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This study investigates the effect of the explorative industrial Internet on open green innovation 
in manufacturing enterprises. This study draws on a robust theoretical foundation to develop 
and examine the hypothesized relationships among the key framework variables. A total of 406 
manufacturing enterprises participated in the study through a structured questionnaire survey. SEM 
was used to analyze the collected data and test the relationships described in this study. The results 
show that manufacturing enterprises benefit from the direct and significant relationship between 
explorative industrial Internet and open green innovation. The relationship between the explorative 
industrial Internet and open green innovation in manufacturing is boosted by value co-creation, which 
advanced manufacturing technology facilitates as a crucial mediator. Firm resources are necessary 
when companies use the explorative industrial Internet to enhance innovation results. This research 
provides vital insights for scholars and business professionals on how digital transformation enables 
manufacturing enterprises to develop sustainable innovation. This study provides essential operational 
guidance to organizations seeking to integrate industrial Internet technologies to enable open green 
innovation and competitive market advantage. This study advances academic knowledge of digital 
transformation and sustainable innovation by analyzing the relationships between explorative 
industrial Internet open green innovation and advanced manufacturing technology. This study explains 
why manufacturers use digital technologies to improve their sustainability and economic performance.
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A new wave of scientific, technological, and industrial breakthroughs is currently unfolding. This ongoing 
evolution is marked by groundbreaking innovations that are transforming industries and opening new growth 
opportunities for companies. The core characteristics of which—digitalization, networking, and intelligence—
are being examined in depth on a global scale. This transformation fosters increased efficiency, sustainability, and 
the development of novel business models across various sectors. These shifts are not only redefining economic 
landscapes but also enhancing global competitiveness and fostering a more interconnected and automated 
world1,2. This change is mainly aimed at the in-depth promotion and application of new technologies, which 
will have a profound influence on the global economy and industrial landscape3. This revolutionary change, 
characterized by digitalization, networking, and intelligence, is gradually transforming the global economic 
landscape. As a network and manufacturing power, China urgently needs to seize new opportunities in 
industrialization and intelligent integration and transform into a network- and manufacturing-driven power 
driven by innovation4.

Various unpredictable factors have emerged to shape global markets in recent years, owing to the complex 
international environment and market uncertainties. These elements include socioeconomic shifts, international 
political dynamics, and technological progress5. Modern businesses face extraordinary challenges because next-
generation digital technologies, including big data, cloud computing, and artificial intelligence, have progressed 
rapidly. The digital revolution has spread worldwide because the digital economy has established a transformative 
model6. Against this backdrop, countries worldwide are embracing these changes. The digital economy has 
emerged as an industry that integrates data utilization in manufacturing processes and digital technology through 
internet platforms7. From an economic perspective, the industrial Internet is characterized by the integration of 
the Internet of Things and data analytics into industrial processes8. By monitoring operations in real time and 
making optimal adjustments, operational efficiency and sustainability can be significantly improved. Industrial 
Internet technology focuses on augmenting existing capabilities by improving process efficiency and resource 
management9.
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Many recent studies have confirmed that these technologies can drive operational excellence and foster 
sustainable innovation10,11. Traditional industrial operations face significant challenges because supply and 
demand structures are misaligned, external events disrupt operations, and excessive industrial capacity requires 
effective management. Through innovation and efficiency, the technology-based industrial Internet offers three 
benefits that help conventional companies optimize operational and resource management. Numerous studies 
have shown that the explorative industrial Internet enables organizations to foster cultural environments that 
promote creative approaches to radical innovation and business model transformations12. The practical use 
of the Industrial Internet through explorative methods delivers substantial improvements in manufacturing 
sustainability. Companies develop new products and production methods that reduce environmental impacts. 
The development of environmentally friendly products and processes using this method reduces companies’ 
environmental impact. This explorative strategic orientation not only enhances the company’s adaptability in a 
rapidly changing market but also positions it as a leader in green innovation and sustainability.

The relationship between digital economic elements and environmentally friendly open innovation models 
has already been analyzed13. (1) The growing interest among businesses in developing environmentally friendly 
innovations for sustainability has not been thoroughly analyzed alongside the effect of emerging digital 
technologies, such as the industrial Internet, on encouraging open green innovation. This raises the question of 
whether the industrial Internet is sufficient to enable open green innovation ventures. Complex and changing 
external dilemmas and internal contradictions complicate the impact of the digital transformation of traditional 
industries on open green innovation. The industrial Internet is driven by innovation; however, in its early stages, 
significant funding is required to develop digital facilities and platforms, thereby delaying its impact on open 
green innovation. The application scenarios of industrial Internet platforms are complex, with high standards 
for industrial infrastructure, and their deployment process is relatively cumbersome. In addition, its operational 
model involves multiple participants; therefore, the platform’s construction and operation require substantial 
human, material, and financial resources. The platform operates in an industry with a long return-on-investment 
cycle; therefore, its direct economic benefits are not significant.

(2) Researchers have focused on discovering productive ways to boost the impact of the explorative industrial 
Internet on OGI and have analyzed the fundamental connections between these two components. The theoretical 
model of the impact mechanism of the industrial Internet on the OGI was clarified. The development of the 
industrial Internet presents significant stage characteristics and regional differences in China. In this study, we 
investigated the complex causal relationship between the Industrial Internet and OGI and further analyzed the 
heterogeneous effects of this relationship in different regions. This study reveals how the industrial Internet 
affects the OGI of traditional industries by driving open innovation and developing quality economic growth 
through modernized traditional industry models.

(3) The literature contains studies on the environmental effects of the digital economy and open green 
innovation. However, it lacks an examination of the specific relationship between the industrial Internet and 
open green innovation. The lack of research on the relationship between the industrial Internet and OGI 
undermines the effectiveness of targeted policies, management models, and green development practices. This 
study makes the following significant contributions through its evaluation system for measuring industrial 
Internet development levels across regions. This study examines the development trends and regional variations 
of the industrial Internet and open green innovation. The following section reviews the existing literature to 
develop theoretical bases for hypotheses examining these relationships.

Theoretical foundation and hypothesis development
Platform theory provides a valuable lens for understanding the transformative role of digital platforms in 
fostering innovation, collaboration, and value creation across sectors. According to the study14, technological 
frameworks and platforms bring together various business entities—customers and suppliers—to enable the 
collaborative exchange of information assets, resulting in valuable joint production. According to platform 
theory, enterprises must balance utilitarian and explorative activities to achieve long-term success in the industrial 
Internet. Organizations adjust their current processes through exploitative activities, whereas explorative 
activities involve developing new knowledge, technological progress, and innovative approaches. Through this 
theory, organizations receive guidelines for running both small-scale and groundbreaking innovations from 
their perspective. In the context of the explorative industrial internet, platforms not only connect stakeholders 
but also enable open innovation by leveraging real-time data analytics, automation, and smart manufacturing 
technologies. This theory describes effective methods for companies to conduct utilitarian and explorative 
activities in the context of green innovations.

