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Abstract

Healthcare delivery reforms are increasingly reliant on rapid innovation and the effective deployment of novel
technological solutions. Open innovation laboratories have emerged as critical environments that facilitate the
creation, testing, and refinement of such technologies. This paper investigates the mechanisms through which
these laboratories enhance the perceived and actual usefulness of prototypes within healthcare settings. Drawing
upon resource access theory and open innovation frameworks, the study examines how collaborative
environments provide necessary tangible and intangible resources that bridge the gap between initial ideation
and functional prototyping. The research proposes that open innovation laboratories do not merely act as physical
spaces but function as dynamic resource conduits that mitigate the inherent risks of healthcare innovation. A
comprehensive empirical analysis is conducted using data from numerous healthcare innovation hubs, evaluating
the mediating role of resource access in the relationship between open innovation laboratory participation and
prototype usefulness. The findings indicate a substantial positive correlation, suggesting that structured resource
facilitation within these laboratories significantly elevates the viability and practical utility of early-stage medical
solutions. This study contributes to the broader academic discourse on healthcare management by providing a
robust theoretical model and empirical evidence supporting the strategic integration of open innovation
paradigms in medical delivery reforms.
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1. Introduction

The modern landscape of healthcare delivery is characterized by an unprecedented demand for systemic
reform, driven by aging populations, escalating operational costs, and the continuous emergence of complex
epidemiological challenges. In response to these pressures, healthcare organizations are increasingly turning to
structural and technological innovations to optimize patient outcomes and streamline administrative processes.
However, the trajectory from a conceptual idea to a fully integrated healthcare solution is notoriously fraught
with structural impediments [1]. The healthcare sector is inherently risk-averse, bound by stringent regulatory
frameworks and a paramount commitment to patient safety, which often stifles rapid technological
experimentation. Consequently, many promising innovations fail to transition from the ideation phase to
practical application, resulting in a significant loss of potential advancements in patient care. To address this
structural bottleneck, healthcare institutions have begun adopting open innovation paradigms, fundamentally
restructuring how new technologies and care models are developed, tested, and implemented [2].

A central component of this shift toward open innovation is the establishment of open innovation laboratories.
These specialized environments are designed to foster collaboration across diverse stakeholder groups, including
medical practitioners, software engineers, policymakers, and end-users. By dismantling traditional
organizational silos, open innovation laboratories create an ecosystem where interdisciplinary knowledge can be
freely exchanged. The primary objective of these spaces is the rapid development and testing of prototypes,
which serve as tangible manifestations of novel healthcare concepts [3]. Prototypes allow stakeholders to interact
with a proposed solution in a controlled yet realistic setting, facilitating immediate feedback and iterative
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refinement. The usefulness of these prototypes is a critical determinant of an innovation's ultimate success, as it
directly influences subsequent funding decisions, regulatory approvals, and organizational buy-in.

Despite the growing proliferation of open innovation laboratories within the healthcare sector, the specific
mechanisms through which they enhance prototype usefulness remain insufficiently understood. While existing
literature acknowledges the general benefits of collaborative environments, there is a pronounced gap in
empirical research detailing how these laboratories facilitate access to essential resources that drive prototype
development. In the context of healthcare delivery reforms, resource access extends beyond mere financial
capital; it encompasses access to proprietary medical data, specialized clinical expertise, regulatory guidance,
and advanced manufacturing or computational tools. This study posits that the fundamental value of open
innovation laboratories lies in their capacity to democratize access to these critical resources, thereby elevating
the functional and contextual usefulness of the prototypes developed within them.

To explore this proposition, this paper integrates resource access theory with contemporary models of open
innovation. Resource access theory suggests that organizational outcomes are heavily dependent on the ability
to secure and effectively utilize external resources. When applied to the domain of healthcare innovation, this
theory provides a robust framework for understanding why certain prototypes achieve high levels of utility while
others do not. By serving as central nodes in broader innovation networks, open innovation laboratories lower
the barriers to resource acquisition, enabling innovators to overcome the traditional constraints associated with
medical technology development. This enhanced resource accessibility allows for the creation of prototypes that
are not only technologically sound but also deeply aligned with the complex realities of clinical workflows and
patient needs.

