevant ontologies from systems thinking, system-oriented perspectives, and operations 

management, as well as bibliographic research based on qualitative comparative analysis [25] to 

extract insights on RTO management from existing studies. 

RTOs exhibit the characteristics of complex adaptive systems, given their common objectives 

and the intricate interplay of human interactions and environmental engagement. Consequently, we 

adopted a System of Systems Methodology (SOSM) [26], selecting the "complex-unitary" paradigm. 

This choice is deliberate, as it allows for the integration of organizational cybernetics (VSM) with the 

nuanced, collaborative dynamics peculiar to RTOs. This integrated perspective, informed by 

complexity and microfoundations theories, is thus ideal for developing constructs that explain 

interaction dynamics across multiple levels, including international partnerships. 
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2.1.1. Critical Case Selection and Transferability of the Framework 

We employed a single case study to conduct a falsification test [22], aiming to assess the practical 

applicability of the modular microfoundational framework. The central goal is not to verify the 

framework, but to subject it to rigorous testing to identify its limits and refine the underlying theory. 

The single case thus serves as a critical experiment capable of challenging or supporting the derived 

propositions. 

Following Yin [27], a critical case meets three conditions: (i) it tests a well-formulated theory 

under circumstances where the theory's propositions are likely to be confirmed or refuted; (ii) it 

represents a "most-likely" or "worst-case" scenario for the theoretical claims; and (iii) it permits 

analytical (rather than statistical) generalization.  

Our selected Brazilian RTO satisfies these conditions. First, it operates under severe institutional 

constraints (public ownership, political volatility), creating a context where our microfoundational 

variables could easily fail (i.e., if the framework holds here, it is likely to hold in more favorable 

se�ings). Second, Brazil represents a most-likely case for institutional voids among emerging 

economies [5], yet this RTO has maintained viability for over a century, making it ideal for testing 

how microfoundations compensate for macro-level deficiencies. 

Third, the case enables analytical generalization to other innovation intermediaries facing 

similar boundary conditions: institutional voids, resource constraints, and knowledge-intensive 

operations. The modular structure (macro-meso-micro) allows each module to be independently 

adapted to different institutional se�ings. To support transferability [28] we provide thick description 

of the case (Section 4), explicit coding rules (Table 1; Appendix B), and comparative table (Table 2). 

2.1.2. Data Collection and Analysis 

We selected this Brazilian RTO for its representativeness and its strategic positioning in a late-

development context, which makes it an ideal environment for testing the proposed micro-meso-

macro relationships within the framework. The RTO is headquartered in São Paulo city, has over a 

century of experience, annual revenues of approximately 36 million USD, and operates across seven 

technological domains. Our analysis focused specifically on its collaborative interface business units 

in biotechnology, advanced materials, and digital technologies. 

The data collection process followed a rigorous case study protocol based on Yin [27], 

encompassing planning, collection, validation, and reliability procedures (detailed in Appendix A). 

Our primary source of evidence was semi-structured interviews with six professionals (E₁–E₆) 

involved in operations and coordination, including researchers, scientific managers, and executives. 

Conducted online between October 2020 and January 2021, these interviews featured open-ended 

questions derived from our theoretical constructs (Table 1). All interviews were transcribed and 

subsequently validated for accuracy. 

To ensure data triangulation, we analyzed a range of secondary sources from the five-year 

period of 2019 to 2024. These sources included eleven documents (D₁–D₁₁) such as management 

reports and policies; five archival records (R₁–R₅), including patent catalogs and organizational 

charts; and four institutional videos (V₁–V₄). All validated transcripts and secondary materials were 

compiled into a research database. We analyzed the data using Bardin's categorical content analysis 

[29], applying a deductive approach with pre-defined categories derived from our framework (Table 

1). This technique was selected to support replicable inferences [30], while the final interpretation of 

the results was validated for accuracy via member checking [31]. 

3. Conceptual-Theoretical Constructs 

Our constructs are grounded in systems thinking, which posits that the relationships between 

components are often more critical than the components themselves [22,32]. This study leverages the 

principle of recursivity, i.e., the idea that characteristics of a whole system are mirrored in its 
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subsystems [26,34]. Therefore, by analyzing the micro-level operations of RTOs, we can derive 

insights into the dynamics of the entire organization. 

To analyze this micro-level subsystem, we adopt Coleman’s modular microfoundations [17]. His 

"bathtub" model is particularly suitable for RTOs, as it illustrates how macro-level viability emerges 

from the micro-level orchestration of internal actions and external partnerships. This dynamic is 

especially critical in emerging economies, where international collaborations are key for knowledge 

transfer and technological advancement [35,36]. However, while open innovation models champion 

such partnerships [37], a research gap persists: a lack of microfoundational analysis explaining how 

these cross-level connections actually function [38]. 