OGI develops collaborative solutions for sustainability, grounded in platform theory. Under EPRII and 
platform theory, firms combine resources and information to create efficient innovations that improve 
environmental sustainability. Business organizations should actively involve external stakeholders in their 
innovation systems to achieve better results, as this approach helps address complex sustainability issues15. 
Platform theory centers on value co-creation, particularly in the context of digital platforms such as the 
Industrial Internet. The innovation process becomes a collaborative effort through value co-creation, as firms 
integrate their customers, suppliers, and other stakeholders to develop new products and technologies16,17. The 
explorative industrial internet provides an optimal framework for fostering co-creation by enabling seamless 
collaboration among ecosystem entities in the industrial sector, thereby driving green innovation solutions to 
address environmental challenges18.

The value of products or services for users increases directly with the number of existing network members. 
As networks grow and different user groups interact, the usefulness of products or services for various user 
segments also grows. This, in turn, attracts more users to the platform, expanding the overall user base. The 
positive feedback loop created by this process boosts the value of the company’s offerings, significantly impacting 
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the development and sustainment of competitive advantage. According to platform theory, researchers gain 
crucial insights into modern digital economic mechanisms that influence innovation amid competition. Digital 
platforms enable diverse groups to interact and generate innovations, leading to improved operational efficiency 
and competitive shifts. Platforms that benefit from network effects constitute a core element of this theory, 
where the platform’s value rises as more users join, creating a positive feedback cycle. These network effects can 
be direct—adding more users increases value—or indirect—arising from complementary goods and services. 
Building on this foundation, this study hypothesizes that explorative industrial Internet has a positive impact 
on advanced manufacturing technologies, open green innovation, and value co-creation. Additionally, the 
mediating roles of advanced manufacturing technologies and value co-creation, along with the moderating role 
of firm resources, deepen the understanding of how platforms promote sustainable industrial innovation.

The direct impact of (EPRII) on (OGI), (VCC), and (AMT)
Worldwide, the industrial Internet has emerged as a shared strategic priority for nations looking toward the 
future. The power of the Fourth Industrial Revolution is on the rise19 new era. Developed countries have made 
significant advances in establishing their presence in the industrial Internet sector, and China is following suit and 
standing on the same starting line. The industrial Internet is essential for transforming and upgrading traditional 
manufacturing in China to achieve intelligent manufacturing. It integrates advanced technologies to improve 
efficiency, enhance productivity, and foster innovation, helping manufacturers become more competitive and 
sustainable20. At the same time, it plays a crucial role in the growth of the digital economy. China has set a 
clear goal for the top-level design of the Industrial Internet. This plan emphasizes several key areas: accelerating 
the development of new infrastructure, expanding the scope of integrated and innovative applications, 
strengthening security measures, optimizing the industrial ecosystem, and providing appropriate policy support. 
These initiatives are intended to position China as a leader in the global industrial Internet landscape, fostering 
innovation and ensuring a robust infrastructure to support future growth21. At present, the manufacturing 
industry faces challenges including shortages of system framework resources and environmental capacity, rising 
labor costs, and an urgent need for technological innovation. Efficient, low-cost, and environmentally friendly 
production management has become the only means of developing the manufacturing industry22. The global 
manufacturing industry’s competitive landscape is being reshaped by information technology. To capitalize on 
the opportunities presented by the industrial Internet and facilitate China’s transformation, the manufacturing 
sector will be instrumental in fostering the growth of a new economy.

The industrial Internet combines IoT, big data, IT, and security to enable strategic integration. Next-
generation technologies use these to connect with advanced industries and modernize sectors20. This integration 
enhances industrial processes, improves data-driven decision-making, and strengthens cybersecurity, fostering 
innovation and growth across various sectors23. China has a vast manufacturing base and is currently in a 
critical period of transformation from scale expansion to quality improvement24. Manufacturing industries are 
developing industrial Internet subsystems based on these traits. China’s 14th Five-Year Plan serves as a strategic 
blueprint for steering its economy and society toward high-quality, innovative growth, aiming to achieve social 
prosperity and advance socialist modernization in the new era25. China is currently advancing its economic 
expansion through high-quality development, driven by innovation and structural changes. Chinese economic 
development is now shifting toward higher-quality growth that integrates sustainable practices with efficient 
operations to enhance productivity and market competitiveness.

Industrial Internet infrastructure development with innovation means full adherence to international 
economic standards and sustainable growth. The current wave of technological advancement, with its emphasis 
on big data, the Internet of Things, and artificial intelligence, provides China with the strategic opportunities it 
needs to pursue. The implementation of these technologies will reshape the economy by strengthening China’s 
international market. China needs to enhance its self-driven innovation capabilities through the 14th Five-Year 
Plan to achieve breakthroughs in critical technologies and lay the foundation for future advanced industrial 
development26. Various researchers have conducted extensive studies on internet development, analyzing 
technological innovation, industrial structure transformation, and upgrading27. Research has primarily focused 
on the effects of technological innovation on Internet growth, the implementation of big data, and the structural 
changes enabled by open innovation. This narrow focus limits the exploration of other significant influences that 
these technologies may have on broader industrial transformations. Further studies could illuminate their role 
in promoting economic growth and sustainability28.

