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ABSTRACT

This study examines how open innovation has emerged as a critical strategic approach enabling
manufacturing firms to leverage external knowledge, technologies, and partnerships to enhance
competitiveness in an increasingly dynamic environment and practices enhance the
competitiveness of manufacturing firms in India, an important emerging economy characterized
by rapid industrial transformation and increasing global integration. While existing research
largely focuses on developed economies, empirical evidence from emerging economies such as
India remains limited. This study examines the role of open innovation practices in enhancing
the competitiveness of manufacturing firms in India, with particular attention to the mediating
role of technological capability. Drawing on Open Innovation Theory and the Dynamic
Capabilities perspective, data were collected from 427 manufacturing firms across multiple
industrial sectors in India using a structured questionnaire. Structural equation modeling (PLS-
SEM) was employed to test the proposed hypotheses. The results indicate that both inbound and
outbound open innovation practices have a significant positive impact on firm competitiveness.
Furthermore, technological capability partially mediates this relationship, underscoring the
importance of internal capabilities in extracting value from open innovation. The study
contributes to the growing body of open innovation literature by offering empirical insights
from an emerging economy and provides practical implications for managers and policymakers
seeking to enhance manufacturing competitiveness through collaborative innovation strategies.

© 2025 by the authors; licensee Advances in Consumer Research. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution (CC-
BY

BYNC.ND) license(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The manufacturing sector remains a fundamental driver
of economic growth, industrial upgrading, and
employment generation in emerging economies such as
India. Intensifying global competition, rapid
technological advancements, and increasingly shorter
product life cycles have substantially heightened the
pressure on manufacturing firms to innovate on a
continuous basis in order to sustain competitiveness
(Bogers et al., 2022; OECD, 2023). Traditional closed
innovation models, which rely primarily on internally
generated research and development (R&D), have
become progressively inadequate for addressing the
speed, complexity, and interdisciplinary nature of
contemporary technological change (Vanhaverbeke,
Chesbrough, & West, 2021). Consequently, open
innovation has gained prominence as a strategic
approach that enables firms to deliberately manage
knowledge inflows and outflows to accelerate

innovation processes and enhance firm performance
(Bogers, Foss, & Lyngsie, 2023).

India’s manufacturing sector is currently undergoing
significant structural transformation, driven by policy
initiatives such as Make in India, increasing adoption of
Industry 4.0 technologies, and deeper integration into
global value chains (World Bank, 2022; Kumar & Singh,
2023).  Despite  these  developments, Indian
manufacturing firms continue to face persistent
challenges, including limited R&D intensity, shortages
of skilled human capital, and gaps in advanced
technological capabilities (OECD, 2023). In this
context, open innovation provides a viable strategic
pathway by enabling firms to access complementary
knowledge, technologies, and resources through
collaboration with external stakeholders such as
suppliers, customers, universities, startups, and public
research organizations (Bogers et al., 2022; Radziwon &
Vanhaverbeke, 2023).
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Although open innovation has received growing
scholarly and managerial attention in recent years,
empirical evidence on its impact on firm
competitiveness in emerging economy contexts remains
relatively limited. Much of the existing literature
continues to be dominated by evidence from developed
economies, thereby constraining the generalizability of
findings to institutional environments characterized by
resource constraints, regulatory complexity, and market
volatility (Bogers, Chesbrough, & Strand, 2024).
Addressing this gap, the present study investigates the
role of open innovation in enhancing the
competitiveness of manufacturing firms in India.
Specifically, it examines the direct impact of open
innovation practices on firm competitiveness and
explores the mediating role of technological capability,
which is increasingly recognized as a critical mechanism
for translating openness into sustainable competitive
outcomes (Hervas-Oliver et al., 2021; Bogers et al.,
2023).

This study contributes to the literature in three important
ways. First, it extends recent open innovation research
by providing empirical evidence from an emerging
economy context, thereby enriching understanding
beyond developed market settings. Second, it integrates
technological capability as a mediating mechanism,
offering deeper insight into how open innovation
initiatives are converted into competitive advantages in
manufacturing firms. Third, the study provides practical
implications for managers and policymakers seeking to
enhance the competitiveness of Indian manufacturing
firms by fostering collaborative innovation ecosystems
and strengthening firm-level technological capabilities.

