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Abstract 

In the context of sustainability, open innovation has increasingly been embraced as a viable 
innovation paradigm by numerous enterprises. In the academic field, how enterprise openness 
affects innovation performance has also become a hotspot in the research area of open innovation. 
However, existing studies have not sufficiently delved into the mechanism underlying the impact of 
openness on open innovation performance. This study attempts to introduce knowledge 
management capability and organizational learning as dual mediating variables, and further 
decompose their dimensions to construct a mechanism model of how enterprise openness influences 
open innovation performance. Multiple research methods such as structural equation modeling 
analysis and Bootstrap test are employed to verify the relevant hypotheses. The results show that 
both external knowledge management capability and internal knowledge management capability 
play a mediating role between openness and open innovation performance; similarly, both 
explorative learning and exploitative learning also exert a mediating effect in the relationship 
between openness and open innovation performance. Moreover, enterprise openness can enhance 
open innovation performance through the dual chain mediating effects of "external knowledge 
management capability - explorative learning" and "internal knowledge management capability - 
exploitative learning". This study not only achieves an organic integration of knowledge 
management theory and organizational learning theory by constructing a chain mediation 
mechanism of "ability-learning-performance", but also provides a more systematic and 
comprehensive theoretical framework for understanding the influencing mechanisms of open 
innovation performance, thereby advancing theoretical development in this field. 

Keywords: openness; knowledge management capability; organizational learning; innovation 
performance; open innovation 
 

0. Introduction 

In the context of sustainable development, an increasing number of enterprises are breaking 
down boundaries and collaborating with external organizations to engage in innovation activities, 
and innovation has transformed into a multifaceted and ever-evolving activity [1]. Traditional closed 
innovation struggles to adapt to today’s volatile market environment and the paradigm of 
sustainable development. As a result, a proliferating number of enterprises are adopting open 
innovation to drive knowledge sharing and resource integration, thereby enhancing their innovation 
capabilities [2].  In the sustainability context, open innovation enables diverse stakeholders—
including academia, industry, governments, and civil society—to co-create solutions that address 
complex global challenges such as climate change, resource depletion, and social inequality. By 
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leveraging external expertise, pooling resources, and fostering transparency, open innovation 
accelerates the development and adoption of sustainable technologies, business models, and policies 
[3]. For example, by implementing strategies such as open-sourcing patents and promoting technical 
standards, Tesla, a renowned technology corporation, has established a "shared and rapidly 
developing open-source technology platform". This initiative enables free and efficient collaboration 
between Tesla and small-to-medium enterprises, establishes a robust foundation for innovation, and 
has proven to be a critical driver of Tesla's remarkable commercial success [4]. 

Openness, a metric that measures an enterprise's level of open innovation, was first introduced 
by Laursen and Salter [5]. They defined it as 'the number of distinct external knowledge sources 
utilized by a firm in its innovation processes. By enhancing their openness, enterprises can more 
effectively acquire novel knowledge and complementary resources, better identify customer 
preferences and needs, and mitigate investment risks—thereby facilitating smoother innovation 
processes [6,7]. In the ensuing years, numerous studies have analyzed the effects of openness on 
corporate innovation performance. Laursen and Salter [5] found an inverted U-shaped relationship 
between firm openness and innovation performance in their study of 2,707 UK manufacturers. 
Through an analysis of 96 Italian firms, Capone et al. [8] demonstrated an inverted U-shaped 
relationship between openness breadth and enterprise innovation performance. Nevertheless, 
numerous scholars maintain that openness positively correlates with innovation performance [9]. 
Wang et al. [10] conducted a questionnaire survey on 283 Chinese enterprises and concluded that 
both the breadth and depth of open innovation have a significant positive impact on the innovation 
performance. Through an analysis of 1,046 SMEs in South Korea, Son and Zo [11] found empirical 
evidence that organizational openness positively influences firm innovation performance. Scholarly 
work to date has approached the openness-innovation performance linkage from diverse 
methodological and theoretical standpoints, yielding mixed results that warrant further 
investigation. Furthermore, despite growing evidence linking openness to innovation performance, 
theoretical understanding of the pathways through which openness operates remains limited. 

Knowledge management capability denotes an organization's systematic capacity to create, 
disseminate, and utilize knowledge assets for developing core competencies and sustaining 
competitive advantage [12–14]. Knowledge management capability plays an important role in open 
innovation [15]. Harsono et al. [16] conducted a questionnaire survey involving 280 senior managers 
from 11 Indonesian companies and found that knowledge management enhances enterprise 
innovation performance. Feng et al. [17] analyzed 253 Chinese enterprises and found that each 
dimension of knowledge management capability positively influences innovation performance. 
Through an analysis of 311 Chinese enterprises, Yu et al. [18] demonstrated that both external and 
internal knowledge management capabilities serve as mediating mechanisms between enterprise 
social network and innovation performance. 

Organizational learning denotes an enterprise’s ability to acquire, generate, disseminate, and 
synthesize knowledge while dynamically adjusting its conduct to strengthen competitive advantage. 
Organizational learning also serves a critical function in facilitating open innovation [19]. Enterprises 
can optimize knowledge resource utilization through two distinct learning approaches - explorative 
and exploitative learning - thereby enhancing innovation performance [20]. Mai et al. [21] established 
that organizational learning positively influences firm performance through an empirical study of 
Vietnamese tourism and hospitality enterprises. Cui et al. [22] empirically demonstrated that 
organizational learning positively contributes to enhanced enterprise innovation performance 
drawing on data from 417 Chinese consumers. Through an empirical investigation of 388 Ghanaian 
SMEs, Tian et al. [23] demonstrated that both explorative and exploitative learning mediate the 
relationship between organizational openness and enterprise innovation performance. 