Our core argument, built upon this foundation, is that specific managerial factors act as either 

drivers (enablers) or limiters (impediments) to these cross-level connections. To develop this 

argument, this chapter unfolds in a structured sequence. We begin by delineating the RTO operations 

subsystem to define its components and boundaries (Section 3.1). We then introduce the modular 

microfoundational variables and the cybernetic channels that animate these components (Section 3.2 

onward). This detailed exploration culminates in two formal propositions (P1 and P2) in Section 3.4, 

which specify how these factors ultimately shape an RTO's technological innovation capabilities. 

 

Figure 2. Conceptual-theoretical constructs. 

3.1. Delineation of the Operations Subsystem of RTOs 

To delineate RTOs' operations, two principles are considered: boundaries [20,34,39] and 

perspectives of analysis [39,40]. The boundaries considered are a function of macroenvironmental 

agents involved in operations, including funding agencies, RTO intermediaries and national and 

international partnerships. The details of these agents in the case study align with Brazilian 

innovation policy [41]. 

From an internal perspective, this subsystem possesses its own viability, allowing it to 

adaptively pursue objectives set by upper management while remaining connected to the broader 

organization through feedback loops [26,34]. This subsystem is composed of core operational 

processes. Drawing on cross-functional process analysis [42] and a multilevel microfoundational lens 

[18,19], we identify four primary processes common to RTOs (develop and manage operational 

strategies; develop and manage projects/portfolios; manage services; and manage technology 

transfer) [43]. The integrated management of these processes is what converts resources into 

technological outputs and generates value. 

The emergent and interconnected nature of these processes requires a robust framework for 

managing complexity. Beer's (1985) Viable System Model (VSM) [21] provides such a tool. The VSM 

is designed to achieve homeostasis between management and operations through regulatory 

feedback, enabling an organization to adapt to its environment — including the complexities of 

global R&D networks — while maintaining viability.  

While the VSM describes five interacting subsystems, i.e., Implementation (System 1: 

operationalization of organizational purposes, which takes place at the operations level); 
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Coordination (System 2); Operational Control (System 3); Development (of the macro-organization, 

in relation to its internal and external environment, System 4); and Policy (System 5, planning of 

directives that guarantee continuous organizational adaptation in the long term) [20,44,45], our 

analysis concentrates on the first (Implementation), which represents the operational level.  

From the broader VSM framework, we specifically apply the concepts of recursion and dynamic 

information channels to analyze the connections within and between the RTO's operational 

processes. 

3.2. Cybernetics of Connections and Factors that Affect them 

Our framework (Figure 3), grounded in cybernetic principles [21,26], models three critical 

channels of interaction. In addition to (1) horizontal interrelationships among operational processes 

and stakeholders, and (2) vertical channels for top-down regulation [46], we introduce a third crucial 

element: (3) a bo�om-up flow representing emergent human and social interactions. At the 

operational level, our analysis aims to identify the factors affecting these channels, thereby 

influencing resource optimization, communication effectiveness, and overall performance [6]. 

 

Figure 3. Parts, connections and modular microfoundations for evaluating the operations management of 

RTOs. 

From a macro perspective, vertical channels (2) facilitate traditional top-down management. 

Through them, executive managers coordinate and control operations, providing feedback and 

establishing regulatory loops — such as standardization and audits — to ensure alignment with 

organizational objectives and maintain systemic cohesion [34]. However, an RTO's long-term 

adaptability depends on navigating more than just formal controls [47]. While top-down regulation 

is essential, RTOs face a critical complexity: emergent, bo�om-up behaviors (3) arising from human 

and social interactions often influence and shape strategies in unforeseen ways [44,48]. 

Understanding this dynamic is crucial for achieving internal stability and long-term goals [26]. 

These emergent behavioral dynamics represent a blind spot for traditional management models 

and the VSM, which prioritize formal control and resource allocation [49]. This oversight is critical, 

as operational units, often guided by the informal rules of their members, can collectively build, or 

impede, the emergence of value, independent of formal strategy [48]. To address this gap, we advance 

a modular microfoundational framework that synthesizes Felin et al.'s focus on micro-to-macro 
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explanations [18,19] with the systemic logic of Coleman's bathtub model [19]. This approach is 

operationalized through three interconnected analytical modules, as detailed in the following section. 