This study optimizes environmental challenges and business decision-making operations while providing 
critical knowledge and practical insights for organizations across all industry sectors26. The complexity of the 
process and the uncertainty it entails pose significant challenges for governments and management teams seeking 
to implement green innovation practices in industrial operations. Governments must adopt long-term policies 
to actively protect the environment. Therefore, researching green, innovative technologies for enterprises is 
essential to reducing environmental harm, improving the quality of life, and supporting the country’s economic 
development. VCC activities enable companies to develop the ability to deliver exceptional value. This study 
investigates Chinese manufacturing companies, using them as the primary research subjects to evaluate the 
influence of the EPRII on open green innovation. The research hypotheses for this study emerge from the 
theoretical foundation as follows:

H1a: The EPRII has a positive impact on AMT.
H1b: The EPRII has a positive effect on OGI.
H1c: The EPRII has a positive impact on VCC.
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The mediation role of advanced manufacturing technology (AMT)
The term AMT refers to various computer-driven systems that improve industrial process performance. 
Production processes benefit from systems such as computer-aided design and computer-aided manufacturing, 
manufacturing resource planning, robotics, group technology, and flexible manufacturing systems to achieve 
higher efficiency and precision while increasing flexibility. These technologies aim to improve manufacturing 
efficiency, enhance product quality, and enable greater customization in the production process29. Together, 
these technologies form the core framework of AMT, which provides strong support for the efficient operation 
of modern manufacturing30. By applying these technologies, the digitalization, automation, and intelligence 
of the manufacturing process can be realized, thereby improving production efficiency, reducing costs, and 
enhancing enterprises’ market competitiveness. The association with computer-integrated factory automation 
connects AMT as a multidimensional approach that uses various technological elements. This study divides 
AMT adoptive analysis into three distinct categories: design AMT, process AMT, and managed AMT. The 
design AMT category comprises technologies that support product planning and design, whereas process AMT 
provides technology controls to direct production activities and generate process-related information. Managed 
AMT comprises technologies that aid in the management and optimization of operations.

Modern manufacturing depends heavily on technologies such as robotics, artificial intelligence systems, 
computer-aided manufacturing, and control systems to boost industrial intelligence. Manufacturing companies 
improve production efficiency and product quality by adopting these advanced technologies. Studies have 
shown that AMT offers multiple benefits to manufacturers, including market expansion, higher profitability 
and flexibility, lower costs, faster delivery, and improved product quality—thereby increasing productivity 
and strengthening their competitive edge31. In recent decades, researchers have credited AMT with driving 
innovation in design, planning, and manufacturing32. Surprisingly, empirical evidence on the benefits of AMT 
for geographic information is limited. According to33, Manufacturing companies urgently need to understand 
the effects of AMT before adopting geographic information technology solutions. Without an understanding of 
AMT’s benefits, developing a classification system for manufacturing firms’ geographic activities is hindered. 
Using AMT, businesses can reduce pollution, share management techniques, boost efficiency, and improve 
performance, gaining a competitive edge34. In addition, organizations can engage in AMT-based innovation. 
AMT often brings dramatic changes to an organization’s operations and technology. From the moment an 
organization starts adopting AMT, it gains process innovation and green products33. As per the discussion of 
the critical role of these variables in promoting green innovation, this study proposes the following hypotheses:

H2A: AMT has a positive impact on OGI.
H2B: AMT has a positive effect on VCC.
H2C: AMT plays a mediating role between the EPRII and OGI.

The mediation role of value co-creation (VCC)
Value co-creation (VCC) is a collaborative process in which a business and its customers or stakeholders 
co-develop new products, services, or experiences35. In the context of green innovation, VCC facilitates the 
development of environmentally friendly products and technologies through open innovation. Businesses 
collaborate with external partners, such as suppliers, competitors, and research institutes, to conduct activities that 
foster sustainable innovation, a form of open green innovation36. Research evidence indicates that collaboration-
driven value creation catalyzes open green innovation37. When regulations tighten, companies must undertake 
more costly measures to maintain compliance, which may prompt them to develop novel partnership models 
to meet their environmental targets. Open innovation practices for creating green innovations become less 
necessary as regulations become less stringent38. The beneficial effect of VCC extends to OGI, as companies 
recognize the advantages of collaborating on sustainability innovations to meet regulatory requirements.

Co-creation is the process of generating new value through association, collaboration, parallelism, and 
reciprocity, including material and symbolic values. The literature has engaged in an ongoing discussion of 
the distinction between co-creation and co-production, highlighting the importance of clearly differentiating 
between the two39. Other perspectives on innovation research should also be considered when defining the 
boundaries of co-creation within management-related theories40, which focus on collaborative and open 
processes involving both the company and the user. Information systems studies fall under this field and 
therefore focus on customer relationship management, customer engagement technology platforms, and open 
innovation. Under the OGI framework, companies collaborate with external partners, including suppliers, 
competitors, and research institutes, to develop sustainable innovations36. This process emphasizes cross-border 
cooperation and resource sharing to promote the win-win development of environmental protection and the 
regional economy. VCC is a collaborative process in which a business and its customers or stakeholders co-
develop a new product, service, or experience. In the context of green innovation, value co-creation fosters 
the development of environmentally friendly products and technologies through open innovation. Building on 
prior research, this study investigates how Chinese manufacturing enterprises influence the exploration of the 
industrial Internet to enhance open green innovation through the lens of value co-creation. Accordingly, this 
study proposes the following hypothesis:

H3a: VCC has a positive impact on OGI.
H3b: VCC plays a mediating role between EPRII and OGI.
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The moderation role of firm resources (FR)
The industrial development of the Internet of Things (IoT) framework faces critical barriers due to resource 
constraints, mounting environmental concerns, and rising labor costs. The manufacturing sector faces these 
factors as significant barriers to its current development. Technological innovation is urgently needed in 
industry to advance sustainable industrial development through affordable production management methods 
that protect the environment41. Multiple innovative technologies and manufacturing processes at AMT lead to 
greater production efficiency, reduced waste, and minimized environmental impact42. However, companies rely 
heavily on their resources to successfully implement advanced manufacturing technologies and maximize their 
benefits43. The success and performance of advanced manufacturing technology depend heavily on the firm’s 
resource levels.

According to the Resource-Based View (RBV), a company’s unique tangible and intangible resources are 
essential for leveraging new technologies to achieve competitive advantage and sustainable development44. AMT 
requires physical resources, including state-of-the-art machinery and facilities, as well as financial capital to 
function correctly. Intangible resources, including organizational knowledge, technical expertise, and innovation 
capabilities, are essential for integrating AMT into green innovation practices. Research45 highlights the 
importance of these resources in promoting technological progress and fostering a culture of innovation. Firm 
resources regulate the relationship between advanced manufacturing technology and open green innovation; the 
more resource-rich the enterprise, the greater the positive impact of its advanced manufacturing technology on 
open green innovation.

Various scholars have analyzed the development of the Internet, technological progress, and industrial 
structural evolution. Most academic studies primarily analyze how technological innovation affects Internet 
development and big data use, and how open green innovation aligns with industrial structural changes. An 
extensive research gap exists regarding how these technologies converge to shape industrial transformation 
and sustainable development46. However, the extent to which companies can harness the full potential of the 
explorative industrial Internet for open green innovation depends mainly on their resources. According to the 
RBV theory, a company’s tangible and intangible resources are essential for leveraging new technologies to 
pursue sustainable development and competitive advantage44. Tangible resources, such as advanced information 
technology, infrastructure, capital investment, and cutting-edge machinery, provide a necessary foundation for 
integrating EPRII technology.