In summary, while existing studies have independently examined the direct effects of openness, 
knowledge management capability, and organizational learning on enterprise innovation 
performance, the underlying mechanisms and mediating pathways through which these factors 
operate remain underexplored in current literature. Additionally, existing studies predominantly 
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treat knowledge management capability and organizational learning as unitary constructs, failing to 
deconstruct their constituent dimensions to systematically examine the specific pathways through 
which they influence enterprise innovation performance. 

Therefore, within the open innovation paradigm, this study introduces knowledge management 
capability and organizational learning - two openness-related factors - as dual mediating variables, 
constructing a conceptual model to elucidate the mechanism through which enterprise openness 
influences innovation performance. Building on this framework, we operationalize knowledge 
management capability through its internal and external dimensions, and organizational learning 
through its dual modes of exploitative and explorative learning. By systematically integrating these 
constructs, we elucidate the interconnected nature of knowledge management and organizational 
learning processes. This approach clarifies the sequential mediating pathway through which 
enterprise openness enhances open innovation performance - first through knowledge management 
capabilities, then via organizational learning mechanisms. 

The theoretical contributions of this study are threefold: First, grounded in open innovation 
theory, this study investigates the mediating role of knowledge management capability and 
organizational learning in the relationship between enterprise openness and innovation performance. 
By elucidating these mechanisms, our work offers a novel analytical framework for understanding 
openness-innovation dynamics, and an extension of core propositions in open innovation theory. 
Second, this study extends the knowledge-based view by differentiating between external and 
internal knowledge management capabilities and examining their distinct mediating roles in 
translating openness into open innovation performance. This dimensional approach provides a more 
nuanced understanding that extends beyond the unitary treatment of knowledge management in 
existing literature. Third, this study distinguishes between explorative and exploitative learning, 
analyzing their differential roles in mediating how openness enhances open innovation performance, 
which bridges organizational learning theory with open innovation theory and offers a more 
integrated theoretical perspective. 

1. Theoretical Framework and Hypothesis Development 

1.1. Openness and Open Innovation Performance 

Laursen and Salter [5] introduced the concept of openness, and defined it as the number of 
external knowledge sources that firms draw upon in their innovation processes. By increasing 
openness, enterprises can foster stronger collaborative ties with diverse external partners—such as 
customers, suppliers, competitors, universities, and NGOs—to enhance innovation outcomes [24]. 
Openness serves as a robust measure of external collaboration, capturing both the breadth (diversity 
of external knowledge sources) and depth (degree of engagement intensity) in organizational 
knowledge acquisition [5]. Consequently, openness could enhance innovation performance through 
two distinct dimensions: (1) breadth and depth [8]. Breadth of openness is defined as the scope of 
external knowledge sources accessed during innovation activities, representing the diversity of an 
organization’s collaborative network [25]. 

The impact of breadth of openness on innovation performance stems from its ability to enrich 
external knowledge inflows. By expanding their scope of external engagement, firms gain access to 
more diverse knowledge domains, which both broadens their knowledge base and increases 
opportunities for novel knowledge recombination—ultimately strengthening innovation capabilities 
[26,27].  Depth of openness represents the intensity of an organization's external collaborative 
engagements, which critically influences both the quality and stability of assimilated knowledge [28]. 
Firms exhibiting greater depth of openness could establish sustained, resource-intensive partnerships 
with knowledge collaborators, mitigating opportunism in knowledge exchange while enabling more 
effective tacit knowledge transfer and strategic deployment of core knowledge assets—collectively 
fostering enhanced innovation performance [29,30]. 
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Rauter et al. [24] demonstrated that open collaboration with universities, NGOs, and 
intermediaries significantly strengthens sustainable innovation performance. Consistent with this, 
Ahn et al. [31] established that increasing openness develops dynamic capabilities, which in turn 
enable organizations to assimilate new knowledge and achieve sustained performance gains. Thus, 
we propose: 

H1: Openness has a significant positive effect on open innovation performance. 

1.2. The Mediating Effect of Knowledge Management Capability 

Knowledge management capability refers to an organization's capacity to acquire, generate, 
transfer, integrate, share, and deploy knowledge-based resources across functional domains, thereby 
facilitating the creation of new knowledge [32]. In the context of open innovation, enterprises 
facilitate knowledge sharing and flows through R&D collaborations and co-creation alliances with 
external organizations, as well as through internal innovation activities among team members and 
across departments. Consequently, knowledge management capability plays a critical role in 
enhancing firms’ innovation performance [33,34]. Knowledge management capability is typically 
categorized into two dimensions: external and internal knowledge management capabilities [35]. 
This study examines the mediating role of knowledge management capability—from both 
perspectives—in the relationship between openness and firm innovation performance. 

(1) The mediating effect of external knowledge management capability. External knowledge 
management capability encompasses three key components: knowledge absorption, knowledge 
connection, and knowledge desorption. Its mediating role between openness and firm innovation 
performance operates through these three mechanisms [36]. 