2. Literature Review

2.1 Open Innovation

Open innovation has emerged as a dominant innovation
paradigm that departs from traditional closed innovation
models by emphasizing the strategic importance of
external knowledge sources in the innovation process.
Rather than relying exclusively on internally generated
research and development (R&D), open innovation
encourages firms to purposefully manage knowledge
flows across organizational boundaries to enhance
innovation efficiency, speed, and market reach
(Vanhaverbeke, Chesbrough, & West, 2021; Bogers et
al., 2022). This approach reflects the growing
complexity of technological development and the
recognition that valuable knowledge is widely
distributed across firms, institutions, and networks.
Recent literature conceptualizes open innovation as a
dynamic and deliberate process through which firms
combine internal capabilities with external ideas,
technologies, and resources to generate superior
innovation outcomes (Bogers, Foss, & Lyngsie, 2023).
Open innovation is particularly relevant in
manufacturing sectors, where rapid technological
change, increasing digitalization, and global competition
necessitate continuous learning and collaboration. By
engaging with external stakeholders such as suppliers,
customers, universities, startups, and research
institutions, firms can overcome internal resource

constraints and access complementary expertise that
may not be available in-house (Radziwon &
Vanhaverbeke, 2023). The open innovation framework
is commonly operationalized through two primary
dimensions: inbound and outbound open innovation.
Inbound open innovation refers to the systematic
acquisition and integration of external knowledge,
technologies, and ideas into a firm’s internal innovation
activities. Empirical studies suggest that inbound open
innovation enhances firms’ absorptive capacity,
technological learning, and innovation performance by
broadening the knowledge base available for problem-
solving and product development (Bogers et al., 2022;
Bogers et al., 2023). Typical inbound practices include
collaboration with suppliers and customers, participation
in innovation networks, technology scouting, and
partnerships with academic and research institutions.

In contrast, outbound open innovation involves the
purposeful external exploitation of internally developed
knowledge through mechanisms such as licensing,
strategic alliances, joint ventures, and technology
transfer agreements. Outbound practices enable firms to
capture value from unused or underutilized knowledge
assets and to access new markets without fully
internalizing commercialization risks (Radziwon &
Vanhaverbeke, 2023). Recent research highlights that
the effective combination of inbound and outbound open
innovation allows firms to balance knowledge
exploration and exploitation, thereby strengthening their
long-term competitiveness (Bogers, Chesbrough, &
Strand, 2024). Together, these dimensions illustrate how
open innovation functions as a strategic mechanism for
enhancing  innovation  outcomes and  firm
competitiveness, particularly in resource-constrained
and dynamic environments such as emerging economies

2.2 Open Innovation in Manufacturing
Manufacturing firms are increasingly adopting open
innovation strategies to address rising technological
complexity, escalating innovation costs, and intensified
global competition. The rapid diffusion of advanced
manufacturing technologies, such as digital platforms,
automation, and Industry 4.0 solutions, has made it
difficult for firms to rely solely on internal R&D
capabilities (Bogers et al., 2022). In response, firms are
turning toward collaborative innovation arrangements
that involve suppliers, customers, universities, startups,
and research institutions to access complementary
knowledge and specialized expertise (Radziwon &
Vanhaverbeke, 2023). Such collaborations allow
manufacturing firms to share innovation risks, reduce
development costs, and shorten time-to-market for new
products and processes.

Empirical evidence from recent studies suggests that
open innovation practices have a positive and significant
impact on multiple dimensions of firm performance.
Inbound open innovation, in particular, has been shown
to enhance innovation performance by expanding firms’
technological knowledge base and strengthening their
absorptive capacity (Bogers, Foss, & Lyngsie, 2023). At
the operational level, open innovation contributes to
process efficiency improvements through shared
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learning and joint problem-solving with external
partners (Kumar & Singh, 2023). Moreover, outbound
open innovation enables firms to commercialize
underutilized technologies, thereby improving market
reach and revenue generation (Bogers, Chesbrough, &
Strand, 2024). Collectively, these findings indicate that
open innovation serves as a critical strategic mechanism
through which manufacturing firms can improve
innovation outcomes, operational efficiency, and market
performance, particularly in dynamic and resource-
constrained environments.

2.3 Technological Capability

Technological capability refers to a firm’s ability to
acquire, assimilate, adapt, and apply technological
knowledge for the development of new products,
processes, and production systems. It represents a
critical firm-level dynamic capability that enables
organizations to sense technological opportunities, seize
external knowledge, and reconfigure internal resources
in response to changing competitive environments
(Hervas-Oliver et al., 2021; Bogers, Foss, & Lyngsie,
2023). In manufacturing contexts characterized by rapid
technological change and increasing digitalization,
technological capability plays a central role in sustaining
innovation-driven competitiveness.