3.3. Modular Microfoundations 

The microfoundational variables operate through modular logic [19], where structure 

establishes the macro-to-micro conditions (Module A-B) that enable or constrain organizational 

actions [17,50]. These structural parameters dynamically interact with practices (Module B-C), the 

meso-level processes that institutionalize social interactions and coordinate organizational 

connections [18], ultimately shaping innovation and adaptation capabilities [51]. At the micro-level 

(Module C-D), individuals serve as the cognitive nuclei that activate these capabilities through 

purposeful agency [13], completing Coleman's bathtub sequence.  

As Ambos et al. [38] demonstrate, this modular decomposition allows examining how structural 

constraints (A-B), practice-mediated interactions (B-C), and individual actions (C-D) collectively 

determine RTOs' operational viability, particularly in managing the tension between autonomy and 

national and international cooperation in innovation ecosystems. This macro-meso-micro lens 

provides the analytical foundation for the variables detailed in the following dimensions. 

3.3.1. Structure: Organization and Communication for Decision-Making 

Organizational architecture and communication channels for decision-making play a dual role 

in RTOs. Formalized structures, including those incorporating international representation (e.g., 

advisory boards; co-funding partnerships), enhance operational efficiency by facilitating information 

processing, knowledge acquisition, and coordination. These mechanisms are vital for the efficient 

allocation of public resources [52,53] and for bridging communication between national and 

international stakeholders. 

Specifically, international cooperative structures serve as instruments of foreign policy, 

advancing a nation's strategic interests abroad [54,55], and become central to innovation by effectively 

integrating local and international knowledge networks [56]. Thus, structural variables represent the 

essential Module A-B (macro-to-micro) conditions that set the stage for action. 

Conversely, the literature also highlights a significant tension: rigid, hierarchical structures can 

stifle the autonomy and flexibility essential for technological research and development  [13,16,57]. 

Excessive formalization is reported to hinder scientific knowledge integration and effective 

coordination [13,16], leading to proposals for more adaptive, organic organizational models [57]. 

Ultimately, these structural variables define the formal landscape of an RTO, establishing the 

critical balance between operational control and creative freedom. They set the stage for how internal 

and external players, resources, and processes interact. However, structures are static; it is through 

organizational practices that this formal landscape is brought to life. 

3.3.2. Operational, Support, and Management Practices 

Practices constitute critical microfoundations for RTO efficacy. The literature identifies several 

enabling practices, including process-based road-mapping for knowledge integration [58,59], open 

innovation strategies[12], and quality management initiatives, such as targeted trainings and surveys, 

that enhance organizational alignment and cooperation [60].  

Beyond general procedures, specific practices are crucial for managing the complexity of 

collaboration. These include formal mechanisms like terms of reference to ensure strategic alignment 

[3] and, critically for cross-border work, specialized information systems for managing cooperation 

projects [36]. Furthermore, the active exploitation of both national and international S&T 

infrastructure is achieved through targeted practices such as technology networks, joint international 

research projects, and the management of bi-national science parks and incubators [61]. These 

practices embody the meso-level mechanisms (Module B-C) that translate structural conditions into 

coordinated organizational action. 
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3.3.3. Individuals: Values for Cooperation, Values for Professionalization, and Leadership Profile 

Individuals represent a critical microfoundation for understanding complex organizations [48] 

like RTOs. Three key individual-level variables emerge from the literature as influential for 

operations management: values for cooperation, values for professionalization, and leadership 

profile. 

The values individuals hold directly impact coordination and control. While researchers are 

essential for formulating and implementing international S&T collaboration [54], a divergence 

between individual and organizational goals can hinder the achievement of effective research 

outcomes and disrupt behavioral coherence within the organization [47,48]. This is often 

compounded by a prevalent belief among researchers that the uncertainty of technological research 

cannot be managed by formal systems, creating a significant barrier to adopting management 

standards [11,60,62]. 

In contrast, strong leadership is consistently identified as a critical success factor for fostering a 

successful organizational environment and achieving positive outcomes in RTOs [43,62–64]. In 

summary, individual agency and cognition are the ultimate micro-foundations (Module C-D) from 

which macro-level outcomes emerge. These variables govern the human and social dynamics of the 

RTO, representing the source of the bo�om-up emergent behaviors discussed earlier. It is through 

the aggregation of these individual actions that formal strategies are either realized or reshaped, 

ultimately determining the collective achievement of organizational goals. 

3.4. Synthesis of the Constructs 

Table 1 synthesizes our conceptual constructs, which are operationalized through two core 

propositions linking the microfoundational variables to the systemic dynamics of RTO operations: 

Proposition 1. (P1): Structural (Module A-B) and Practice-based (Module B-C) variables directly shape an 

RTO’s formal and informal networks, internal integration, and operational optimization. These variables 

primarily influence the systemic channels of interrelationship and regulation, while also contributing to bo�om-

up integration. 