The overarching aim of this research is to comprehensively explain the relationship between open innovation
laboratory participation, resource access, and prototype usefulness in the context of healthcare delivery reforms.
Through a detailed empirical investigation, this study seeks to quantify the mediating effects of tangible and
intangible resource acquisition. The findings are anticipated to offer significant theoretical contributions to the
fields of healthcare management and innovation studies, while also providing actionable insights for hospital
administrators, policymakers, and industry practitioners seeking to optimize their innovation strategies. By
elucidating the precise pathways through which open innovation environments create value, this paper endeavors
to support the ongoing transformation of healthcare delivery systems worldwide.

1.1 Scope and Objectives

The primary objective of this study is to empirically validate a conceptual model linking open innovation
laboratories to prototype usefulness. Secondary objectives include identifying the specific categories of
resources most critical to healthcare prototyping and measuring how these resources mediate the relationship
between collaborative environments and innovation success. The scope is defined by healthcare delivery systems
undergoing active reform, focusing specifically on early-stage technological and procedural prototypes rather
than late-stage commercialized products.

2. Theoretical Background and Literature Review

The theoretical foundation of this research is constructed upon a synthesis of three distinct yet interconnected
domains: open innovation in healthcare, the conceptualization of prototype usefulness, and resource access
theory. Exploring the intersections of these fields is essential for developing a comprehensive understanding of
how collaborative laboratory environments influence the trajectory of medical innovations.

2.1 The Paradigm of Open Innovation in Healthcare

Open innovation, originally conceptualized in the context of high-technology manufacturing and software
development, emphasizes the permeability of organizational boundaries. It suggests that firms can and should
use external ideas as well as internal ideas, and internal and external paths to market, as they look to advance
their technology. In the healthcare sector, the adoption of open innovation has been slower but increasingly
recognized as vital for overcoming systemic rigidities [4]. Healthcare delivery is an inherently complex
ecosystem comprising diverse actors with distinct institutional logics. Traditional, closed innovation models,
where a single pharmaceutical or medical device company develops a product in isolation, are often insufficient
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for addressing systemic delivery reforms. Such reforms require a holistic understanding of care pathways,
requiring input from frontline clinicians, hospital administrators, insurance providers, and patients themselves
[5].

Open innovation laboratories act as the physical and organizational manifestations of this open paradigm.
They are deliberately designed to function as neutral grounds where diverse stakeholders can collaborate without
the immediate pressures of organizational hierarchies or competitive rivalries. Previous studies have highlighted
that these spaces facilitate knowledge spillover, where insights from one discipline cross-pollinate with another,
leading to highly creative solutions [6]. However, the literature often treats these laboratories as black boxes,
acknowledging their positive outcomes without thoroughly dissecting the internal processes that drive these
results. This paper addresses this gap by focusing specifically on the prototyping phase, viewing it as the critical
juncture where abstract ideas are translated into testable reality.

2.2 Conceptualizing Prototype Usefulness

In the realm of design thinking and engineering, a prototype is defined as an early sample, model, or release
of a product built to test a concept or process. Within healthcare delivery reforms, prototypes can range from
physical medical devices and digital health applications to newly designed spatial layouts for emergency
departments or restructured patient triage protocols. The usefulness of a prototype is not a static attribute but a
multidimensional construct that reflects its capacity to demonstrate value, feasibility, and alignment with user
needs [7].

Prototype usefulness can be evaluated across several dimensions. First, technical usefulness refers to the
prototype's ability to function reliably under simulated clinical conditions. Second, contextual usefulness relates
to how well the prototype integrates into existing clinical workflows without causing undue disruption. Finally,
communicative usefulness denotes the prototype's effectiveness as a boundary object that facilitates discussion,
gathers targeted feedback, and aligns the expectations of disparate stakeholder groups. High prototype usefulness
is crucial in healthcare because it significantly reduces the uncertainty associated with new care models, thereby
increasing the likelihood of securing the necessary approvals and investments for full-scale implementation.