Simultaneously, intangible resources such as technical expertise, innovation culture, and organizational 
knowledge facilitate the effective absorption and utilization of these technologies47,48. Enterprises with 
significant resources are better able to adopt and adapt explorative IIoT technologies, collaborating with external 
partners through open innovation practices to drive the development of environmentally friendly products 
and processes. By proposing this hypothesis, this study aims to examine how the allocation and utilization of 
firm resources can amplify the benefits of explorative industrial Internet technologies and, in turn, strengthen 
OGI practices, thereby promoting sustainable environmental and economic development in China. Such an 
innovative approach not only helps protect the environment but also provides a sustained impetus for long-term, 
stable economic growth. Studies examining firm performance under various economic conditions have failed 
to identify which resource dimensions have the greatest impact. Value co-creation is a fundamental process 
for developing environmentally friendly products and technologies through open innovation within the green 
innovation context. Therefore, this study proposes the following hypothesis:

H4a: FR has a moderating effect between AMT and OGI.
H4b: FR has a moderating effect between the EPRII and OGI.
H4c: FR has a moderating effect on the relationship between VCC and OGI.

Figure 1 shows the relationship of each hypothesis below.

Methodology
Research design and analytical approach
According to the proposed conceptual framework, this research paper employed a quantitative research design 
to empirically test whether explorative industrial Internet (EPRII) mediates open green innovation (OGI). The 
survey employed a structured questionnaire to collect firm-level information on manufacturing enterprises 
in China. Quantitative research was chosen to test the hypothesized relationships and to refine the proposed 
impact mechanism using rigorous statistical methods. We used Smart PLS software to bootstrap resamples of 
size 5000 in this study to test the hypothetical relationships.

Measurement development and instrument design
The measurement scales used in this study were based on well-developed, extensively validated scales developed 
by internationally recognized scholars. The relevant literature review was carried out in order to guarantee 
construct validity and conceptual consistency. Minor contextual adjustments were also made where necessary to 
align the items with the research aims and the nature of Chinese manufacturing companies.

The original English-language questionnaire was professionally translated into Chinese to ensure linguistic 
precision and contextual appropriateness, with assistance from experienced personnel in innovation and 
research on the industrial Internet. The translation process focused on semantic equivalence and conceptual 
consistency rather than literal translation. Appendix 1 contains the complete list of questions and their wording 
in the questionnaire.
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The basic theoretical findings elucidate EPRII and its role in OGI. The four items of the Explorative Industrial 
Internet were derived from49. This study used three dimensions of AMT: design, planning, and process. Which 
five items of design, four items of planning, and four items of process were adapted from the study of33. The four 
items of value co-creation (VCC) are adapted from50. Four items of the OGI were adapted from Chang51 to meet 
the research objectives. 7 items of Firm Resources excerpted from52.

Questionnaire refinement and content validity
To make the questionnaire more relevant to the current development stage of the Industrial Internet and to open 
green innovation practices, a focus group discussion was conducted. The focus group included two academic 
scholars specializing in innovation research and three doctoral students with methodological expertise. 
According to feedback, ambiguous wording was corrected, unnecessary questions were eliminated, and phrases 
were clarified, precise, and understandable to respondents. This enhanced the content validity and the situational 
relevance of the measurement tool.

Scale format
All perceptual measures utilized a seven-point Likert scale, with 1 indicating strongly disagree and 7 indicating 
strongly agree. The seven-point scale offers greater sensitivity than shorter scales, enabling respondents to 
express subtle attitudes and perceptions, thereby improving measurement accuracy and variability.

Sampling strategy and study context
This study employed a purposive sampling approach to target knowledgeable respondents from Chinese 
manufacturing enterprises. The respondents were managerial-level employees with adequate knowledge of the 
firm’s technological and innovation practices. To manage firm heterogeneity, various organizational attributes 
have been collected, including ownership structure, industry, and enterprise size. The Chinese Securities 
Regulatory Commission (CSRC) standards were used to classify industries into agricultural manufacturing, 
petroleum manufacturing, electrical machinery and equipment manufacturing, pharmaceutical manufacturing, 
and other manufacturing industries. Enterprise size was categorized into small and micro enterprises, medium-
sized enterprises and large enterprises, according to the predetermined Chinese enterprise classification criteria.

Data collection procedure and response rate
The data were collected through a structured questionnaire administered to respondents of qualifying 
manufacturing firms. The survey collected data on construct-level variables and demographics. Data on gender, 
work experience, education level, and respondents’ roles were provided to enhance the analysis and provide 
further insights.

A structured survey was administered to approximately 600 manufacturing enterprises in China. The response 
rate was approximately 76.3%, with 458 questionnaires returned. During data screening and refinement, some 
responses were excluded to ensure data quality. First, 8 questionnaires were excluded due to a high number 
of missing or incomplete responses. Second, 11 responses were excluded due to straightlining, indicating no 
thoughtful participation in the survey. Additionally, 18 questionnaires were excluded due to inconsistent or 
illogical response patterns identified during reliability testing. In addition, 15 responses were excluded because 
respondents failed to meet the initial screening criteria, such as a lack of familiarity with their firm’s industrial 

Fig. 1.  Research framework of study.
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Internet or innovation practices. After that, 406 were deemed valid following these refinement processes and 
were sent to the final empirical analysis. This data cleaning procedure is systematic, thereby increasing the 
reliability and validity of the results, as the retained responses are meaningful and support informed decisions.

Ethical considerations
The survey was conducted voluntarily, and respondents were informed of its academic purpose. All procedures 
carried out in this study involving human participants are in compliance with the ethical standards of the 
respective institutions and/or national research committees, as well as the 1964 “Helsinki Declaration” and its 
subsequent revisions or similar ethical standards. Although no experimental procedures were carried out and 
no human tissue samples were used, the study involved the participation of individuals through the application 
of an anonymous questionnaire None of the participants was forced to participate in this study, and no rewards 
were offered. Confidentiality and anonymity were also guaranteed, and no information that could identify 
individuals was gathered. All responses were utilized solely for research purposes in line with the general ethical 
guidelines concerning social science research.

Demographic profile of respondents
The sample’s respondent profile is balanced and informative, which increases the analysis’s power as shown in 
Table 1. The proportion of male respondents is higher, reflecting the gender composition of China’s manufacturing 
industry. Most respondents have moderate to substantial work experience, indicating that the data were provided 
by individuals with sufficient exposure to organizational processes and technological practices. The educational 
level of the respondents is rather high, as most of them have an undergraduate degree, which implies enough 
cognitive abilities to evaluate the problems associated with the industrial Internet and innovation processes.