Proposition 2 (P2): Individual-level (Module C-D) variables are the primary determinants of social integration 

and the quality of relationship networks, including cross-border collaborations. These variables are the core 

source of the bottom-up integration channel.  

Inspired by Cooper [65], our framework categorizes drivers and limiters by their systemic 

function, offering a clear diagnostic tool for RTO managers. This distinction provides a strategic 

roadmap, as interventions targeting interrelationship and regulation factors can yield short-term 

impacts on operational efficiency. Conversely, addressing the more complex bo�om-up integration 

factors requires sustained, long-term initiatives, which are crucial for shaping organizational culture 

and sustaining innovation outcomes, including the context of international collaborations. 

Table 1. Constructs of the diagnostic tool. 

Analysis Variable Connections | Factor   Drivers (+)|Limiters (-) Emphasis  

Structure: 

division of labor;  

communication for 

decision-making  

  

Practices:  

Interrelationships 

among processes, 

resources, and 

stakeholders    

Factors that drive  

(+) or limit (-) 

interrelationships  

among processes, 

resources, and 

stakeholders (P1)  

Operational  

Regulation of operations Factors that drive  Tactical 
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operational, support and 

management  

  

Individuals:  

values for cooperation;  

values for 

professionalization; 

leadership profile 

(+) or limit (-) the 

regulation of operations 

(P1)  

Bottom-up integration  

Factors that drive (+) or 

limit (-) the integration 

between parts (P2)  

Strategic  

Implications for innovation systems and policy are also briefly mentioned. 

3.5. Implications for Innovation Systems and Policy 

The modular framework carries direct implications for innovation policy and ecosystem 

governance in contexts of institutional voids [8,9]. Extending the VSM's logic to innovation 

intermediaries requires a�ention to how policy instruments interact with microfoundational 

variables. Rather than imposing uniform structural reforms, policymakers can use our three-module 

diagnostic (macro-meso-micro) to identify which specific level constitutes the binding constraint on 

operational viability. Where institutional voids primarily affect resource access, interventions might 

focus on funding mechanisms; where collaboration failures dominate, meso-level practice reforms 

are more appropriate; where leadership gaps are critical, micro-level capacity building becomes the 

priority. 

Intermediary structures (such as Technology Innovation Centers and Support Foundations) 

function as cybernetic regulators [34] that buffer RTOs from institutional volatility while amplifying 

their strategic reach. Policymakers in emerging economies can leverage such intermediaries to de-

risk international collaborations and reduce transaction costs [15]. In addition, the framework's 

boundary conditions (institutional voids, resource constraints, and knowledge-intensive operations) 

provide criteria for policy transfer across contexts without assuming universal validity. 

4. Results 

This section presents the empirical application of the theoretical constructs, detailing the 

microfoundational dynamics within business units of a Brazilian RTO. The findings are structured to 

first establish the macro-contextual conditions, then trace their manifestation in meso-level practices, 

and finally examine their implications for micro-level individual actions. This analysis reveals how 

macro-level operational viability is shaped by the interplay of structure, practices, and individuals, 

with a particular focus on how these cross-level interactions enable strategic shifts toward 

international collaboration. The results are organized through a categorical analysis that explicates 

these relationships across the entire micro-meso-macro spectrum. 

The units’ operational planning is embedded within a multi-level strategic framework. Its 

annual action plans and indicators are derived from a five-year strategic plan, which itself is informed 

by macro-organizational debates and aligned with the multiyear plan of the São Paulo state 

government. A significant restructuring initiated in 2022 aimed to bolster its innovation ecosystem. 

This strategic shift involved creating an Internationalization Advisory Office and an Innovation Hub 

to foster an open innovation culture. These structural changes (Module A-B) are designed to facilitate 

partnerships with multinational companies and develop the national innovation system, marking a 

transition from identifying market opportunities through prospection to a strategic intent (macro-

level outcome) of building collaborative innovation environments. 

The approach to external technological demands is evolving from a decentralized, passive model 

to a coordinated, strategic one. Goals for 2024 explicitly prioritize expanding national and 

international operations. Initial negotiations are conducted discreetly by representatives from 

operations, the Technological Innovation Center (NIT), and administrative areas, reflecting 

specialized coordination practices (Module B-C). Project administration and financial management 
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are executed collaboratively, relying on a division of labor overseen by a project office, administrative 

manager, and controller, with crucial support from the Support Foundation for administrative 

intermediation. 