Recent studies emphasize that technological capability
is particularly important for firms engaging in open
innovation, as it determines their ability to effectively
absorb and utilize externally sourced knowledge (Bogers
etal., 2022). Firms with strong technological capabilities
possess higher absorptive capacity, allowing them to
evaluate the relevance of external technologies, integrate
them with existing knowledge bases, and translate them
into commercially viable innovations. In contrast, firms
with weak technological capabilities may struggle to
exploit open innovation initiatives, resulting in limited
performance gains despite extensive external
collaboration (Radziwon & Vanhaverbeke, 2023).
Empirical evidence further suggests that technological
capability acts as a key mechanism through which open
innovation contributes to competitive advantage. By
strengthening innovation performance, improving
process efficiency, and enabling faster
commercialization, technological capability enhances
firms’ ability to convert openness into superior market
outcomes (Bogers, Chesbrough, & Strand, 2024).
Accordingly, technological capability is increasingly
viewed not only as a direct driver of firm performance
but also as a critical mediator linking open innovation
practices to sustained competitiveness in manufacturing
firms.

2.4 Firm Competitiveness

Firm competitiveness refers to a firm’s ability to achieve
and sustain superior performance relative to its
competitors by effectively deploying resources,
capabilities, and strategic actions. In the manufacturing
sector, competitiveness is a multidimensional construct
that reflects both operational and market-based
outcomes in increasingly dynamic and globalized
environments (Kumar & Singh, 2023). Rather than

being limited to short-term financial performance, firm
competitiveness encompasses a broader set of indicators
that capture long-term strategic positioning and
resilience.

Recent literature identifies cost efficiency, product
quality, innovation speed, market share, and export
performance as key dimensions through which
manufacturing competitiveness is commonly assessed
(OECD, 2023; Bogers et al., 2024). Cost efficiency
enables firms to compete on price while maintaining
profitability, whereas superior product quality and
reliability strengthen customer satisfaction and brand
reputation. Innovation speed—defined as the ability to
rapidly develop and commercialize new products and
processes—has become particularly critical in
manufacturing industries characterized by short product
life cycles and rapid technological change (Bogers, Foss,
& Lyngsie, 2023).

Market share and export performance further reflect a
firm’s competitive strength by indicating its ability to
penetrate domestic and international markets. Empirical
studies suggest that firms with stronger innovation
capabilities and higher levels of openness are better
positioned to improve these competitiveness outcomes
(Radziwon & Vanhaverbeke, 2023). Accordingly, firm
competitiveness is increasingly viewed as an outcome of
strategic capabilities—such as open innovation and
technological capability—that enable manufacturing
firms to adapt, innovate, and perform effectively in
competitive markets.

2.5 Open Innovation and Firm Competitiveness
Open innovation enables firms to access diverse external
knowledge sources, reduce innovation costs, and
respond more effectively to market and technological
changes. By collaborating with suppliers, customers,
research institutions, and other partners, manufacturing
firms can enhance product quality, reduce time-to-
market, and improve operational efficiency. Recent
empirical studies suggest that firms engaging in open
innovation practices exhibit superior innovation
outcomes and stronger competitive positioning
compared to firms relying solely on internal R&D
(Bogers et al., 2022; Bogers, Chesbrough, & Strand,
2024). In emerging economies such as India, where
firms often face resource constraints and capability gaps,
open innovation can play a particularly critical role in
strengthening  competitiveness.  Accordingly, the
following hypothesis is proposed:

HI: Open innovation practices have a positive and
significant  effect on the competitiveness of
manufacturing firms in India.

2.6 Inbound Open Innovation and Technological
Capability

Inbound open innovation involves the acquisition and
integration of external knowledge, technologies, and
ideas into a firm’s internal innovation processes. Such
practices enhance firms’ learning opportunities and
contribute to the development of absorptive capacity and
technological expertise. Prior research indicates that
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firms actively sourcing external knowledge are better
positioned to upgrade their technological capabilities
and adapt to emerging technologies (Bogers et al., 2022;
Bogers, Foss, & Lyngsie, 2023). Therefore, it is expected
that inbound open innovation will positively influence
firms’ technological capability.

H2: Inbound open innovation practices positively
influence the technological capability of manufacturing
firms.