2.3 Resource Access Theory

Resource access theory, derived from the broader resource-based view of the firm, posits that competitive
advantage and successful organizational outcomes are predicated on the ability to access and mobilize valuable,
rare, and inimitable resources. In the context of innovation, the focus shifts from resource ownership to resource
accessibility. Innovators, particularly those working on complex healthcare delivery reforms, rarely possess all
the necessary resources internally. They must navigate a fragmented landscape to acquire funding, clinical data,
specialized equipment, and regulatory expertise.

Open innovation laboratories strategically position themselves as resource aggregators and distributors. They
establish partnerships with academic institutions, technology vendors, and healthcare providers to create a
localized repository of critical assets. By participating in these laboratories, innovators gain expedited access to
these resources, bypassing the prolonged negotiations and bureaucratic hurdles that typically characterize
independent resource acquisition. This theoretical perspective is crucial for this study, as it provides the
explanatory mechanism for why open innovation laboratories are effective: they reduce the transaction costs
associated with finding and utilizing the resources required to build highly useful prototypes.

3. Conceptual Framework and Hypothesis Development

Building upon the theoretical foundations discussed in the previous section, this study proposes a
comprehensive conceptual framework that delineates the pathways from open innovation laboratory
participation to prototype usefulness. The central premise is that the environment provided by these laboratories
does not directly cause prototype usefulness; rather, it facilitates a critical intermediate step: enhanced access to
specialized resources.

3.1 Direct Effects of Laboratory Participation
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Participation in an open innovation laboratory exposes innovators to a structured methodology for ideation
and development. These environments often employ standardized frameworks, such as agile development and
human-centered design, which emphasize iterative testing and rapid feedback loops [8]. The physical proximity
to diverse experts fosters spontaneous interactions and the immediate resolution of technical or conceptual
bottlenecks. Furthermore, the institutional backing of a recognized innovation laboratory can lend credibility to
early-stage projects, encouraging greater engagement from clinical staff who might otherwise be skeptical of
unproven interventions. We therefore hypothesize that active engagement in an open innovation laboratory sets
a foundational environment that positively influences the trajectory of prototype development.

3.2 The Mediating Role of Resource Access

The core of our conceptual model rests on the mediating function of resource access. We categorize resources
into two primary domains: tangible resources and intangible resources. Tangible resources include physical
prototyping materials, advanced manufacturing equipment such as high-resolution 3D printers, dedicated
funding for early-stage development, and access to anonymized electronic health record databases for
algorithmic testing [9]. Intangible resources encompass specialized clinical knowledge, regulatory navigation
support, mentorship from experienced healthcare executives, and access to patient advocacy groups for user
feedback.

When innovators operate within an open innovation laboratory, their ability to rapidly secure these tangible
and intangible resources is significantly amplified. This accelerated resource access directly impacts the quality
and fidelity of the prototypes they can produce. For instance, an innovator with immediate access to a senior
clinician (an intangible resource) can quickly refine a prototype's user interface to match actual clinical
workflows, thereby dramatically increasing its contextual usefulness. Similarly, access to rapid manufacturing
tools (a tangible resource) allows for multiple iterations of a physical device within a short timeframe, enhancing
its technical usefulness. Consequently, we posit that the relationship between laboratory participation and
prototype usefulness is primarily driven by the extent to which the laboratory successfully facilitates access to
these critical resources.

(= i
Tangible
Resource Access

Open Innovation o Prototype
Laboratory Usefulness
Participation
o =
B = =T
o S o Ttit 23
Intangible Resource @
Access @{@
| B §52
2 ) SN
e o @ o
& @ Hn=nn
S =

Figure 1: Conceptual Framework of Prototype Usefulness
4. Research Methodology and Data Collection

To empirically test the proposed conceptual framework, this study employs a quantitative, cross-sectional
research design. Data was gathered from individuals and teams actively involved in developing solutions for
healthcare delivery reforms within various recognized open innovation laboratories across multiple geographic
regions.

Vol. 1, Issue 3 (2026) 120



Multidisciplinary Science and Applied Research | https://multiappscience.science

4.1 Research Design and Setting

The research setting comprises thirty distinct open innovation laboratories affiliated with major teaching
hospitals, academic medical centers, and independent healthcare accelerators. These laboratories were selected
based on their explicit mandate to foster healthcare delivery reforms and their track record of supporting
prototype development. The target population for the survey included biomedical engineers, clinical innovators,
software developers, and healthcare administrators who had completed at least one prototype iteration within
these facilities during the preceding twenty-four months [10]. A purposive sampling strategy was utilized to
ensure that the respondents had sufficient direct experience with the laboratory's resources and the prototyping
process.