When internal competencies are insufficient, the unit activates collaborations with national and 

international universities and RTOs. A key meso-level practice is the use of partnerships with funding 

agencies to subsidize projects, mitigate risk, and generate revenue. These partnerships, particularly 

with governmental bodies, enable the structuring of international technological cells, such as unit for 

applied research in artificial intelligence, a fruit of a multilateral agreement supported by an 

International Advisory Board, highlighting its global integration. 

Concurrently, a suite of support practices is employed for competency development and 

information control. These include mentoring, performance evaluations, management rotation 

programs, and the use of information systems (intranet, performance dashboards, project 

management blogs). Within laboratories, a flexible, autonomous dynamic for project execution is 

maintained, with basic rules and deliverables monitored by a project manager in a matrix-like 

structure, ensuring operational coordination. Final technology transfers involve onsite visits from 

prototype to production scale, while the Directorate of Innovative Environments and NIT handles 

legal aspects of intellectual property and funding. 

The micro-level (Module C-D) analysis centers on individual agency and competencies. The 

technical-scientific capabilities are evidenced by volumes of technological deliverables and patents. 

The organizational culture emphasizes research professionalization, yet cooperation values and 

researcher profiles reveal a dependence on relational a�ributes (such as history of interactions, 

affinity, and trust) for conducting multidisciplinary research. This suggests a tendency toward 

forming closed relational networks among specific researcher groups. 

Challenges include potential dedication conflicts and difficulties in maintaining a uniform sense 

of urgency across teams where researchers are not managers, pointing to a need for enhanced soft 

skills development. There is a clear appreciation for researchers with multiple competencies (both 

soft and hard) to occupy strategic positions. The profile of the operations executive director was 

highlighted as pivotal for maintaining intense communication and coordination among business unit 

directors, sharing research demands, and addressing challenges related to researchers in leadership 

positions, noting that "the researcher's comfort zone is the technical area" (E1). Similarly, international 

collaborative technology projects appear to depend heavily on the multiple competencies of the 

principal investigators for project structuring and coordination. 

In summary, the evidence reveals an RTO navigating a pivotal transformation. While its strong 

technical culture and autonomous practices have historically ensured its complexity management 

[21], the organization is now undergoing a strategic conscientization: a growing recognition that 

future success depends on strategic reorganization. This shift aims to cultivate essential interpersonal 

competencies and build more enabling structures, consciously designed to foster the robust internal 

and international collaborations required for its next stage of evolution. 

Factors Affecting Operations Management 

Table 2 compiles the structured drivers and limiters, along with the sources of evidence used in 

their categorization (detailed information is available in Appendix B) and an emphasis on future 

short and long-term intervention actions. 

Table 2. Summary of factors that affect the operations management of RTOs. 

Factor Category Drivers (+), Limiters (-) | Sources of Evidence Emphasis 

Interrelationships 

among 

operations, 

resources, and 

stakeholders 

(+) Interactive relationships | E1, E2, E3, E4, E5, E6, D1, D6, D8, D9, 

D11 ; Information systems | E1, E2, E3, E4, E6, D1, D3, D4; 

(-) Failures in the operationalization of practices | E1, E2, E3, E4, E6, 

D4 

Operational 
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Regulation of 

operations 

(+) Centralized project control| E1, E3, E4, E5, E6, D1, D2, D3,D4; 

Development of technical and scientific competencies | E1, E3, E4, 

E5, D2, D3, D4, D9, D10, D11 

Tactical 

Bottom-up 

integration 

 (+) Development of (general) skills | E1, E2, E3, E5, D4; (+) 

Integrative Operations Leadership | E2, E3, E4, E6, D11; 

(-) Soft competencies (to be developed) | E1, E2, E3, E4, E5, E6 

Strategic 

As Jackson asserts, “Operations seeking to thrive in their macro environments need to balance 

their varieties” [26, p. 300]. The findings reveal that this balance is achieved through a complex 

interplay of factors across macro, meso, and micro levels, with international collaboration emerging 

as a strategic dimension. 

At the macro level (Module A-B), operational homeostasis in the short and medium term is 

significantly driven by interactive relationships and robust information systems. The century-long 

experience of the RTO has cultivated a unique competency in building and maintaining these 

relationships, supported by a robust administrative structure. This includes the NIT, which operates 

as a key macro-level function for competitive intelligence and managing intellectual property. This 

foundation is now being strategically extended through new structural mechanisms, such as the 

recently established Internationalization Advisory Office and the Innovation Hub. These initiatives 

represent a concerted shift in strategy aimed at fostering an open innovation culture and are already 

serving as pivotal instruments for facilitating nascent partnerships with multinational companies and 

integrating the RTO into global knowledge networks. 