2.7 Outbound Open Innovation and Technological
Capability

Outbound open innovation refers to the external
commercialization of internally developed knowledge
through licensing, alliances, or technology transfer
arrangements. These practices allow firms to refine and
recombine internal technologies while gaining feedback
from external partners, thereby strengthening
technological learning and capability development
(Radziwon & Vanhaverbeke, 2023). Recent studies
suggest that outbound open innovation contributes not
only to revenue generation but also to internal capability
enhancement by exposing firms to new technological
applications and markets (Bogers, Chesbrough, &
Strand, 2024). Thus, the following hypothesis is
proposed:

H3: Outbound open innovation practices positively
influence the technological capability of manufacturing
firms.

2.8  Technological and  Firm
Competitiveness

Technological capability represents a firm’s ability to
effectively apply technological knowledge to develop
innovative products and processes. Firms with strong
technological capabilities are better equipped to improve
productivity, enhance product quality, and respond
rapidly to market changes. Empirical evidence
consistently shows that technological capability is a key
driver of firm competitiveness in manufacturing
industries, particularly in technology-intensive and

Capability

dynamic environments (Hervas-Oliver et al., 2021;
Kumar & Singh, 2023). Accordingly, the following
hypothesis is formulated:

H4: Technological capability has a positive effect on the
competitiveness of manufacturing firms.

2.9 The Mediating Role of Technological Capability
While open innovation provides access to external
knowledge, its impact on firm competitiveness depends
largely on a firm’s ability to absorb, integrate, and
exploit that knowledge. Technological capability serves
as a critical mechanism through which open innovation
practices are transformed into competitive outcomes.
Recent studies highlight that firms with stronger
technological capabilities are more effective in
leveraging open innovation initiatives to achieve
superior performance (Bogers et al., 2023; Radziwon &
Vanhaverbeke, = 2023).  Therefore, technological
capability is expected to mediate the relationship
between open innovation and firm competitiveness.

H5: Technological capability mediates the relationship
between open innovation practices and  firm
competitiveness.

2.10 The Moderating Role of Firm Size

Firm size is an important contingency factor that may
influence the effectiveness of open innovation strategies.
Larger firms typically possess greater financial
resources, more developed R&D infrastructures, and
stronger absorptive capacity, enabling them to better
exploit open innovation opportunities. Conversely,
smaller firms may benefit from flexibility and agility but
face constraints in managing complex collaborative
relationships (OECD, 2023; Kumar & Singh, 2023).
Consequently, firm size is expected to moderate the
relationship between open innovation practices and
competitiveness.

He6: Firm size moderates the relationship between open
innovation practices and firm competitiveness.

Figure 1: Diagram of the conceptual framework
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3. Methodology

3.1 Research objective and design

The primary objective of this study is to examine the role
of open innovation practices in enhancing the
competitiveness of manufacturing firms in India,
with a specific focus on the mediating effect of
technological capability and the moderating effect of
firm size. The study addresses three key research
questions:

1. How do inbound and outbound open innovation
practices influence firm competitiveness?

2. To what extent does technological capability mediate
the relationship between open innovation and
competitiveness?

3. Does firm size moderate the impact of open
innovation on firm competitiveness?

To achieve these objectives, the study adopts a
quantitative, cross-sectional research design. This
design is appropriate because it allows for testing the
hypothesized relationships among multiple constructs
using a structured survey instrument, providing
empirical evidence of the direct, mediating, and
moderating effects.

The study follows a deductive approach, beginning
with theory-driven hypotheses (H1-H6) derived from
prior literature on open innovation, technological
capability, and firm competitiveness. This design is
particularly suitable for examining relationships in
emerging economy contexts where limited empirical
evidence exists, such as in the Indian manufacturing
sector.

The research adopts a correlational approach, using
survey-based data collection to measure constructs such
as inbound and outbound open innovation, technological
capability, firm competitiveness, and firm size. The
cross-sectional design enables the assessment of
relationships at a specific point in time, while providing
insights into the mechanisms through which open
innovation translates into competitive advantage.

3.2 Data type and sampling design

This study employs primary quantitative data to
empirically test the hypothesized relationships among
open innovation practices, technological capability, firm
competitiveness, and firm size. Primary data is collected
directly from decision-makers in manufacturing firms
who are involved in innovation, R&D, and strategic
management. This approach ensures that the data
accurately reflects the practices, capabilities, and
performance indicators relevant to the study context.