Firstly, knowledge absorption capability denotes an organization's capacity to acquire, 
assimilate, and deploy externally sourced knowledge [37,38]. Enhanced innovation openness enables 
firms to absorb substantial external knowledge, which stimulates employee creativity and facilitates 
novel idea generation. This absorbed knowledge can then be effectively applied to new product 
development processes, thereby strengthening innovation performance [10,18]. Secondly, knowledge 
connection capability reflects an organization's capacity to systematically integrate external 
knowledge resources with its internal knowledge base [39]. Greater openness facilitates (a) the 
acquisition of novel external knowledge, (b) the redeployment of existing knowledge assets, and (c) 
the identification of synergistic opportunities for knowledge recombination. This process ultimately 
strengthens interorganizational knowledge linkages [40]. Finally, knowledge desorption capability 
represents an organization's capacity to externally commercialize internal knowledge assets for value 
creation [41]. While firms acquire substantial external knowledge through open innovation, they can 
leverage their knowledge desorption capability to strategically transfer non-core knowledge 
resources to external collaborators (e.g., suppliers, customers, research institutions, and even 
competitors), thereby generating innovation revenues and facilitating market expansion [42]. 

Kashosi et al. [43] conducted a survey of small and medium-sized enterprises (SMEs) in 
developing countries, and demonstrated that both the breadth and depth of openness positively 
influence firm innovation performance by enhancing knowledge absorption capabilities. Through a 
multi-country follow-up study of manufacturing, service and retail firms across 11 Sub-Saharan 
African nations, Medase and Abdul-Basit [44] established that effective utilization of diverse external 
knowledge sources constitutes a critical determinant of enhanced innovation capabilities in open 
innovation processes. Therefore, we propose: 

H2a: External knowledge management capability mediates the relationship between openness 
and open innovation performance. 

(2) The mediating effect of internal knowledge management capability. Internal knowledge 
management capability comprises three core dimensions: knowledge creation, knowledge 
transformation, and knowledge innovation [36]. Internal knowledge management capability could 
mediate the relationship between openness and firm innovation performance through these three 
distinct mechanisms. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2025 doi:10.20944/preprints202509.2531.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2531.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 19 

 

Firstly, knowledge creation capability reflects an organization's capacity to identify, assimilate, 
and synthesize both internal and external knowledge [30]. When internal knowledge stocks are 
limited and lack diversity, firms struggle to generate novel insights solely from existing resources 
[45]. Higher openness levels thus become critical, enabling organizations to cultivate external 
linkages that fuel knowledge creation and enhance innovation performance [30,46]. 

Secondly, knowledge transformation capability denotes an organization's capacity to internally 
generate knowledge or leverage employees' accumulated expertise [47]. Enhanced openness 
facilitates access to domain-specific prior knowledge, enabling more efficient knowledge retention 
and reactivation. This process enriches the organizational knowledge base, thereby strengthening the 
foundation for innovation performance [18]. 

Finally, knowledge innovation capability represents an organization's capacity to acquire, 
assimilate, and integrate knowledge for creative recombination, ultimately transforming novel 
insights into new products, processes, and services. This capability enhances strategic agility, 
enabling firms to rapidly adapt their technological innovation trajectories in response to market 
dynamics, thereby improving innovation performance [48]. 

Wu and Gao [49] empirically demonstrated that internal knowledge integration significantly 
enhances open innovation performance in firms drawing on dynamic capability theory. Khraishi et 
al. [50] established that strengthening internal knowledge creation capabilities enables firms to 
effectively acquire and assimilate supplier knowledge, thereby generating innovation benefits. 
Therefore, we propose: 

H2b: Internal knowledge management capability mediates the relationship between openness 
and open innovation performance. 

1.3. The Mediating Effect of Organizational Learning 

Within open innovation ecosystems, organizational learning enables firms to dynamically 
leverage both external and internal capabilities in response to evolving business environments. This 
adaptive process enhances innovation performance through effective knowledge absorption and 
utilization [51–53]. March [54] theorized organizational learning as a dual-dimensional construct 
comprising explorative learning and exploitative learning. Openness could influence firm innovation 
performance through these dual organizational learning mechanisms. 

(1) The mediating effect of explorative learning. Enhanced openness creates opportunities for 
firms to cultivate explorative learning, which centers on novel knowledge acquisition and embodies 
an experimental orientation. This learning mode enables organizations to overcome path dependence 
and achieve innovation by providing essential knowledge assets and fostering an entrepreneurial 
mindset [55]. Explorative learning enhances the ability to reconfigure existing knowledge while 
lowering the cost of integrating diverse knowledge for organizational innovation. Through 
continuous knowledge absorption and systemic integration, enterprises can develop and maintain a 
dynamic knowledge base. By strategically applying this knowledge to optimize management 
practices, they ultimately enhance their innovation performance [56,57].  

Kim et al. [58] demonstrated that explorative learning mediates the relationship between 
environmental dynamism and firm innovation performance drawing on a study of 254 South Korean 
small and medium-sized manufacturing enterprises. Zhang et al. [59] found that open innovation 
enhances sustainable competitive advantage by strengthening explorative learning capabilities. 
Therefore, we propose: 

H3a: Explorative learning mediates the relationship between openness and open innovation 
performance. 

