<@ sustainability

Article

Knowledge Element Relationship and Value Co-Creation in the
Innovation Ecosystem

Gening Yang

check for
updates

Citation: Yang, G. Knowledge
Element Relationship and Value
Co-Creation in the Innovation
Ecosystem. Sustainability 2024, 16,
4273. https://doi.org/10.3390/
sul6104273

Academic Editor: Andrew Thomas

Received: 11 April 2024
Revised: 12 May 2024

Accepted: 16 May 2024
Published: 19 May 2024

Copyright: © 2024 by the author.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

School of Economics and Management, Nanchang University, Nanchang 330031, China; yanggening@ncu.edu.cn

Abstract: In the era of Innovation 3.0, more and more enterprises are working together to build an
innovation ecosystem to achieve value creation. The various participants in the innovation ecosystem
promote resource aggregation and integration through cross boundary collaboration, jointly creating
the value of the ecosystem. Value co-creation has become the core goal pursued by the participants
in the innovation ecosystem. As an innovative participant in the innovation ecosystem, it is par-
ticularly necessary for enterprises to explore the formation mechanism of value co-creation from
the perspective of enterprise knowledge characteristics. This article analyzes the value co-creation
mechanism of innovation ecosystems from the perspective of including internal knowledge bases
and external relationships. Based on the dimension of knowledge element relationships, a theoretical
model is constructed to investigate the impact of enterprise knowledge element relationships on value
co-creation in innovation ecosystems and explore the mediating role of knowledge synergy and the
moderating role of innovation ecosystem normativity. The relationships are modeled based on survey
data collected from 427 Chinese companies, and multiple regression analysis and bootstrap methods
are used to empirically test the hypotheses. The research results show that different dimensions of
knowledge element relationships have different impacts on value co-creation. Knowledge element
substitution negatively affects value co-creation, while knowledge combination diversity positively
affects value co-creation. However, there is an inverted U-shaped relationship between knowledge
element complementarity and value co-creation. Knowledge synergy partially mediates the relation-
ship between knowledge element relationships and value co-creation, and innovation ecosystem
normativity has a two-stage moderating effect on the path from knowledge element relationships
to knowledge synergy to value co-creation. This article enriches the research content of knowledge
management in innovation ecosystems, guides enterprises in the innovation ecosystem to reasonably
construct their own knowledge systems, and promotes the formation of innovation ecosystem norms,
thus promoting the development of value co-creation activities.
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1. Introduction

The new paradigm called innovation ecosystem, which is driven by a diverse en-
vironment of ecological development, has become a core element in enterprise develop-
ment strategies [1,2], such as Haier’s open innovation platform and IBM’s hybrid cloud
ecosystem. When Huawei released HarmonyOS 2.0, it stated that only 1% are focused
on the successful development of operating systems, and the remaining 99% are focused
on ecology. The cross boundary collaboration of participating entities in the innovation
ecosystem shapes value creation into a markedly open process, gradually transforming the
thinking logic of value output from individual creation to co-creation with other resource
owners [3,4]. Most studies have explored the mechanisms, models, and antecedents of
value co-creation in innovation ecosystems at the systemic level [4,5], but with minimal
exploration of the reasons from the perspective of participating entities. However, the
internal characteristics of participants have an impact on their research and development
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ability, collaborative behavior, and knowledge integration ability, among other aspects.
In an innovation ecosystem, value co-creation will constantly change under the influence
of participants” internal characteristics. Therefore, seeking the generation mechanism of
value co-creation from the perspective of participants can provide an effective reference for
building a sustainable and win-win innovation ecosystem and achieving value co-creation.

A knowledge-based theory holds that knowledge is the foundation of value cre-
ation [6]. Enterprises, as an innovation participant in the innovation ecosystem [7], achieve
value co-creation through knowledge interaction with partners. The success of this process
is closely related to the internal knowledge base characteristics of enterprises [8]. Huawei
and Haier also deploy their knowledge base in a directional manner in building an in-
novation ecosystem and influence the knowledge layout of their partners in innovation
ecosystem development. In addition, the innovation ecosystem is considered an inno-
vation network primarily connected by collaborative innovation among participants [9].
Knowledge synergy, as the foundation of collaborative innovation [10], can enhance the
knowledge level of participants and also improve the overall capacity of the innovation
ecosystem [11]. To promote the realization of value co-creation, Huawei regularly holds
partner ecological conferences and other activities annually, particularly through the open
exchange of knowledge resources, forms knowledge synergy with partners, and realizes the
transformation of cooperative relationships from simple economic benefits (e.g., technology
and products) to cultural and value recognition. The standardization of the innovation
ecosystem, as a situational element, also has a certain impact on the smooth operation of
activities in the innovation ecosystem [12] and may play an important role in transforming
knowledge resources into value. However, there is currently a lack of clear understand-
ing of the relationship and boundary conditions among knowledge base characteristics,
knowledge synergy, and value co-creation. Consequently, this situation leads to low ef-
ficiency and insufficient effectiveness in knowledge deployment in the practice process
of innovation ecosystems. Therefore, clarifying the relationship between different types
of knowledge foundation characteristics, knowledge synergy, and value co-creation in
enterprises, as well as whether they are influenced by the standardization of the innovation
ecosystem, has become an urgent issue in the research and practice of innovation ecosystem
and knowledge management theory.