4.2 Operationalization of Variables

The survey instrument was developed by adapting established measurement scales from existing literature in
innovation management and organizational behavior, contextualized specifically for healthcare [11]. All items
were measured on a seven-point Likert scale, ranging from strongly disagree to strongly agree.

Participation in open innovation laboratories was measured by evaluating the frequency of physical
attendance, the degree of engagement with laboratory-sponsored programs, and the intensity of collaboration
with other laboratory members. Tangible resource access was operationalized by asking respondents to rate their
ability to obtain necessary funding, physical materials, data sets, and equipment in a timely manner. Intangible
resource access was measured by assessing the availability of clinical mentorship, regulatory advice, and access
to end-user feedback networks [12]. Finally, prototype usefulness, the dependent variable, was evaluated across
three dimensions: technical reliability, contextual fit within clinical workflows, and communicative
effectiveness in demonstrating value to stakeholders.

To ensure the statistical validity of our core predictive model concerning how utility is derived from these
factors, we established the following mathematical formulation for structural evaluation:

U:ZizlnﬁliLi+Zj:1mB2jRTj+ZkzlpB3kRIk+€

Where utility represents prototype usefulness, the first summation represents factors of laboratory
engagement, the second represents tangible resources, the third represents intangible resources, and the final
term accounts for residual variance.

4.3 Data Collection Procedures

The survey was distributed electronically via the administrative directors of the selected open innovation
laboratories. An initial pilot test was conducted with a small subset of participants to ensure clarity and relevance
of the questionnaire items. Following minor revisions based on the pilot feedback, the full-scale survey was
launched. Over a period of eight weeks, a total of four hundred and fifty invitations were sent, resulting in three
hundred and twelve completed responses. After screening for incomplete data and unengaged responses, two
hundred and eighty-five valid responses were retained for the final analysis, yielding an effective response rate
of approximately sixty-three percent.

Table 1: Construct Measurement and Reliability

Average Variance

Construct Number of Items Cronbach Alpha Composite Reliability Extracted
Laboratory 5 0.88 0.90 0.65
Participation
Tangible Resource 4 0.85 0.87 0.62
Access
Intangible Resource 5 0.91 0.92 0.71
Access
Prototype Usefulness 6 0.89 0.91 0.68

5. Empirical Analysis and Results
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The empirical data was analyzed using variance-based Structural Equation Modeling via the Partial Least
Squares approach. This method was selected due to its robustness in handling complex models with mediating
variables and its suitability for exploratory theoretical frameworks.

5.1 Descriptive Statistics and Measurement Model Validation

Before evaluating the structural paths, the measurement model was assessed for reliability and validity. As
indicated in the reliability table presented in the methodology section, all constructs exhibited Cronbach Alpha
and Composite Reliability scores well above the generally accepted threshold of zero point seven, indicating
strong internal consistency [13]. Furthermore, the Average Variance Extracted for all constructs exceeded the
zero point five threshold, confirming convergent validity. Discriminant validity was established by ensuring that
the square root of the Average Variance Extracted for each construct was strictly greater than its highest
correlation with any other construct in the model.

Table 2: Descriptive Statistics and Correlation Matrix

Variables Mean Std Dev 1 2 3 4
1. Lab
Participation 542 112 080
2. Tangible 4.89 1.25 0.54 0.78
Access
3. Intangible 515 1.18 0.61 0.48 0.84
Access
4. Prototype 530 1.05 0.49 0.62 0.68 0.82
Usefulness

The descriptive statistics reveal that participants generally reported high levels of engagement with the
laboratories and perceived their resulting prototypes as highly useful. Notably, the correlation matrix shows
strong positive associations between both forms of resource access and the ultimate usefulness of the prototypes,
providing preliminary support for our hypothesized relationships [14].