From an organizational perspective, responses are obtained nearly equally from middle and top management, 
enhancing the accuracy of information at the firm level because it reflects both strategic and operational 
positions. The sample is balanced across ownership types, allowing comparison of state-affiliated and privately 
owned enterprises. The data range spans a wide variety of manufacturing industries, with greater coverage of 
traditional and technology-intensive industries, thereby enhancing the data’s generalizability. Finally, there is a 
good representation of the firms of various sizes, and the findings are not limited to one size of an enterprise, and 
the conclusions represent the diversity of the Chinese manufacturing environment.

Results
Factor loading, reliability, and convergent validity test
In this study, inter-item reliability was assessed using factor loadings, with a threshold of 0.7053. Table 2 presents 
the loading values of each factor. All values were above the threshold of 0.70. This study employed Smart PLS-4 
to analyze the data, using the measurement model shown in Table 2. The key indicators included Cronbach’s 
α, composite reliability (CR), and mean-variance extraction rate (AVE). Cronbach’s α was used to assess 
internal consistency reliability, which reflects the degree of correlation among the items comprising the scale. 
Composite reliability also measures internal consistency and assesses the consistency between the multiple items 

Name Category Frequency Percentage

Gender of the respondent
Male 282 69.5

Female 124 30.5

Work experience (years)

1 to 3 83 20.4

3 to 6 194 47.8

6 to 9 61 15

More than 9 68 16.7

Educational background

College degree or below 94 23.2

Undergraduate 180 44.3

Master’s degree or above 132 32.5

Respondent’s position
Middle management 208 51.2

Top management 198 48.8

Enterprise nature
State-owned/state-controlled 211 52

Private/privately held 195 48

Industry type

Agricultural manufacturing enterprises 104 25.6

Petroleum manufacturing enterprises 110 27.1

Electrical machinery and equipment manufacturing enterprises 82 20.2

Pharmaceutical manufacturing enterprises 37 9.1

Other manufacturing enterprises 73 18

Enterprise size

Small and micro enterprises (less than 300 Employees) 152 37.4

Medium-sized enterprises (300–1000 employees) 142 35

Large enterprises (more than 1000 employees) 112 27.6

Table 1.  Demographic profile.
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that comprise a structure. The AVE assesses convergent validity by quantifying the proportion of variance in 
structural items attributable to measurement error. The thresholds for Cronbach α, CR, and AVE were α > 0.7, 
CR > 0.7, and AVE > 0.554,55. According to the results shown in the below, the Cronbach α values for advanced 
manufacturing technology design are DAMT = 0.927, EPRII = 0.904, FR = 0.947 for firm resources, OGI = 0.890 
for open green innovation, PLAMT = 0.869 for planning advanced manufacturing technology, PrAMT = 0.896 
for process advanced manufacturing technology, and (VCC) for value co-creation 0.916. These results show that 
the reliability and validity values meet the threshold requirements.

Discriminant validity
HTMT-matrix
To characterize the differences among the benchmarks, we developed a new measurement method: the HTMT 
Ratio Standard. An HTMT ratio close to 1 indicates insufficient discriminant validity in the path results56. 
HTMT calculates the impact of a variable (specifically, its upper limit). To clearly distinguish between the two 
factors, the HTMT should be less than 157. Therefore, within the scope of this investigation, the HTMT ratios 
were accepted as valid. The HTMT ratios in Table 3 range from 0.000 to 0.846, with a maximum of 0.846. 
Notably, all values were below the established thresholds, suggesting that discriminant validity was generally 
accepted in this study.

Cross loadings
The results in Table 4 show that the project loads for each construct exceed the cross-loads for other potential 
constructs. This conclusion meets the requirements for discriminant validity, indicating that the measurement 
tool can distinguish between the constructs.

Constructs Items Factor loadings CB-Alpha CR_A AVE

Advance Manufacturing Design

DAMT1 0.913

0.927 0.929 0.774

DAMT2 0.905

DAMT3 0.861

DAMT4 0.866

DAMT5 0.851

Explorative industrial internet

EPRII1 0.850

0.904 0.904 0.776
EPRII2 0.866

EPRII3 0.893

EPRII4 0.915

Firm resources

FR1 0.893

0.947 0.949 0.758

FR2 0.842

FR3 0.892

FR4 0.837

FR5 0.870

FR6 0.878

FR7 0.878

Open green innovation

OGI1 0.822

0.890 0.890 0.753
OGI2 0.892

OGI3 0.904

OGI4 0.852

Planning advanced manufacturing technology

PLAMT1 0.828

0.869 0.873 0.720
PLAMT2 0.905

PLAMT3 0.884

PLAMT4 0.770

Process advance manufacturing technology

PrAMT1 0.894

0.896 0.898 0.763
PrAMT2 0.873

PrAMT3 0.900

PrAMT4 0.825

Value-co creation

VCC1 0.867

0.916 0.917 0.799
VCC2 0.894

VCC3 0.910

VCC4 0.904

Table 2.  Factor loading, reliability, and convergent validity.
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Common method bias and collinearity statistics
In this study, a Structural Equation Model (PLS-SEM) and Common Method Deviation (CMB) were used, 
which are systematic errors arising from factors such as a shared data source or measurement environment. This 
usually occurs when data are collected from a single source at the same point in time. CMB may affect the study’s 
validity. The most common method for testing CMB is Harman’s one-way test58, particularly in social science 
research. Therefore, in this study, the researchers used Harman’s univariate test in SPSS v26 to identify potential 
problems with CMB, and the analysis indicated that the first factor accounted for approximately 48.44% of the 
variance. According to the social science literature, the threshold for CMB is typically set at less than 50%59. The 
Kaiser-Meyer-Olkin Sampling Adequacy Index (KMO) was also used, yielding a value of 0.000.