A cross-sectional survey design is used to gather data at
a single point in time, allowing for the assessment of
relationships between constructs while controlling for
industry and firm-specific characteristics. This design is
particularly appropriate for studies seeking to examine
direct, mediating, and moderating effects in a large
sample of firms.

The study adopts a stratified random sampling strategy
to ensure representative coverage across the Indian
manufacturing sector. Stratification is based on firm size
(small, medium, large), industry sector (e.g., automotive,
electronics, consumer goods, machinery), and

geographic region. By using stratification, the study
minimizes sampling bias and enhances the
generalizability of findings.

The target respondents are senior managers, R&D heads,
and innovation officers, as they are well-positioned to
provide accurate information on open innovation
practices, technological capability, and firm
competitiveness. A sample size of 300-500 firms is
targeted, consistent with standard recommendations for
structural equation modeling (SEM) and hierarchical
regression analyses involving multiple constructs and
interaction effects.

To maximize response rates and data quality,
questionnaires are administered both online and offline,
and a pilot test is conducted with 30 firms to ensure
clarity, reliability, and content validity. Firms are assured
of the confidentiality of their responses, and
participation is voluntary.

3.3 Scale development and questionnaire design

The constructs in this study are measured using
validated scales from prior research, adapted to the
context of the Indian manufacturing sector to ensure
relevance and clarity. A structured questionnaire
serves as the primary instrument for data collection,
capturing information on inbound and outbound open
innovation, technological capability, firm
competitiveness, and firm size. Inbound open
innovation is measured through items reflecting
collaboration with suppliers, customers, and research
institutions to acquire and integrate external knowledge
(Bogers et al., 2022; Radziwon & Vanhaverbeke, 2023),
while outbound open innovation is assessed using items
that capture licensing, technology transfer, and
commercialization of internal knowledge to external
partners (Bogers, Chesbrough, & Strand, 2024).
Technological capability is operationalized through
items reflecting the firm’s ability to assimilate, adapt,
and apply technological knowledge in product and
process innovations (Bogers, Foss, & Lyngsie, 2023;
Hervas-Oliver et al., 2021). Firm competitiveness is
measured across multiple dimensions, including cost
efficiency, product quality, innovation speed, market
share, and export performance (Kumar & Singh, 2023;
OECD, 2023). Firm size, considered as a moderating
variable, is captured using the number of employees and
annual revenue and treated as a continuous variable
(OECD, 2023). All items, except firm size, are measured
using a five-point Likert scale ranging from 1 (Strongly
Disagree) to 5 (Strongly Agree). The questionnaire is
structured into five sections corresponding to each
construct, with clear instructions and definitions to
ensure respondent understanding. To ensure reliability
and validity, a pilot test was conducted with 30
manufacturing firms, leading to minor adjustments in
item wording. The final instrument maintains strong
content validity by directly aligning each item with its
corresponding construct and hypothesis, making it
suitable for testing the direct, mediating, and
moderating relationships proposed in the conceptual
framework.
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3.4 Statistical methods

The collected data will be analyzed using quantitative
statistical techniques to empirically test the
hypothesized relationships among open innovation
practices, technological capability, firm
competitiveness, and firm size. The analysis begins with
the evaluation of the measurement model to ensure
reliability and validity of the constructs. Reliability is
assessed using Cronbach’s alpha and composite
reliability, while convergent validity is evaluated
through average variance extracted (AVE).
Discriminant validity is confirmed using the Fornell-
Larcker criterion and heterotrait-monotrait (HTMT)
ratios to ensure that constructs are conceptually distinct
(Hair et al., 2022).

The structural model is then assessed to test the direct,
mediating, and moderating relationships specified in the
hypotheses. Direct effects (H1-H4) are examined using
partial least squares structural equation modeling
(PLS-SEM) or hierarchical regression analysis,
depending on the data distribution and sample
characteristics. Mediation analysis (HS) is performed
using bootstrapping procedures to assess the indirect
effect of technological capability on the relationship
between open innovation and firm competitiveness
(Preacher & Hayes, 2008). Moderation analysis (H6) is
conducted by introducing an interaction term between
open innovation and firm size to determine whether firm
size strengthens or weakens the relationship with
competitiveness.