Furthermore, the information systems not only enhance the knowledge base for problem-solving 

and decision-making but also foster collaboration and creativity in information synergy creation, 

enabling greater centralization without bureaucratization [57,66]. Conversely, the limiter failures in 

the operationalization of practices points to inefficiencies in some pilot-tested or discontinued 

practices, hindering the full optimization of these macro-level connections. 

At the meso level, this strategic shift is supported by two institutional pillars: centralized project 

control and the continuous development of technical competencies. This control is exercised through 

a robust structure for monitoring and decision-making, which includes dedicated staff structures 

within the operations directorate, such as the project office, and key intermediary structures like the 

Support Foundation. These structures enable cooperative intervention and resource balancing, 

a�enuating horizontal operational varieties without stifling project execution. 

The technical-scientific capabilities, a noted competitive differential, are further enhanced 

through targeted training programs and, crucially, through partnerships with national funding 

agencies. These agencies play a pivotal meso-level role (Module B-C) by subsidizing integrative 

collaborative projects, which include international partnerships with multinational companies, 

universities, and other RTOs, thereby helping to mitigate risks and providing essential extra-

budgetary resources for modernizing infrastructure. This support structure directly boosts the unit's 

market competitiveness and long-term capacities. 

Ultimately, the success of these macro and meso-level initiatives hinges on the micro-level 

dynamics of bo�om-up integration, driven by the development of general skills and integrative 

leadership, yet challenged by a need for further developed soft competencies. As the cognitive nuclei 

of the technological research and innovation process [67], researchers and internal agents are 

indispensable. Their existing values for research professionalization are evident. However, the study 

provides evidence that effective collaboration, including on international projects, is often dependent 

on relational a�ributes like trust, affinity, and the multiple competencies of principal investigators. 

Integrative leadership, exemplified by the operations executive director, is a critical driver for 

maintaining intense communication, sharing research demands, and fostering synergies across 

business units [11,60,68]. These leadership skills, which can be cultivated through existing practices 

like mentoring and management rotation programs, are vital for promoting both internal and 

external collaborations. 
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The current tendency towards closed relational networks and challenges in leading scientific 

teams highlight the strategic limiter: the need to develop soft skills to a greater degree. As Espinosa 

et al. note, balancing varieties requires “trained and engaged individuals” [69, p. 642], and soft 

competencies are essential for achieving the “adequate intensity” of integration that fosters, rather 

than prevents, the emergence of new valuable connections [48, p. 180]. Without such competencies, 

international technological collaboration may not be effectively realized 

5. Discussion 

Our study responds to calls for microfoundational analysis in innovation management by 

integrating cybernetic principles (VSM) and systems thinking with Coleman's modular framework. 

This approach allowed us to dissect the operational viability and technological emergence of an 

emerging-economy RTO through the interplay of macro-structural conditions, meso-level practices, 

and micro-level individual agency. Theoretically, this integration is a core contribution to 

organizational systems theory and the management of technological innovation. We adapted the 

VSM, which traditionally underemphasizes social variables and agent motivation [70], by 

incorporating bo�om-up interaction flows and microfoundational dimensions. This unique synthesis 

establishes a novel diagnostic lens for identifying factors that affect systemic operational connections 

crucial for efficient R&D and innovation outcomes. 

Applying this framework reveals the RTO's strategic intent to internationalize, a journey still in 

its early stages. Macro-level strategic restructuring, evidenced by the creation of an 

Internationalization Advisory Office and Innovation Hub, signals a concerted shift toward external 

engagement and the systemic management of innovation. However, unlike RTOs from advanced 

economies that may pursue more direct forms of international expansion [71], this RTO's path is 

characterized by a project-based, network-driven model. This pa�ern reflects its emergent strategy 

and the constraints of its late-development context, where global integration is pursued 

incrementally through collaboration and knowledge exchange rather than asset ownership. This 

finding directly illustrates how institutional voids shape strategic choices, as discussed in Section 3.5. 

This project-based innovation is fundamentally enabled by meso-micro dynamics. At the meso-

level, robust intermediary structures like the Support Foundation and practices involving national 

funding agencies are crucial. They subsidize collaborative R&D projects, mitigate risk, and provide 

essential resources, acting as key systemic regulators that enhance operational competitiveness.  

As Vallejo et al. [8] observed in Sub-Saharan African innovation intermediaries, such structures 

compensate for weak market institutions by building alternative governance mechanisms. 

Simultaneously, at the micro-level, the success of collaboration depends on individual agency—

specifically, the relational capital, multiple competencies, and integrative leadership of principal 

investigators. This underscores that without strong soft skills and leadership to foster trust and 

manage coordination, technological innovation may not be effectively realized. Osorno-Hinojosa et 

al. [9] similarly found that value co-creation in emerging economy platforms depends on micro-level 

actors who bridge institutional gaps. 