Items DAMT EPRII FRI OGI PLAMT PrAMT VCC

DAMT1 0.913 0.543 0.497 0.669 0.635 0.610 0.487

DAMT2 0.905 0.453 0.427 0.578 0.555 0.565 0.420

DAMT3 0.861 0.497 0.424 0.592 0.571 0.566 0.488

DAMT4 0.866 0.488 0.393 0.555 0.532 0.551 0.445

DAMT5 0.851 0.479 0.410 0.612 0.611 0.581 0.437

EPRII1 0.513 0.850 0.482 0.597 0.577 0.520 0.525

EPRII1 0.513 0.850 0.482 0.597 0.577 0.520 0.525

EPRII2 0.494 0.866 0.454 0.591 0.539 0.528 0.503

EPRII3 0.485 0.893 0.511 0.614 0.575 0.519 0.485

EPRII4 0.484 0.915 0.490 0.600 0.556 0.532 0.519

FR1 0.449 0.490 0.893 0.609 0.502 0.474 0.459

FR2 0.407 0.486 0.842 0.528 0.497 0.458 0.406

FR3 0.450 0.501 0.892 0.605 0.525 0.489 0.462

FR4 0.432 0.497 0.837 0.497 0.465 0.420 0.387

FR5 0.421 0.447 0.870 0.530 0.500 0.453 0.450

FR6 0.411 0.445 0.878 0.598 0.508 0.478 0.464

FR7 0.422 0.490 0.878 0.555 0.489 0.446 0.445

OGI1 0.588 0.584 0.540 0.822 0.641 0.587 0.533

OGI2 0.617 0.600 0.546 0.892 0.624 0.583 0.543

OGI3 0.588 0.600 0.554 0.904 0.643 0.586 0.562

OGI4 0.587 0.582 0.603 0.852 0.626 0.608 0.545

PLAMT1 0.546 0.526 0.442 0.576 0.828 0.615 0.492

PLAMT2 0.552 0.558 0.500 0.642 0.905 0.656 0.553

PLAMT3 0.588 0.566 0.530 0.659 0.884 0.647 0.563

PLAMT4 0.559 0.513 0.466 0.596 0.770 0.610 0.481

PrAMT1 0.574 0.517 0.450 0.577 0.657 0.894 0.452

PrAMT2 0.542 0.495 0.432 0.594 0.662 0.873 0.450

PrAMT3 0.606 0.548 0.504 0.638 0.681 0.900 0.512

PrAMT4 0.561 0.518 0.460 0.567 0.601 0.825 0.439

VCC1 0.480 0.531 0.455 0.573 0.582 0.503 0.867

VCC2 0.460 0.530 0.481 0.575 0.546 0.451 0.894

VCC3 0.428 0.459 0.426 0.542 0.510 0.428 0.910

VCC4 0.481 0.535 0.443 0.557 0.562 0.511 0.904

Table 4.  Items cross loadings.

 

Constructs DAMT EPRII FRI OGI PLAMT PrAMT

EPRII 0.611

FRI 0.522 0.596

OGI 0.753 0.760 0.701

PLAMT 0.737 0.721 0.631 0.831

PrAMT 0.716 0.661 0.573 0.762 0.846

VCC 0.560 0.632 0.541 0.696 0.689 0.583

Table 3.  Heterotrait-Monotrait ratio (HTMT).

 

Scientific Reports |        (2026) 16:11312 9| https://doi.org/10.1038/s41598-026-40439-0

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Furthermore, to assess collinearity and multicollinearity, we conducted a full collinearity analysis by examining 
the variance inflation factor (VIF) for the models. Outer-model VIF values ranged from 1.609 to 4.219 across 
all indicators. None exceeded the threshold of 5.0, indicating that multicollinearity is not an issue and that these 
indicators offer unique explanatory power. Similarly, inner-model VIF values of the latent variables ranged from 
1.704 to 3.064, indicating acceptable levels. The highest correlations were between platform-level and process-
level advanced manufacturing technology, but remained well below the critical threshold of 3.3. These results 
show that neither CMB nor multicollinearity threatens the validity of the models. This confirms the robustness 
of the path coefficients and supports the credibility of hypothesis tests and conclusions.

Structural model results
Direct path model results
After conducting an empirical analysis to test the hypothetical structural model, we obtained the structural 
model path analysis as shown in Fig. 2.

Table 5 below explains the results of the algorithm and guided test, including the effect size (coefficient β) 
and the corresponding effect significance (t-value and p-value). The results showed that EPRII was positively 
correlated with AMT (β = 0.647, t = 14.343, p = 0.000). Similar to EPRII, IT was positively correlated with OGI 
(β = 0.231, t = 5.119, p = 0.000). In this study, EPRII was also positively correlated with VCC (β = 0.283, t = 5.484, 
p = 0.000), indicating a significant positive association. The study also found a positive correlation between 
AMT and OGI (β = 0.526, t = 12.477, p = 0.000). There was also a positive correlation between AMT and VCC 
with β = 0.436, T = 8.187, and p = 0.000. Finally, the study found that VCC and OGI were positively correlated 
(β = 0.166, t = 4.53, p = 0.001).

Mediation results
The path analysis of the specific indirect effects showed that AMT mediated the relationship between EPRII 
and OGI (β = 0.355, t = 8.633, p = 0.000). These values confirm the significant mediating role of AMT in the 
relationship between EPRII and OGI. The values for the mediating role of VCC between EPRII and OGI were 
β = 0.047, t = 3.378, and p = 0.001, confirming VCC’s mediating role. As shown in Table 6.

Hypothesis Original sample Standard deviation T-statistic P-value

H1a: EPRII→AMT 0.674 0.047 14.343 0.000

H1b: EPRII→OGI 0.231 0.045 5.119 0.000

H1c: EPRII→VCC 0.283 0.052 5.484 0.000

H2a: AMT→OGI 0.526 0.042 12.477 0.000

H2b: AMT→VCC 0.436 0.053 8.187 0.000

H3a: VCC→OGI 0.166 0.037 4.530 0.000

Table 5.  Direct effects.

 

Fig. 2.  SEM results.
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Moderation results
The results showed that FR played a moderating role in EPRII and OGI, with β = 0.048, t = 2.284, and p = 0.022. 
FR moderated the relationship between VCC and OGI (β = 0.053, t = 2.425, p = 0.015). FR played a significant 
regulatory role between AMT and OGI (β = 0.054, t = 2.336, p = 0.020). Table 7 shows the list.

Figure 3 shows the moderating effects of FR on the EPRII and OGI. Specifically, the positive impact of EPRII 
on OGI is reinforced by higher FR levels; companies aiming to improve OGI through EPRII may achieve better 
results by focusing on increasing FR.

Figure 4 shows the moderating effect of FR on VCC and OGI, indicating that OGI increases as FR increases, 
regardless of the VCC level. This suggests that the higher the FR level, the greater the positive effects on VCC 
and OGI values.

Figure 5 shows the moderating effect of FR on AMT and OGI, indicating that OGI increases with an increase 
in FR, regardless of the AMT level. This suggests that the higher the FR level, the greater the positive impact of 
AMT and OGI.