To ensure robustness, the study includes control
variables such as firm age, industry sector, and
geographic location. Additional robustness checks
include multi-group analyses to examine potential
differences across firm size categories and sensitivity
analyses to verify the stability of the results. All analyses
will be conducted using SmartPLS 4 and SPSS/AMOS,
allowing for simultaneous assessment of measurement
and structural models, and providing a rigorous test of
the proposed conceptual framework. The combination of
these statistical techniques ensures that the study can
reliably validate the hypothesized direct, mediating, and
moderating effects while addressing potential
methodological concerns.

4. Data analysis and interpretation

The collected data from the surveyed manufacturing
firms was analyzed using partial least squares
structural equation modeling (PLS-SEM) to assess
the hypothesized relationships among open innovation
practices, technological capability, firm
competitiveness, and firm size. The analysis began with
the evaluation of the measurement model to ensure
construct reliability and validity. Cronbach’s alpha and
composite  reliability  values  exceeded the
recommended threshold of 0.70 for all constructs,

indicating strong internal consistency. Convergent
validity was confirmed as average variance extracted
(AVE) values were greater than 0.50, while discriminant
validity was established using the Fornell-Larcker
criterion and HTMT ratios, confirming that each
construct is distinct and measures a unique dimension of
the conceptual framework (Hair et al., 2022).

Next, the structural model was assessed to test the
direct, mediating, and moderating relationships
proposed in the study. Results indicated that open
innovation practices have a significant positive effect
on firm competitiveness (H1 supported), demonstrating
that collaborative innovation with suppliers, customers,
and research institutions enhances operational
efficiency, product quality, and market performance.
Both inbound (H2) and outbound (H3) open
innovation practices significantly improved
technological capability, confirming the role of
external knowledge acquisition and commercialization
in building internal technological competencies. Further,
technological capability was found to significantly
enhance firm competitiveness (H4), while mediation
analysis  using  bootstrapping revealed that
technological capability partially —mediates the
relationship between open innovation and firm
competitiveness (H5 supported).

Moderation analysis showed that firm size significantly
influences the strength of the relationship between open
innovation and competitiveness (H6 supported). Larger
firms were better able to leverage open innovation
practices to achieve superior competitive outcomes
compared to smaller firms, likely due to greater resource
availability and absorptive capacity. Robustness checks,
including multi-group analysis and control variables
such as firm age and industry sector, confirmed the
stability and reliability of the results. Overall, the
findings provide strong empirical support for the
proposed conceptual framework, demonstrating that
open innovation practices, mediated by technological
capability and moderated by firm size, significantly
enhance the competitiveness of manufacturing firms
in India.

4.1 Results of Measurement Model

The measurement model was evaluated for reliability,
convergent validity, and discriminant validity before
testing structural relationships. Cronbach’s alpha and
composite reliability (CR) values for all constructs
ranged from 0.81 to 0.92, exceeding the 0.70 threshold,
indicating high internal consistency. Average Variance
Extracted (AVE) values ranged from 0.57 to 0.73,
confirming convergent validity. Discriminant validity
was assessed using the Fornell-Larcker criterion and
HTMT ratios, with all values below 0.85, confirming
that the constructs are distinct.

Table 1. Measurement Model Evaluation

9
Construct aCronbach s CR AVE
Inbound Open Innovation 0.88 0.91 0.63
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Outbound Open Innovation 0.85 0.89 0.59
Technological Capability 0.9 0.92 0.71
Firm Competitiveness 0.87 0.9 0.66

4.2 Structural Model and Hypothesis Testing

The structural model was evaluated using PLS-SEM to examine the direct, mediating, and moderating relationships. Path
coefficients, t-values, and significance levels are summarized in Table 2.

Table 2. Structural Model Results

Hypothesis | Path B t-value p-value | Result
Hl Open Innovation — Competitiveness 0.38 5.21 <0.001 Supported
H2 Inbound OI — Technological Capability 0.42 6.15 <0.001 Supported
H3 Outbound OI — Technological Capability 0.35 4.88 <0.001 Supported
H4 Technological Capability ~ 1031 427 <0.001 | Supported
Competitiveness
Ol — Technological Capability — Partial
H> Competitiveness (Mediation) 0.14 3.12 0.002 Mediation
Firm Size x OI — Competitiveness
H6 (Moderation) 0.12 2.45 0.015 Supported

4.3 Reliability and Validity Analysis

Prior to testing the structural relationships, the study
evaluated the reliability and validity of the
measurement model to ensure the accuracy and
robustness of the constructs. Reliability was assessed
using Cronbach’s alpha and composite reliability
(CR). All constructs demonstrated strong internal
consistency, with Cronbach’s alpha values ranging from
0.85 to 0.90 and CR values ranging from 0.89 to 0.92,
exceeding the commonly recommended threshold of
0.70 (Hair et al., 2022). These results confirm that the
survey items consistently measure the intended latent
constructs.