(2) The mediating effect of exploitative learning. Exploitative learning, characterized by its cost-
efficiency, enables enterprises to deepen their existing knowledge base while systematically 
integrating newly acquired external knowledge. This dual process of knowledge refinement and 
application reduces operational errors, accelerates development cycles, and enhances product 
development efficiency [23]. Particularly in open innovation contexts, where market awareness is 
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crucial, exploitative learning plays a pivotal role in aligning technical capabilities with market 
demands. By effectively identifying and deploying valuable knowledge assets across production 
practices, it serves as a critical mechanism for driving innovation while optimizing resource 
utilization [55,60]. 

Tian et al. [23] found that exploitative learning mediates the positive relationship between 
openness and innovation performance in small and medium-sized enterprises, based on their 
empirical study of 388 Ghanaian firms. Mirza et al. [61] demonstrated that exploitative learning 
mediates the positive effect of open innovation on enterprise strategic innovation through their 
analysis of 330 Pakistani pharmaceutical companies. Therefore, we propose: 

H3b: Exploitative learning mediates the relationship between openness and open innovation 
performance. 

1.4. The Serial Mediation of Knowledge Management Capability and Organizational Learning 

Effective knowledge management constitutes a fundamental prerequisite for enterprises to 
efficiently utilize knowledge resources. In this process, organizational learning significantly 
enhances innovation efficacy through dynamic processes including systematic knowledge 
acquisition, sharing, development, and transformation [59,62]. Within the open innovation 
paradigm, external knowledge management capability and explorative learning jointly serve as 
critical mediating mechanisms through which openness influences enterprise innovation 
performance. Specifically, when enterprises acquire substantial heterogeneous knowledge from 
external environments by increasing openness, their external knowledge management capability 
plays a pivotal role in coordination and integration. This capability enables enterprises to effectively 
screen, categorize, and store external knowledge resources. Concurrently, explorative learning 
facilitates the absorption and transformation of new knowledge, internalizing external knowledge 
into organization-specific innovative resources and capabilities.  

Together, external knowledge management capability and explorative learning drive 
enterprises to engage in proactive R&D activities and technological exploration, thereby significantly 
improving innovation performance [63]. Therefore, we propose: 

H4a: External knowledge management capability and explorative learning sequentially mediate 
the relationship between openness and open innovation performance. 

Under the open innovation paradigm, internal knowledge management capability and 
exploitative learning collectively constitute another critical pathway through which openness 
influences open innovation performance. By enhancing their openness levels, enterprises establish 
in-depth interactions with external entities such as suppliers, customers, and industry competitors, 
thereby gaining precise insights into market dynamics and industrial demands. This heightened 
market sensitivity drives enterprises to develop demand-oriented internal knowledge management 
mechanisms, encompassing the systematic creation, transformation, and application of knowledge. 

In this process, exploitative learning plays a pivotal role in knowledge reconstitution. Through 
in-depth mining and reorganization of existing knowledge systems, enterprises can effectively 
integrate new knowledge generated by internal knowledge management with their current 
technological foundations [64]. This knowledge integration process enables enterprises to 
dynamically adapt to changes in market and technological environments, ultimately transforming 
knowledge advantages into market-competitive new products and technologies, thereby 
significantly enhancing innovation performance [55]. Therefore, we propose: 

H4b: Internal knowledge management capability and exploitative learning sequentially mediate 
the relationship between openness and open innovation performance. 

In summary, the theoretical model of this study is shown in Figure 1. 
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Figure 1. Theoretical model. 

2. Methods 

2.1. Data Collection and Sample  

Prior to the formal survey, a pilot study was conducted with 10 enterprises to pretest the 
questionnaire. Based on the pretest results, certain questions were refined to enhance clarity, 
precision, and cultural adaptation to the Chinese context. The formal questionnaire was administered 
through two primary methods. First, face-to-face distribution was conducted, during which 
respondents received a brief introduction to the survey’s purpose and key concepts before 
participation. A total of 600 questionnaires were distributed through this method, with 486 returned. 
After excluding responses with missing data or evident response bias, 429 valid questionnaires were 
retained for analysis. Second, the questionnaire was distributed via online channels. The electronic 
survey was disseminated through social networks, including friends, relatives, and colleagues, with 
key concepts clearly explained within the questionnaire itself. Through this method, 352 
questionnaires were collected. After excluding responses with completion times under 120 seconds, 
315 valid questionnaires were retained. Combined with the face-to-face survey results, this yielded a 
final dataset of 744 valid responses. 

To assess potential differences between the datasets collected through the two distinct channels, 
we conducted an analysis of variance (ANOVA). The results indicated no statistically significant 
intergroup differences between the two data sources. Furthermore, we performed Harman's single-
factor test to assess common method bias [65]. The exploratory factor analysis revealed that scale 
variables loaded on multiple distinct factors, with the unrotated first principal component explaining 
only 26.37% of the variance (below the 50% threshold). These results indicate that common method 
bias was not a substantial concern in our data. 

The distribution of sample is shown in Table 1. 

Table 1. Distribution of sample. 