Structural cross-validation redundancy
Table 8 presents the cross-validation redundancy values used in the model. The table presents the results for Q2 
and R2. For the AMT construct, Q2 was 0.354, and R2 was 0.454, indicating that the model accounts for moderate 
predictive correlations and variance. VCC had a Q2 of 0.342 and an R2 of 0.436, indicating a moderate degree of 
predictive correlation and a substantial proportion of explained variance. The predictive correlation of the OGI 
values was the highest (Q2=0.524), and the interpretable variance was the largest (R2= 0.676). Therefore, AMT, 
VCC, and OGI showed varying degrees of predictive relevance and explanatory power in the study models60.

IPMA results
The IPMA analysis in this study showed the total effect (the X-axis represents importance) and the latent variable’s 
exponential value (the Y-axis represents performance). According to Fig. 6, the “explorative Industrial Internet” 
is the most important factor because of its high importance score. This indicates that the “explorative industrial 
Internet” has a significant impact on this study and is currently performing well. In addition, manufacturing 
companies must invest time and resources to enhance the utilization of the Industrial Internet to improve the 
enterprise’s overall performance.

Discussion
The results of this study support the hypothesis that H1a —the EPRII —has a significant positive impact on AMT. 
The analysis in this chapter shows that EPRII has a positive, direct effect on AMT and that the two are positively 
correlated, indicating that enterprises using EPRII technology have made significant progress in manufacturing. 
This discovery provides a theoretical basis for understanding how EPRII produces technological innovations. 
The latest data analytics and digital tools enable companies to optimize their manufacturing processes, thereby 
improving production efficiency. The positive impact demonstrates that explorative Industrial Internet initiatives 
help organizations by enabling them to integrate innovative technologies into their manufacturing operations. 
Industrial Internet research has revolutionized manufacturing technology, enabling companies to develop more 
robust connectivity systems, make data-driven decisions, and integrate new technologies.

This study validates H1b (explorative industrial Internet) and its positive effect on OGI. The results indicate 
that explorative industrial Internet use positively boosts open green innovation processes. Organizations can 
use new digital tools, along with data analytics, to enhance manufacturing processes, as this discovery confirms 
the explorative industrial internet as an innovation catalyst, consistent with theoretical models61. The industrial 
Internet promotes OGI by enhancing data collection and analysis capabilities, thereby demonstrating its 
explorative impact in enabling open green innovation. OGI receives a primary boost from explorative industrial 

Hypothesis Original sample Standard deviation t statistics p-Value

Bias-corrected confidence 
intervals

Deviation 2.5% 97.5%

H4a: FR x AMT→OGI 0.054 0.023 2.336 0.020 -0.001 0.010 0.101

H4b: FR x EPRII→OGI 0.048 0.021 2.284 0.022 0.001 0.011 0.094

H4c: FR x VCC→OGI 0.053 0.022 2.425 0.015 -0.001 0.010 0.096

Table 7.  Moderation results.

 

Hypothesis Original sample Standard deviation T-statistic P-value

Bias-corrected confidence 
intervals

Deviation 2.5% 97.5%

H2c: EPRII→AMT→OGI 0.355 0.041 8.633 0.000 -0.001 0.275 0.435

H3b: EPRII→VCC→OGI 0.047 0.014 3.378 0.001 0.000 0.024 0.079

Table 6.  Mediation results.
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internet applications. The technology infrastructure, along with data-driven insights, collaborative platforms, 
and flexible solutions from this system, helps manufacturers establish sustainable methods and technologies.

The findings of this study confirm H1c, demonstrating that EPRII functions as a positive factor for VCC. 
The EPRII demonstrates a substantial direct role in VCC processes that revolutionize traditional business 
practices and establish new inter-enterprise, customer, and technology-provider collaboration systems. 
Multiple industries demonstrate this influence in both manufacturing and service industry operations. Studies 
have shown that the Industrial Internet generates VCC through enhanced information sharing and greater 
operational efficiency, while facilitating different collaboration methods and delivering improved customer 
service. Industrial processes have become more efficient because digital technologies enable real-time system 
monitoring, optimized operations, and rapid information transfer. Improved connectivity enables businesses 
to allocate resources more effectively, thereby enhancing collaboration. Open innovation occurs through digital 
platforms that connect different value-creation participants to combine decentralized resources for more 
effective solutions and benefits.

The study found that AMT has positive effects on OGI and VCC. Advanced manufacturing technologies have 
played an essential role in promoting OGI and VCC development. The results of this investigation contribute 
to the academic understanding and provide quantitative assessments of advanced manufacturing techniques for 
implementing open green innovations. The current study produced findings similar to those of prior studies33,62, 
in which industrial Internet adoption by enterprises promotes the use of advanced manufacturing technologies. 
The researchers assumed that the validation of H2a and H2b was complete. Research data show that VCC is 
positively correlated with OGI. Companies that achieve better OGI results tend to actively engage in value co-
creation through partnerships with customers, suppliers, and other business partners. VCC activities strengthen 
firms’ ability to develop and implement sustainable innovations through their positive relationships. The study 
supports the notion that joint ventures facilitate knowledge dissemination through resource and idea sharing, 
thereby driving sustainable innovation35. Open innovation succeeds by integrating stakeholders who provide 
external knowledge to develop better green solutions. According to these findings, OGI requires VCC methods 
as essential enablers. The research findings support the hypothesis that H3a is valid.

Path analysis revealed that advanced manufacturing technology functions as an intermediary connection 
between the explanatory industrial Internet and OGI. Its numerical values indicate that this technology serves 

Fig. 3.  The moderating role of FR between EPRII and OGI.
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as a potent mediator between the two elements. OGI success is attainable for companies that use explorative IIoT 
technologies to discover and apply new digital tools. The deployment of these technologies allows companies to 
apply innovative green solutions, including automation and intelligent systems, more efficiently. According to the 
mediating effect, AMT plays a vital role in converting explorative digital practices into actual green innovations. 
Therefore, H2c is validated. The statistical analysis in this study revealed that VCC functions as a mediating factor 
linking the explorative industrial Internet and open green innovation. The obtained values of β = 0.047, t = 3.378, 
and p = 0.001 indicate that VCC acts as a key intervening factor in this relationship. OGI success increases for 
enterprises that use EXPRII through VCC. According to the mediating effect, VCC mediates the relationship 
between digital exploration practices and actual green innovation outcomes. The relationships between these 
variables are as follows: EPRII → VCC → OGI. Therefore, H3b was validated.