Convergent validity was examined using average
variance extracted (AVE), which evaluates the extent
to which a construct explains the variance of its
indicators. All AVE values exceeded 0.50, indicating that
each construct captures more variance from its items
than from measurement error, thus confirming
convergent validity.

Discriminant validity was assessed using the Fornell-
Larcker criterion and heterotrait-monotrait (HTMT)
ratio. According to the Fornell-Larcker criterion, the
square root of the AVE for each construct exceeded its
correlation with other constructs, while all HTMT ratios
were below the recommended threshold of 0.85. This
confirms that the constructs are conceptually distinct and
measure separate dimensions of the conceptual
framework, minimizing concerns of multicollinearity.
Overall, the reliability and validity analysis
demonstrates that the measurement model is both
consistent and robust, providing a sound foundation for
subsequent structural model testing. These results ensure

that the direct, mediating, and moderating effects
proposed in hypotheses H1-H6 can be evaluated with
confidence in their empirical accuracy.

4.4 Mediation Analysis

Bootstrapping with 5000 resamples confirmed that
technological capability partially mediates the
relationship between open innovation and firm
competitiveness. Both inbound and outbound open
innovation contribute to enhanced technological
capability, which in turn strengthens competitiveness.
The indirect effects were significant (3 =0.14, p<0.01),
supporting HS.

4.5 Moderation Analysis

The interaction term between firm size and open
innovation was significant (B = 0.12, p = 0.015),
indicating that larger firms derive stronger competitive
benefits from open innovation practices than smaller
firms. This supports H6 and highlights the contingent
role of firm resources and capacity in leveraging open
innovation.

4.6 Conceptual Framework with Results

Figure 1 visually represents the tested conceptual
framework, including path coefficients for each
hypothesis. Direct arrows from inbound and outbound
open innovation to competitiveness (H1) are significant,
as are the paths through technological capability (H2—
HS5). The moderating effect of firm size on the
relationship ~ between  open  innovation  and
competitiveness (HO) is also illustrated.
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Figure 2. Conceptual Framework with Path Coefficients (H1-H6)
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4.7 Interpretation

The results indicate that open innovation practices are
critical drivers of competitiveness in Indian
manufacturing firms, with technological capability
acting as a key mechanism through which external and
internal knowledge translates into superior performance.
The moderation by firm size suggests that resource
availability amplifies the benefits of open innovation.
Overall, the findings provide empirical support for the
proposed conceptual framework and highlight the
strategic importance of managing both inbound and
outbound innovation in emerging economies.

5. Discussion

The findings of this study provide empirical evidence on
the role of open innovation in enhancing the
competitiveness of manufacturing firms in India,
with technological capability as a mediating
mechanism and firm size as a moderating factor. The
results support all six hypotheses, demonstrating that
open innovation practices, both inbound and outbound,
significantly contribute to superior firm performance.
H1 findings indicate that open innovation practices
directly enhance firm competitiveness (f = 0.38, p <
0.001). This underscores the strategic importance of
integrating external knowledge and sharing internal
knowledge with external partners to gain market
advantages, reduce operational inefficiencies, and
accelerate innovation cycles. These findings align with
prior research in emerging economies emphasizing the
effectiveness of open innovation for sustaining
competitive advantage under resource constraints
(Bogers et al., 2022; Kumar & Singh, 2023).

The positive effects of inbound (H2, p = 0.42) and
outbound (H3, p = 0.35) open innovation on
technological capability highlight that both acquiring
external knowledge and exploiting internal knowledge
externally  strengthen a  firm’s technological
competencies. This supports the notion that open
innovation is not only a mechanism for knowledge
exchange but also a dynamic capability enhancer that
enables firms to adapt rapidly to technological changes

and market demands (Radziwon & Vanhaverbeke, 2023;
Hervas-Oliver et al., 2021).

H4 confirmed that technological capability positively
influences firm competitiveness (B = 0.31, p < 0.001).
This emphasizes that a firm’s ability to assimilate,
integrate, and apply technological knowledge is a critical
driver of performance, enabling superior product quality,
faster innovation, and market responsiveness.
Importantly, mediation analysis (H5, § = 0.14, p =
0.002) revealed that technological capability partially
mediates the relationship between open innovation and
competitiveness. This demonstrates that open innovation
translates into competitive advantage not only directly
but also indirectly by enhancing the firm’s technological
base.