 Characteristic Number Percent(%) 

Enterprise 

ownership type 

State-owned enterprise 316 42.5 

Private enterprise 247 33.2 

Joint Ventures 128 17.2 

Foreign-owned enterprise 53 7.1 

Sales revenue 

<5 million CNY 48 6.5 

5 million-50 million CNY 229 30.8 

50 million -300 million CNY 373 50.1 

>300 million CNY 94 12.6 
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Workforce size 

< 50 78 10.5 

50-300(including) 192 25.8 

300-1000(including) 318 42.7 

>1000 156 21.0 

R&D intensity 

<1% 139 18.7 

1%-2%(including) 217 29.2 

2-5%(including) 296 39.8 

>5% 92 12.4 

2.2. Measurement 

Our measurement scales were adapted from well-established instruments in prior literature, 
with minor modifications to suit the research context. All items employed a seven-point Likert scale 
(1 = strongly disagree to 7 = strongly agree). Complete scale details are provided in the Appendix. 

The measurement of openness was drawn on the study of Ahn et al. [66]. The measurement of 
external knowledge management capability was drawn on the study of Forés and Camisón [67], 
Mudambi and Tallman [68]. The measurement of internal knowledge management capability was 
drawn on the study of Forés and Camisón [67], Huang, Lai, and Huang [69]. The measurement of 
explorative learning, as well as exploitative learning was drawn on the study of Zhao et al. [70]. The 
measurement of open innovation performance was drawn on the study of Huang, Chen, and Liang 
[71]. 

Additionally, this study controlled for several potential confounding variables that may 
influence open innovation performance, including enterprise ownership type, sales revenue, 
workforce size, and R&D intensity. 

3. Empirical Analysis and Results 

3.1. Correlation Analysis 

As presented in Table 2, the significant correlation coefficients among key variables provided 
preliminary support for our hypotheses. Furthermore, all inter-variable correlations were below the 
threshold of 0.7, suggesting no substantial multicollinearity concerns that would compromise 
subsequent analyses. 

Table 2. Results of correlation analysis and descriptive statistics. 

Variable 1 2 3 4 5 6 
1.Openness 0.854      
2.External knowledge 
management capability  

0.602*** 0.849     

3.Internal knowledge 
management capability 

0.340** 0.370** 0.805    

4.Explorative learning 0.576** 0.557** 0.282* 0.865   
5.Exploitative learning 0.466** 0.531** 0.206* 0.546** 0.884  
6.Open innovation performance 0.590*** 0.615*** 0.334** 0.571** 0.507** 0.867 
Mean 4.550 4.694 5.158 4.762 4.152 4.997 
Standard deviation 1.300 1.592 1.312 1.469 1.609 1.630 

Note: ***p<0.01, **p<0.05, *p<0.1; The bold numbers on the diagonal are the square root of the average variance 
extracted of variables. 
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3.2. Reliability and Validity Test 

The reliability of the scale was assessed using Cronbach’s α. As presented in Table 3, all variables 
demonstrated Cronbach’s α values exceeding 0.8, indicating high internal consistency [72]. 
Furthermore, the standardized factor loadings for all items were above 0.7, while the composite 
reliability (CR) values exceeded 0.9, and the average variance extracted (AVE) values were greater 
than 0.7. In accordance with Hair et al. [73], these results confirm strong convergent validity of the 
measurement scale. 

The measurement scale employed in this study has been extensively used and validated in prior 
research, ensuring strong content validity. As displayed in Table 2, all inter-construct correlation 
coefficients were lower than the square root of the average variance extracted (AVE). In line with the 
criteria established by Hair et al. [73], these results confirm adequate discriminant validity for the 
scale. 

Table 3. Results of reliability and validity test. 

Variable Items Factor loading CR AVE Cronbach’s α 

Openness 

（OPN） 

OPN1 0.761 

0.915 0.730 0.880 OPN2 0.827 
OPN3 0.911 
OPN4 0.910 

External knowledge 

management 

capability（EKM） 

EKM1 0.852 

0.958 0.720 0.913 

EKM2 0.826 
EKM3 0.899 
EKM4 0.784 
EKM5 0.899 
EKM6 0.761 
EKM7 0.913 
EKM8 0.835 
EKM9 0.852 

Internal knowledge 

management capability（IKM） 

IKM1 0.793 

0.943 0.648 0.830 

IKM2 0.724 
IKM3 0.770 
IKM4 0.829 
IKM5 0.834 
IKM6 0.862 
IKM7 0.837 
IKM8 0.781 
IKM9 0.806 

Explorative learning 

（ERL） 

ERL1 0.865 

0.937 0.749 0.896 
ERL2 0.879 
ERL3 0.909 
ERL4 0.845 
ERL5 0.827 

Exploitative learning（EIL） 

EIL1 0.875 

0.947 0.781 0.879 
EIL2 0.886 
EIL3 0.912 
EIL4 0.905 
EIL5 0.839 

Open innovation performance 

（OIP） 

OIP1 0.866 
0.938 0.751 0.939 OIP2 0.908 

OIP3 0.862 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2025 doi:10.20944/preprints202509.2531.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2531.v1
http://creativecommons.org/licenses/by/4.0/


 10 of 19 

 

OIP4 0.824 
OIP5 0.870 

Note: CR, construct reliability; AVE, average variance extracted. 

3.3. Hypothesis Test 

3.3.1. Structural Equation Modeling Analysis 

Structural equation modeling was employed, in accordance with the methodological guidelines 
of Kline and Little [74], to examine the hypothesized relationships. The analysis was conducted using 
Mplus 7.0. The model fit indices were as follows: χ²(339) = 591.94, χ²/df = 1.746, RMSEA = 0.052, CFI 
= 0.903, TLI = 0.912, and SRMR = 0.065. All fit indices met established thresholds, indicating an 
acceptable model fit. The structural equation modeling results are presented in Figure 2. 