Research has demonstrated that firm resources are a major factor influencing the link between advanced 
manufacturing technologies and open green innovation. The study found that firm resources significantly 
modify the relationship between EPRII and OGI. Simultaneously, firm resources shape the relationship between 
value co-creation and OGI and moderate it. Enterprises with robust resources demonstrate greater capacity to 
deploy innovative manufacturing technologies to develop novel, green solutions. Having significant corporate 
resources can enhance the implementation and scaling of advanced technologies, thereby contributing to OGI’s 
greater success. This result underscores the importance of adequate resources to maximize AMT use and foster 
sustainable innovation, consistent with the resource-based perspective, which emphasizes the role of internal 
capabilities in achieving competitive advantage. However, since the questionnaire survey data used in this study 
are cross-sectional and cannot capture patterns of change over time, they are susceptible to sample selection bias 
and common trends. Further longitudinal and multi-industry studies are needed to validate these findings and 
apply them to different settings. Therefore, H4a was supported. This study shows that enterprises with sufficient 
resources are better able to effectively deploy explorative industrial Internet technologies for OGI development. 
The presence of significant corporate resources supports the implementation and expansion of innovative 
digital tools, thereby amplifying the impact of explorative use on green innovation outcomes47. This finding 
highlights the critical role of firm resources in effectively deploying new digital technologies to foster sustainable 
innovation, consistent with the view that resource availability affects the ability to capitalize on new technological 

Fig. 4.  The moderating role of FR between VCC and OGI.
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opportunities. These findings highlight the need for companies to strategically invest in and manage resources to 
maximize the benefits of the explorative industrial Internet. Therefore, H4b is supported.

The analysis shows that the positive impact of VCC on OGI is significantly greater in enterprises with greater 
financial, human, and technological resources. This indicates that companies with sufficient resources are better 
able to leverage stakeholder collaboration to achieve better OGI results. The strong availability of resources 
enhances firms’ ability to invest and implement partnership programs effectively, thereby reinforcing the impact 
of VCC on the development and scale of green innovation. This finding highlights the role of corporate resources 
in supporting the successful integration of stakeholder input and collaborative efforts into innovative green 
solutions, consistent with the resource-based view, which holds that organizational resources are essential 
for businesses to capitalize on opportunities for collaborative innovation. Therefore, we assume that H4c is 
supported.

Theoretical implication
This study enhances our understanding of how the explorative industrial Internet (EPRII) drives open green 
innovation and contributes to sustainable industrial practices. Theoretically, it clarifies the mechanism by which 
the EPRII Program impacts open green innovation, demonstrating that digital transformation in traditional 

Construct SSO SSE Q2 (= 1-SSE/SSO) R2

AMT 1218.000 787.1620 0.354 0.454

EPRII 1624.000 1624.000 – –

FRI 2842.000 2842.000 – –

VCC 1624.000 1068.542 0.342 0.436

OGI 1624.000 772.5720 0.524 0.676

Table 8.  Cross-validated redundancy.

 

Fig. 5.  The moderating role of FR between AMT and OGI.
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industries enhances technological innovation and collaboration. By exploring the mediating roles of advanced 
manufacturing technology (AMT) and value co-creation, this study highlights the essential pathways through 
which EPRII facilitates green innovation. This study also addresses the moderating role of firm resources, showing 
that companies with greater resources are better positioned to leverage digital technologies for sustainability. 
This study enriches platform theory by demonstrating how EPRII acts as a digital platform that facilitates value 
creation and open green innovation. Traditional platform theory emphasizes the role of platforms in connecting 
different stakeholders (e.g., customers, suppliers, and firms) to create value for the platform. This study extends 
this view by showing that platforms such as the EPRII not only enable collaboration but also drive technological 
innovation and sustainability.

Practical implication
In practice, this study offers insights for policymakers and business leaders seeking to optimize the integration 
of EPRII to encourage green innovation. This emphasizes the importance of resource investment, stakeholder 
collaboration, and technological infrastructure in driving an effective digital transformation. The findings 
suggest that targeted innovation policies and management practices should consider regional heterogeneity 
and the complexity of industrial Internet applications to maximize sustainability and economic growth. From a 
financial perspective, the findings suggest that leveraging the EPRII accelerates industrial modernization while 
promoting sustainability. This study provides a roadmap for policymakers to invest in digital infrastructure 
and collaborative innovation platforms to facilitate green industrial practice. Businesses can capitalize on 
these results by aligning resource allocation with green goals, thereby advancing China’s vision of high-quality, 
environmentally sustainable economic development.

Conclusion
To reveal the impact mechanism of the explorative industrial Internet (EPRII) on the open green innovation 
(OGI) of manufacturing enterprises, this study considers the changes in the global manufacturing pattern, the 
transformation and upgrading needs of China’s manufacturing industry, and the joint promotion of ecological 
civilization construction as the background to understand how the industrial Internet promotes the green, open, 

Fig. 6.  IPMA of OGI.
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and innovative development of the manufacturing industry by promoting open green innovation, and reveals 
the mechanism and influencing factors by taking China’s manufacturing enterprises as the research object. A 
theoretical model of the impact mechanism of EPRII on the OGI of manufacturing enterprises was constructed, 
and questionnaire survey data from 406 Chinese manufacturing enterprises were used to empirically test the 
model using structural equation modeling. The results show that EPRII has a positive and significant impact on 
the OGI of manufacturing enterprises in China. Simultaneously, advanced manufacturing technology and value 
co-creation serve as intermediaries between the explorative industrial Internet and open green innovation in 
manufacturing enterprises. The company’s resources play a significantly positive moderating role in the impact 
of explorative industrial Internet, advanced manufacturing technology, and value co-creation on open green 
innovation.

Limitations and future research
The research analysis has various significant limitations. The findings from cross-sectional research preclude 
investigators from determining temporal cause-and-effect relationships, underscoring the need for future studies 
to use longitudinal methods. The specific geographic region and business sectors emphasized in this study limit 
the generalizability of the results to other contexts, as cultural and economic factors may shape the digital and 
green innovations that businesses adopt. Self-reported questionnaires as data sources introduce potential risks 
associated with standard methods and social desirability bias, which require additional credible information to 
enhance validity. Researchers should develop more intricate definitions of complex constructs, such as “open 
green innovation” and “explorative industrial internet,” to capture the essential subtleties of these concepts.

Data availability
This study used first-hand data collected through questionnaires. The datasets analyzed in the current study are 
available from the corresponding author upon reasonable request.

Code availability
No custom code or proprietary softwares were developed for this study. All analyses were conducted using 
standard and publicly available statistical software.
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