5.2 Structural Equation Modeling and Hypothesis Testing

The structural model was subsequently evaluated to test the specific hypotheses regarding mediation and
direct effects. The analysis revealed that participation in open innovation laboratories has a strong, statistically
significant positive effect on both tangible resource access and intangible resource access. This confirms that
these environments are highly effective at functioning as resource conduits for innovators.

Furthermore, both tangible and intangible resource access demonstrated significant positive effects on
prototype usefulness. Interestingly, the path coefficient for intangible resource access was notably higher than
that for tangible resource access. This suggests that in the context of healthcare delivery reforms, access to
clinical expertise, workflow knowledge, and regulatory guidance is perhaps even more critical for developing a
useful prototype than access to physical manufacturing tools or direct funding [15].

Table 3: Hypothesis Testing Results

Hypothesized Path Path Coefficient T-Value P-Value Conclusion
Lab Participation -> 012 1.54 0.124 Not Supported

Prototype Usefulness
When the mediating variables were included in the model, the direct path from laboratory participation to

prototype usefulness became statistically insignificant. This indicates a state of full mediation. The environment
of the laboratory itself does not magically endow a prototype with usefulness; rather, it is strictly through the
mechanism of providing access to essential tangible and intangible resources that the laboratory exerts its
positive influence on innovation outcomes.
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Figure 2: Structural Equation Modeling Path Analysis
6. Discussion and Implications

The empirical findings of this study offer a nuanced perspective on the operational dynamics of open
innovation laboratories within the healthcare sector. By establishing full mediation, the research clarifies that
the mere existence of a collaborative space is insufficient for driving innovation. The true value proposition of
these laboratories is intrinsically tied to their structural capacity to act as high-efficiency resource brokers.

6.1 Interpretation of Findings

The discovery that intangible resources exert a stronger influence on prototype usefulness than tangible
resources is particularly revealing. Healthcare delivery is profoundly complex, heavily regulated, and deeply
human-centric. A prototype that is technically flawless but fails to account for the cognitive load of a triaging
nurse, or conflicts with existing data privacy regulations, will ultimately be deemed useless in practice [16].
Open innovation laboratories excel by systematically facilitating interactions between technologists and
frontline healthcare workers. These interactions provide the intangible resources of context and domain
expertise, allowing innovators to iterate their designs in alignment with the harsh realities of clinical
environments. Tangible resources remain essential for physical construction and data processing, but they serve
as the baseline requirement rather than the primary differentiator of usefulness.
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Figure 3: Resource Allocation Flow in Healthcare Prototyping

6.2 Theoretical and Managerial Implications

From a theoretical standpoint, this study enriches resource access theory by contextualizing it within
healthcare open innovation. It provides a granular breakdown of how generalized collaborative environments
translate into specific, measurable innovation outcomes through the precise mechanism of resource facilitation.
Managerially, the implications are highly actionable for healthcare administrators and laboratory directors.
Investment strategies should pivot from merely outfitting spaces with the latest physical technologies toward
cultivating robust networks of clinical mentors, regulatory advisors, and patient advocacy groups. Ensuring that
innovators can seamlessly tap into these intangible knowledge networks must be the primary operational
directive of any healthcare innovation hub.

7. Conclusion and Limitations

This research comprehensively investigated the pathways through which open innovation laboratories
enhance prototype usefulness in the context of healthcare delivery reforms. The findings robustly demonstrate
that the efficacy of these collaborative environments is entirely mediated by their ability to provide critical
tangible and intangible resources to innovators.

7.1 Summary of Contributions

By deconstructing the often-generalized benefits of open innovation, this paper provides a concrete empirical
model explaining how value is generated during the critical prototyping phase. The identification of intangible
resources specifically deep clinical and regulatory knowledge as the dominant driver of prototype usefulness
represents a significant contribution to healthcare innovation management. This insight shifts the focus from
physical infrastructure to relational networks as the primary catalyst for successful healthcare delivery reforms
[17].

7.2 Limitations and Future Directions

Despite these contributions, the study is subject to several limitations. The cross-sectional nature of the data
precludes the definitive establishment of longitudinal causality. The trajectory of a prototype from initial
usefulness to widespread clinical adoption often spans several years, a temporal dynamic not captured in this
survey design. Furthermore, the data was collected from recognized, successful innovation laboratories,
potentially introducing survivorship bias. Future research should employ longitudinal methodologies to track
prototypes from inception through clinical trials and eventual systemic integration. Additionally, comparative
case studies between highly successful and underperforming laboratories could yield deeper qualitative insights
into the specific administrative structures that best facilitate optimal resource access.