The structural equation modeling results revealed several significant relationships. First, 
openness demonstrated a significant positive association with open innovation performance (β = 
0.124, p < 0.1), thus supporting H1. Furthermore, openness showed strong positive effects on both 
dimensions of knowledge management capability: external knowledge management (β = 0.802, p < 
0.01) and internal knowledge management (β = 0.407, p < 0.01). Regarding organizational learning, 
openness was positively related to both explorative learning (β = 0.213, p < 0.01) and exploitative 
learning (β = 0.438, p < 0.01). 

The analysis revealed significant positive effects on open innovation performance from multiple 
antecedents. External knowledge management capability demonstrated the strongest influence (β = 
0.656, p < 0.01), followed by internal knowledge management capability which showed a marginally 
significant positive effect (β = 0.129, p < 0.1). Regarding organizational learning mechanisms, both 
explorative learning (β = 0.153, p < 0.1) and exploitative learning (β = 0.199, p < 0.01) contributed 
positively to open innovation performance, with exploitative learning showing greater statistical 
significance. 

The structural equation modeling results further revealed significant cross-dimensional 
relationships. External knowledge management capability showed a strong positive association with 
explorative learning (β = 0.546, p < 0.01), while internal knowledge management capability 
demonstrated a significant, though weaker, relationship with exploitative learning (β = 0.082, p < 
0.05). These path coefficients provide preliminary evidence supporting the proposed mediation 
effects in our conceptual model. 

 
Figure 2. Result of structural equation modeling analysis. Note: ***p<0.01, **p<0.05, *p<0.1. 

3.3.2. Mediating Effect Test 

Building on the structural equation modeling results, we conducted bootstrap analyses (N = 
5,000 samples) to further examine the mediating effects. The bootstrapping results, presented in Table 
4, confirm statistically significant mediation effects for the hypothesized pathways. 
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The bootstrapping analysis revealed a significant indirect effect of openness on open innovation 
performance through external knowledge management capability (β = 0.526, 95% CI [0.443, 0.609]). 
This result confirms that external knowledge management capability serves as a significant mediator 
in this relationship, thereby supporting H2a. 

The bootstrap analysis indicated a significant indirect effect of openness on open innovation 
performance through internal knowledge management capability (β = 0.053, 95% CI [0.026, 0.061]). 
This finding demonstrates that internal knowledge management capability serves as a statistically 
significant mediator in this relationship, thus supporting H2b. 

The bootstrap analysis also revealed two significant mediation pathways: (1) Explorative 
learning significantly mediated the relationship between openness and open innovation performance 
(β = 0.033, 95% CI [0.012, 0.067]); (2) Exploitative learning similarly demonstrated a significant 
mediating effect (β = 0.087, 95% CI [0.047, 0.127]). Both findings support our hypothesized mediation 
effects, confirming H3a and H3b. 

Moreover, the bootstrap analysis revealed a significant sequential mediation pathway through 
external knowledge management capability and explorative learning (β = 0.067, 95% CI [0.005, 
0.096]). This demonstrates that openness enhances open innovation performance first by developing 
external knowledge management capability, which in turn facilitates explorative learning. These 
results provide support for H4a regarding the continuous mediating effect of this dual-path 
mechanism. 

The bootstrap analysis identified a significant but relatively small sequential mediation effect (β 
= 0.007, 95% CI [0.001, 0.012]), where openness influenced open innovation performance through 
internal knowledge management capability, which subsequently enhanced exploitative learning. 
While modest in magnitude, this chained mediation pathway was statistically significant, providing 
support for H4b. 

Table 4. Bootstrap test of mediating effect. 

 Path Estimate    p-value 

95% CI 

Lower Upper 

Direct effect Openness→Open innovation performance 0.124 0.058 0.049 0.162 

Indirect effect 

Openness→External knowledge management 
capability→Open innovation performance  

0.526 0.000 0.443 0.609 

Openness→Internal knowledge management 
capability→Open innovation performance 

0.053 0.079 0.026 0.061 

Openness→Explorative learning→Open 
i i f

0.033 0.086 0.012 0.067 
Openness→Exploitative learning→Open 

i i f
0.087 0.000 0.047 0.127 

Openness→External knowledge management 
capability→Explorative learning→Open 

innovation performance 
0.067 0.077 0.005 0.096 

Openness→Internal knowledge management 
capability→Exploitative learning→Open 

innovation performance 
0.007 0.028 0.001 0.012 

Total indirect 
effect 

- 0.773 0.000 0.65 0.794 

Total effect - 0.897 0.000 0.738 0.915 

Note: CI, confidence interval. 

3.4. Robustness Test 

To validate the robustness of our structural equation modeling (SEM) and bootstrapping results, 
we conducted complementary hierarchical regression analyses. The regression models specified open 
innovation performance as the dependent variable, with external knowledge management capability, 
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internal knowledge management capability, explorative learning, and exploitative learning as core 
independent variables. We controlled for several organizational characteristics: enterprise ownership 
type, sales revenue, workforce size, and R&D intensity. 

As presented in Tables 5 and 6, the regression results consistently supported our initial findings 
from both the SEM analysis and bootstrapping tests. This convergence of evidence across different 
analytical approaches strengthens confidence in the robustness of our study's conclusions. 