Consequently, the RTO's operational viability and continuous innovation capability hinge on 

strengthening these meso-micro foundations. For an innovation intermediary where human capital 

is crucial [13], this goes beyond efficiency; it requires prioritizing systematized mechanisms that 

increase knowledge and collaboration prospects [57]. This entails investing in change-readiness 

programs [47] and, critically, cultivating leadership that embodies a sense of mission and can 

establish effective linkages with both internal and external collaborators [64]. Villa-Enciso et al. [15] 

reached a similar conclusion regarding Latin American universities, emphasizing that transformative 

innovation policy must address micro-level capacity building alongside structural reforms. 

A core tenet of our hypothetical-deductive approach is to critically evaluate our own constructs 

against the empirical evidence. The analysis of the propositions proceeds as follows. Proposition P1 

was partially verified. The structural configurations and practical variables were indeed central to 

optimizing and regulating operations. The robust project control intermediation and the organization 
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of research teams in informal matrix structures facilitated coordination based on mutual adjustment 

and cooperative intervention [26], achieving significant R&D efficiencies.  

The macro-level structure plays a vital role in balancing internal and external varieties, 

particularly evident in the strategic treatment of external complexity as a quality indicator in science 

and technology contexts [54,71]. The establishment of the Internationalization Advisory Office 

exemplifies a structural mechanism designed to a�enuate the complexity of external engagement and 

amplify the RTO's strategic reach. However, no direct factor linking structural variables to bo�om-

up integration emerged. This may be associated with the inherent tension between the hierarchical 

nature of formal structure and the flexibility required to manage complexity, which often necessitates 

non-hierarchical methods [46,48]. Future refinements to the constructs could include variables that 

be�er capture this interface. 

Proposition P2 was fully verified. The values for cooperation, values for professionalization, and 

leadership profile were representative of the behavioral dynamics important for project execution. A 

key finding was the critical dependence on individuals — specifically the principal investigators — 

to structure technological partnerships, including international ones. Their relational capital, 

multiple competencies, and leadership are indispensable. This finding is consistent with the nature 

of complex adaptive systems, where value emerges from formal, spontaneous, and informal 

relationships between individuals [48]. The profile of researchers themselves emerged as an 

unforeseen but significant variable, directly impacting the execution and outcomes of 

multidisciplinary R&D projects. 

The empirical test highlights the robustness of our framework's micro-level components (P2) 

while revealing the complex and sometimes indirect influence of macro-level structures on bo�om-

up dynamics (P1). This critical evaluation not only validates the core tenets of our model but also 

points to clear avenues for its future refinement. The identification of the "researcher profile" as an 

unforeseen variable suggests a promising path for expanding the framework, particularly in how 

RTOs manage and develop their operational human capital. 

To evolve its management practices and solidify its innovation trajectory, the organization could 

distribute specific actions among agents at the subsystem's frontier, as suggested by literature on 

RTOs [7,62]. These include developing robust evaluation mechanisms to measure collaborative 

activities against both technological and long-term innovation criteria; actively encouraging 

partnerships among agents to exchange management experiences; and benchmarking with other 

RTOs to incorporate international good practices. Analyzing discontinued practices could also clarify 

whether failures stem from ad hoc demands, resource gaps, or institutional prioritization issues, 

providing clearer direction for future interventions 

6. Final Considerations 

This study addressed two research questions: how multi-level dynamics shape the operational 

viability and innovation capabilities of innovation intermediaries in emerging economies, and how 

external partnerships influence these dynamics. Our modular framework confirms that an RTO's 

viability is an emergent property of macro-structural conditions, meso-level practices, and micro-

level individual agency. The management of external complexity functions as both a strategic 

outcome and a catalytic force, implemented through a project-based, network-driven approach 

suited to late-development contexts. 

As theoretical contributions, first, we operationalize Coleman's micro-macro link with the VSM, 

creating a diagnostic tool for innovation intermediaries that enables cross-context benchmarking of 

operational drivers and limiters. Second, we adapt the VSM to address social variables and micro-

dynamics, moving beyond its traditional emphasis on formal structures and responding to recent 

calls in cybernetics literature. 

Third, we provide a context-sensitive lens for innovation intermediaries operating in 

institutional voids, directly aligning with the Journal of Innovation's scope on innovation under 

uncertainty. These contributions advance both innovation management research and systems theory 
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by decoding how micro-level actions (e.g., boundary-spanning of principal investigators) co-evolve 

with ecosystem-level innovation. 