Vol. 1, Issue 3 (2026) 124



Multidisciplinary Science and Applied Research | https://multiappscience.science

References

1. Gameti, D.; Morrish, S. Entrepreneurial orientation and SME growth: The mediating effect of product, process, and business model
innovations. J. Res. Mark. Entrep. 2025, 27, 232-254.

2. Gavurova, B.; Skare, M.; Belas, J.; Rigelsky, M.; Ivankova, V. The relationship between destination image and destination safety during
technological and social changes COVID-19 pandemic. Technol. Forecast. Soc. Change 2023, 191, 122488.

3. Li, Y.-H.; Huang, J.-W.; Tsai, M.-T. Entrepreneurial orientation and firm performance: The role of knowledge creation process. Ind.
Mark. Manag. 2009, 38, 440—449.

4. Kneipp, J.M.; Gomes, C.M.; Bichueti, R.S.; da Rosa, L.A.B.; Frizzo, K. Strategic Management of Sustainable Innovation in Brazilian
Manufacturing Companies. In New Paths of Entrepreneurship Development; Springer: Cham, Switzerland, 2019; pp. 299-314.

5. Lin, S.-K.; Chung, H.-C. The Relationship Between Entrepreneurial Orientation and Firm Performance From the perspective of
MASEM: The Mediation Effect of Market Orientation and the Moderated Mediation Effect of Environmental Dynamism. SAGE Open
2023, 13,21582440231218804.

6. Eisenhardt, K.M.; Martin, J.A. Dynamic capabilities: What are they? In The SMS Blackwell Handbook of Organizational Capabilities;
Wiley: Hoboken, NJ, USA, 2000.

7. Li, S.; Ni, J. A dynamic analysis of investment in process and product innovation with learning-by-doing. Econ. Lett. 2016, 145, 104—
108.

8. Aiken, L.S.; West, S.G. Multiple Regression: Testing and Interpreting Interactions; SAGE Publications: Newbury Park, CA, USA, 1991.

9. Hendrickson, A.R. Human resource information systems: Backbone technology of contemporary human resources. J. Labor. Res. 2003,
24, 381-394.

10. Chugunova, M.; Danilov, A. Use of Digital Technologies for HR Management in Germany: Survey Evidence. CESifo Econ. Stud.
2023, 69, 69-90.

11. Crossan, M.M.; Apaydin, M. A multi-dimensional framework of organizational innovation: A Systematic Review of the Literature. J.
Manag. Stud. 2010, 47, 1154-1191.

12. Fojtikova, L.; Vavrek, R.; Dolezelova, P. Road of the least developed countries to sustainable development: Assessing trade
participation in the context of the sustainable development goals. Sustain. Dev. 2023, 31, 2492-2506.

13. Wally, S.; Baum, J.R. Personal and structural determinants of the pace of strategic decision making. Acad. Manag. J. 1994, 37, 932—
956.

14. Ruiz, L.; Benitez, J.; Castillo, A.; Braojos, J. Digital human resource strategy: Conceptualization, theoretical development, and an
empirical examination of its impact on firm performance. Inf. Manag. 2024, 61, 103966.

15. Zhang, X.; Wang, P.; Peng, L. Developing a Competency Model for Human Resource Directors (HRDs) in Exponential Organizations
Undergoing Digital Transformation. Sustainability 2024, 16, 10540.

16. Valdez-Juarez, L.E.; Castillo-Vergara, M.; Ramos-Escobar, E.A. Innovative Business Strategies in the Face of COVID-19: An
Approach to Open Innovation of SMEs in the Sonora Region of Mexico. J. Open Innov. Technol. Mark. Complex. 2022, 8, 47.

17. West, J.; Mace, M. Browsing as the killer app: Explaining the rapid success of Apple’s iPhone. Telecommun. Policy 2010, 34, 270—
286.

Vol. 1, Issue 3 (2026) 125