Table 5. The results of regression analysis on direct effects 

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Enterprise ownership type -0.195*** -0.059*** -0.073*** -0.158*** -0.060** -0.071*** 

Sales revenue 0.035 0.103 0.065*** 0.014 0.022 0.024 

Workforce size 0.265*** 0.191 0.171*** 0.231*** 0.142*** 0.217*** 

R&D intensity 0.127*** 0.033 0.015 0.082*** 0.013 0.036 

Openness  0.663***     

External knowledge management 

capability 

  0.762***    

Internal knowledge management 

capability 

   0.290***   

Explorative learning     0.637***  

Exploitative learning      0.578*** 

R2 0.104 0.503 0.649 0.184 0.469 0.413 

F 30.024*** 209.973*** 382.378*** 46.725*** 182.691*** 145.994*** 

Table 6. The results of regression analysis on indirect effects. 

Variables Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 

Enterprise ownership type -0.058*** -0.053** -0.022 -0.013 -0.037* -0.008 

Sales revenue 0.077*** 0.093*** 0.073*** 0.080*** 0.064*** 0.071*** 

Workforce size 0.168*** 0.184*** 0.142*** 0.179*** 0.142*** 0.172*** 

R&D intensity 0.010 0.022 -0.005 -0.002 -0.009 -0.011 

Openness 0.168*** 0.632*** 0.447*** 0.505*** 0.121*** 0.479*** 

External knowledge 

management capability 

0.635***    0.532***  

Internal knowledge 

management capability 

 0.097***    0.087*** 

Explorative learning   0.381***  0.225***  

Exploitative learning    0.363***  0.360*** 

R2 0.659 0.511 0.591 0.603 0.686 0.609 

F 333.610*** 180.612*** 249.581*** 261.593*** 322.299*** 230.153*** 

4. Discussion and Conclusions 
This study examines the mechanism through which enterprise openness enhances open 

innovation performance, focusing on the dual mediating roles of knowledge management capability 
(external and internal) and organizational learning (explorative and exploitative). Our analysis 
reveals three key findings: 
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First, both external and internal knowledge management capabilities significantly mediate the 
relationship between enterprise openness and open innovation performance. Prior research has 
established the positive relationship between knowledge management capability and enterprise 
innovation performance [17]. Yu et al. [18] further differentiated knowledge management capability 
into internal and external dimensions, demonstrating their distinct impacts on innovation outcomes. 
This study advances the literature in two key ways: First, by conceptualizing knowledge 
management capability as a dual-dimensional mediator (internal and external) between openness 
and open innovation performance, we address a critical gap in existing research that has 
predominantly examined direct effects. Second, our findings theoretically enrich both knowledge 
management and open innovation literature by elucidating the underlying mechanisms through 
which openness translates into innovation performance. 

Second, both explorative learning and exploitative learning significantly mediate the 
relationship between openness and open innovation performance. Chan et al. [75] demonstrated that 
organizational learning exerts a direct influence on organizational performance. Chuks [76] examined 
the effect of organizational learning on enterprise innovation performance through the dual lenses of 
explorative and exploitative learning. This study extends prior research by incorporating the open 
innovation context into the organizational learning framework. Specifically, it investigates the 
mediating role of organizational learning—encompassing both explorative and exploitative 
learning—in the relationship between openness and open innovation performance. By doing so, this 
paper not only deepens but also expands existing organizational learning theories and their 
applications in innovation research. 

Third, openness enhances open innovation performance through two distinct chain mediation 
pathways: (1) external knowledge management capability and explorative learning, and (2) internal 
knowledge management capability and exploitative learning. 

Drawing on the strategic capability-competitive advantage framework and the knowledge-
based view, Zhang et al. [1] developed a research model in which ambidextrous organizational 
learning mediates the relationship between open innovation and sustainable competitive advantage, 
with knowledge management capability serving as a moderating variable. This study systematically 
integrates knowledge management capability with organizational learning, establishing their 
interconnected relationship. Through rigorous examination, it investigates the mechanisms by which 
openness enhances enterprise innovation performance via knowledge management capability and 
organizational learning pathways. By translating macro-level strategic concepts into actionable 
internal processes, this research makes significant theoretical and empirical contributions to 
understanding how openness influences open innovation performance. 

5. Research Implications and Limitations 

5.1. Research Implications 

This study not only contributes significant theoretical value, but also provides the following 
managerial implications for enterprises implementing open innovation practices. 

First, enterprises should systematically enhance their organizational openness. At the strategic 
level, firms need to embrace open innovation as a core philosophy, viewing open collaboration as a 
fundamental driver of innovation development. Specific implementation strategies include: (1) 
Establishing multi-tiered external interaction networks by actively participating in university-
industry research alliances, industrial technology forums, and other innovation ecosystems to 
optimize the allocation of technological, talent, and market resources; (2) Developing standardized 
information-sharing mechanisms through regular publication of innovation white papers and 
hosting open technology seminars to improve organizational transparency and strengthen 
stakeholder trust and collaboration willingness; (3) Fostering an open and inclusive organizational 
culture by implementing innovation incentive systems and cross-boundary learning programs to 
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encourage employees to absorb external knowledge and propose innovative ideas, thereby 
continuously enhancing the organization's dynamic innovation capabilities. 