Regarding policy implications, our findings offer three actionable leverage points for innovation 

policymakers and ecosystem managers. First, at the macro-level, investing in specialized 

intermediary structures, such as Internationalization Advisory Offices and Innovation Hubs, helps 

manage external operational complexity and fosters open innovation cultures. Second, at the meso-

level, leveraging funding agencies and support foundations to de-risk collaborative R&D projects is 

critical for mitigating institutional voids.  

Third, at the micro-level, prioritizing the development of integrative leadership and soft skills 

among researchers is indispensable for successful multidisciplinary and international R&D projects. 

The modular nature of our framework allows policymakers in different contexts (e.g., Sub-Saharan 

Africa, Southeast Asia, Latin America) to adapt specific modules under the three boundary 

conditions specified in Section 2.1.1: institutional voids, resource constraints, and knowledge-

intensive operations. 

As limitations, the primary constraint is the inside-out perspective, relying on internal views of 

the RTO. Future work incorporating external viewpoints from partners (funding agencies, client 

firms, international collaborators) would provide more comprehensive triangulation. Additionally, 

while validated in this critical case, the constructs would benefit from application in other emerging 

economies to test their generalizability across different institutional configurations.  

Future research could also apply our framework to assess how innovation intermediaries 

contribute to grand challenges such as net-zero transitions and inclusive innovation. By focusing on 

the microfoundational drivers of operational viability, this study provides a framework for building 

more resilient innovation intermediaries capable of navigating institutional voids and fostering 

sustainable development. 
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Appendix A. Protocol for the Case Study 

A.1. Objective 

Apply (test) the constructs of the theoretical conceptual tool; and verify their validity. 

A.2. Research Questions for the Field Study 

How is the business unit's operations managed? What are the dynamics of carrying out 

operations? How does it impact the structuring of connections between parties involved with 

operations? 

A.3. Procedures for Data Collection and Criteria for Quality Assurance (as Planned) 

The representative of the executive management must be explained about the objectives of the 

study and asked to indicate the advisees who can contribute to the research, according to 

delimitations on the representativeness of the professionals defined in the model. They must be 

contacted in advance to present the research and define the interview schedule. Check with the 

representative of the executive management the possibility of using the institutional name for the 

purpose of publicizing the study. 

Four instruments were defined for data collection, so that data triangulation is possible. Semi-

structured interviews; documentation analysis (checking live access documents available on 

institutional websites, as well as the possibility of accessing internal documents, as mentioned by 

interviewees); recording in archives; institutional videos. Data collection from interviews should be 

duly noted in a logbook and immediately transcribed for data reporting. Permission should be sought 

for recording of interviews. The script should be printed. Draft individual reports should be 

submi�ed for review by interviewees. Once validated, they will be consolidated into a single file for 

the formation of the database with the evidence collected. 

********* 

Semi-structured Interview Script 

(1) Identification of the Interviewee 

Name: 

Position: 

Time in the institution: 

(2) Structure and practices 

(2.1) How are strategy and operational opportunities developed? 

(2.2) How are projects/project portfolio developed and managed? 

(2.3) Is there service provision? How is it managed? 

(2.4) How is technology transfer managed? 

(2.5) What are the institutional support mechanisms for operations not directly related to 

operations that contribute to their successful completion? 

(3) Behavior 

(3.1) How can the business unit be described in terms of: (3.1.1) Collaboration between teams 

(general; project teams); (3.1.2) Acceptance of managerial/administrative practices and interventions? 

(3.2) What is the performance of scientific leaders like? How are their competencies developed? 

(3.3) What are the dynamics of the executive officers' actions? 

(4) Others 

(4.1) In your opinion, what drives the success of technology deliveries? What are the 

opportunities for improvement? 

(4.2) Are there other aspects not identified above that could be reported to enrich the research?  

********* 
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Appendix B. Categorization of Factors 

The categorization of the factors (Drivers/Limiters) followed the steps below: 

(1) Transcription, validation of the interviews and listening to the audio of the interviews. 

(2) Selection of speech excerpts (context units), inclusion in the driver or limiter worksheet, and 

naming (code) for each speech. Speeches that dealt with the same subject received the same code. 

(3) Selection of excerpts from the reports and other secondary data, following the criteria in item 2. 

(4) Grouping of codes into categories of factors according to the identified relationships (ie, between 

microfoundations dimensions and systemic connections). 

(5) The coded factors most mentioned in interviews (mentioned by four or more data) were 

considered. 

Categorization data available for referees at:  

h�ps://docs.google.com/spreadsheets/d/1OzQdNYHWhIPEoqPs2Ecc80ppL-

UhrBqK/edit?usp=sharing&ouid=105702777672378104778&rtpof=true&sd=true  
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