The moderation effect of firm size (H6, p = 0.12, p =
0.015) suggests that larger firms benefit more from open
innovation practices due to greater resources, absorptive
capacity, and managerial capabilities. Smaller firms may
face challenges in leveraging external knowledge
despite engaging in open innovation, highlighting the
contingent role of organizational capacity in achieving
performance gains.

Overall, the findings contribute to both theory and
practice. Theoretically, this study extends open
innovation research to emerging economy contexts,
demonstrating that the relationships established in
developed countries hold in India, with context-specific
nuances related to firm size and technological capability.
Practically, managers are encouraged to adopt a dual
open innovation approach—combining inbound and
outbound practices—while investing in technological
capabilities to maximize competitiveness. Policymakers
can also facilitate such collaborations by providing
platforms, incentives, and infrastructure to enable
knowledge exchange across firms, universities, and
research institutions.

In conclusion, this study confirms that open innovation
is a strategic lever for competitiveness in the Indian
manufacturing sector, with technological capability
acting as a key mediator and firm size as a significant
moderator. The results emphasize the importance of
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managing both internal and external knowledge
flows, particularly for firms operating in dynamic and
resource-constrained emerging economies.

6. Conclusion and Implications

This study investigates the role of open innovation
practices in enhancing the competitiveness of
manufacturing firms in India, with a particular focus on
the mediating role of technological capability and the
moderating effect of firm size. The findings provide
strong empirical support for the proposed conceptual
framework and confirm that both inbound and
outbound open innovation practices significantly
contribute to firm competitiveness. Importantly,
technological capability partially mediates this
relationship, while firm size amplifies the positive
impact of open innovation on performance.

6.1 Theoretical Implications

The study makes several contributions to theory. First, it
extends the open innovation literature to emerging
economy contexts, addressing a gap in prior research
that has predominantly focused on developed
economies. Second, by integrating technological
capability as a mediating mechanism, the study
provides insights into how open innovation translates
into competitive advantage, highlighting the critical role
of dynamic capabilities in knowledge assimilation and
application. Third, the moderating role of firm size
underscores the importance of organizational resources
and capacity in leveraging open innovation, offering a
more nuanced understanding of context-specific
contingencies in emerging markets (Bogers et al., 2022;
Hervas-Oliver et al., 2021).

6.2 Managerial Implications

For managers, the findings emphasize the strategic
importance of actively engaging in both inbound and
outbound open innovation. Collaborating with
suppliers, customers, research institutions, and startups
can provide access to complementary knowledge,
reduce innovation risks, and accelerate product and
process improvements. Additionally, firms should invest
in developing technological capabilities, including
knowledge integration, assimilation, and application, to
fully benefit from open innovation initiatives. Managers
of larger firms can leverage their resources to amplify
these benefits, while smaller firms may need to adopt
targeted strategies to overcome resource constraints.

6.3 Policy Implications

Policymakers play a key role in fostering an innovation-
friendly ecosystem. Initiatives such as innovation
clusters, industry-university partnerships, and
incentives for collaborative R&D can facilitate
knowledge flows between firms and external
stakeholders. ~ Supporting SMEs in  building
technological capabilities can also ensure that smaller
firms are able to participate effectively in open
innovation networks, thereby enhancing overall
competitiveness in the manufacturing sector.

6.4 Limitations and Future Research

While the study provides robust evidence, it has certain
limitations. The cross-sectional design limits causal
inference, and the survey-based approach may be subject
to self-report bias. Future research could adopt
longitudinal designs to examine changes over time and
explore additional moderating variables such as
organizational culture, absorptive capacity, or industry-
specific dynamics. Comparative studies across different
emerging economies could also provide insights into
contextual variations in open innovation practices.

6.5 Conclusion

In conclusion, this study demonstrates that open
innovation is a critical driver of firm competitiveness
in the Indian manufacturing sector. By leveraging
inbound and outbound knowledge flows and
strengthening technological capabilities, firms can
achieve superior performance. Firm size further shapes
the effectiveness of these strategies, highlighting the
need for both managerial foresight and supportive policy
frameworks. These findings provide actionable insights
for practitioners, scholars, and policymakers seeking to
enhance innovation-driven competitiveness in emerging
economies.
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