Second, enterprises need to systematically develop and strengthen both internal and external 
knowledge management capabilities by establishing a comprehensive knowledge management 
system. For external knowledge management: (1) Diversify knowledge acquisition channels through 
participation in industry-university-research alliances, technology acquisitions, and market 
intelligence monitoring mechanisms to effectively capture cutting-edge industry knowledge and 
technological trends; (2) Develop knowledge evaluation and filtering mechanisms to ensure the 
quality and applicability of acquired external knowledge. 

For internal knowledge management: (1) Implement structured knowledge codification and 
storage systems, such as corporate knowledge repositories and expert directories, to institutionalize 
knowledge management infrastructure [29]; (2) Enhance knowledge transfer and sharing 
mechanisms by designing knowledge contribution metrics integrated into performance evaluations; 
(3) Cultivate an open-sharing culture through incentive programs (e.g., rewards for knowledge 
sharing) and cross-departmental learning communities to motivate employee participation in 
knowledge creation and diffusion. 

Third, enterprises need to establish an ambidextrous learning mechanism to systematically 
balance explorative and exploitative learning activities [63,77]. (1) Firms should encourage 
explorative learning by implementing institutionalized innovation incentives. This includes creating 
dedicated organizational structures such as innovation labs and technology incubators to secure 
resources for breakthrough innovations. Additionally, cultivating an experimental culture—through 
mechanisms like tolerance for failure and innovation funds—can motivate employees to explore new 
technologies and business models; (2) Enterprises must emphasize exploitative learning by deeply 
leveraging existing knowledge. Internal training programs, knowledge-sharing sessions, and best 
practice documentation can help refine operational processes, enhance existing technologies, and 
improve efficiency and market competitiveness; (3) Firms must dynamically balance both learning 
approaches, adapting their strategies based on market conditions and organizational growth stages 
to achieve dual improvements in innovation and operational efficiency. 

Ultimately, investigating the intersection of openness, knowledge management capability, 
organizational learning and open innovation performance is essential for advancing both the 
academic understanding of collaborative innovation and the real-world capacity to tackle pressing 
sustainability challenges at scale. 

5.2. Research Limitations and Prospects 

This study systematically investigates the underlying mechanisms through which openness 
affects open innovation performance, yielding important theoretical insights while acknowledging 
several limitations that warrant further exploration. 

First, regarding variable selection, this research primarily focuses on core constructs—openness, 
knowledge management capability, and organizational learning—while overlooking potential 
boundary conditions. For instance, internal governance mechanisms (e.g., internal control efficiency) 
and external competitive environments (e.g., market dynamism, industry rivalry) may serve as 
critical moderators in these relationships. Future studies could incorporate such contextual factors to 
provide a more comprehensive understanding of open innovation performance. 

Second, methodologically, this study employs cross-sectional survey data, which cannot capture 
the dynamic evolution among openness, knowledge management capability, organizational 
learning, and open innovation performance. Longitudinal designs with multi-wave data collection 
would better reveal temporal interactions. Additionally, more rigorous econometric approaches (e.g., 
instrumental variables, fixed-effects models) could address endogeneity concerns and enhance the 
robustness of findings. 
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Appendix A 

Items (strongly disagree/1-strongly agree/7) 

Openness 

The firm has a culture encouraging collaborations with external organisations. 

The firm has a willingness to share experiences through collaboration. 

The top managers in the firm are proactive for collaboration with external organisations. 

In general, the firm trusts external partners. 

External knowledge management capability 

We have the ability to identify and use relevant knowledge from external network.  

We often analyze external knowledge. 

We are able to integrate internal knowledge with external knowledge.  

We are able to apply new knowledge to a specific application quickly.  

The number of affiliates in our partnership network is considerable.  

We have a close relationship with the affiliates in our partnership network.  

We are able to identify knowledge that is transferred from us to external network.  

The process of knowledge transfer from our company to external network is well organized.  

We provide adequate support for the process of knowledge transfer to external network. 

Internal knowledge management capability 

Among all knowledge sources, our internal knowledge makes a major contribution.  

Our internal team provides major knowledge. 

Our new employees provide major knowledge.  

We have the ability to retain the knowledge obtained from external sources.  

We are able to integrate existing knowledge with new knowledge.  

We have the ability to maintain the technology acquired from external sources.  

We have the ability to expand our product range.  

The percentage of our new product sales revenue is growing fast.  

We have valuable knowledge in innovative manufacturing and technology processes. 

Explorative learning 

Team members were systematically searching for new possibilities during the project. 
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Team members offered new ideas and solutions to complicated problems (were inventive). 

Team members experimented with new and creative ways for accomplishing work. 

Team members evaluated diverse options regarding the course of the project. 

The members of our team developed many new skills during the project. 

Exploitative learning 

The members of our team recombined existing knowledge for accomplishing work. 

In our team, we primarily performed routine activities. 

During the project, our team implemented standardized methodologies and regular work practices. 

Team members improved and refined their existing knowledge and expertise during the project. 

Team members mainly used their current knowledge and skills for performing their tasks. 

Open innovation performance 

Compared to major competitors, we develop more new products in the last three years.  

Compared to major competitors, we develop new products faster in the last three years.  

Compared to major competitors, we have a higher success rate of innovation projects in the last three years.  

Compared to major competitors, we apply for more patents in the last three years. 

Compared to major competitors, we have a higher proportion of new product sales revenue in the last three 

years. 
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