2. Literature Review
2.1. Innovation Ecosystem and Value Co-Creation

Since Adner [13] officially proposed the concept of innovation ecosystems, it has
become a research hotspot in the field of innovation management. Some studies have
suggested that the innovation ecosystem is a collection of dynamic entities, innovative ac-
tivities, innovative products, partnerships, and institutional norms involved in innovation.
The innovation ecosystem fully considers the innovation and environmental embedded-
ness of participating entities, forming a self-organizing network around common value
propositions, resource sharing, and interdependence between entities [3,14,15]. Jacobides
et al. [16] argued that the innovation ecosystem, unlike traditional innovation paradigms,
does not focus on the innovation of individual technologies but on how to create additional
value through overall collaborative effort (i.e., products, services, operations, strategies,
or business models that are innovative and can bring economic benefits). The innovation
ecosystem, as a new competitive unit, adopts a holistic perspective to help participating
entities achieve difficult goals solely on their own. Competition between enterprises in
the past has gradually evolved into a competition between the innovation ecosystems of
enterprises, reflected in the joint effort of participating entities to achieve value co-creation
and bring new competitiveness to the system [7,17,18]. Russell et al. [19] believed that an
innovation ecosystem is a collaborative network focused on value co-creation.

The existing literature on value co-creation in innovation ecosystems has mainly
focused on two aspects. On the one hand, the mechanisms and models of value co-creation
in the innovation ecosystem are explored. Kahle et al. [20] conducted research on small and
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medium-sized enterprises and found that value co-creation in innovation ecosystems relies
on the joint participation of multiple stakeholders. They determined that this collaborative
model can help overcome resource and technology shortages. Ritala et al. [5] found that
the innovation ecosystem satisfies the value acquisition goals of all participating entities
through open collaboration to achieve the overall goals of the innovation ecosystem and
achieve value co-creation. Yngfalk [21] proposed that the optimal choice for achieving value
co-creation in the innovation ecosystem is the interaction combination of operating modes
or operating mechanisms, starting from the two main lines of value co-creation models
and mechanisms. On the other hand, the antecedents of value co-creation in innovation
ecosystems are explored from multiple perspectives. Fontana et al. [22] used the theory of
planned behavior as a basis for determining that value orientation, sharing systems, level of
trust in leading enterprises, and environmental driving factors can affect value co-creation
in the innovation ecosystem. Clarysse et al. [23] indicated that shared vision and shared
values among participating entities in an innovation ecosystem can effectively promote
value co-creation. Mele et al. [24] combined social network and knowledge combination
theories and found that knowledge network embedding can affect value co-creation.

2.2. Knowledge Element Relationship

Knowledge-based theory emphasizes that knowledge is the fundamental resource
for value creation [6]. Ritala and Almpanopoulou [25] argued that “innovation” in the
innovation ecosystem represents the invention and creation of new knowledge. The value
transformation of the innovation ecosystem needs to be achieved with the support of the
internal resources of participating entities [26]. Moreover, the collection of knowledge
resources owned by enterprises, namely, enterprise knowledge foundation [27], becomes
the guarantee for achieving value co-creation. The existing literature has typically divided
knowledge foundations into breadth and depth based on structural dimensions, exploring
their effects on different outcome variables in different research contexts [28,29]. How-
ever, some studies have considered innovation a combination or reorganization of existing
knowledge elements [30]. These studies have recognized that the relationships between
knowledge elements reflect specific ways in which enterprises utilize knowledge. Under-
standing knowledge bases from a relational dimension is a superior perspective [31]. Yoon
et al. [32] proposed that the knowledge resources of enterprises are composed of knowl-
edge elements and their interrelationships. Moreover, they found that the combination of
knowledge elements is related to the development and utilization of new knowledge by en-
terprises using their knowledge base. Dibiaggio et al. [33] divided the relationship between
knowledge elements into knowledge complementarity and knowledge substitutability.
They determined that the level of knowledge element complementarity has a promoting
effect on the innovation ability of enterprises. However, the level of knowledge element
substitution may generally inhibit the innovation ability of enterprises. On this basis, Li
et al. [34] further analyzed the curve relationship between knowledge complementarity
and knowledge substitutability and technological innovation performance, using them as
antecedent variables.

2.3. Knowledge Synergy

Adner [13] indicated that the innovation ecosystem achieves value output by creating
collaborative networks that enable participating entities to engage in complementary col-
laboration. Baldwin et al. [35] explored the driving factors for the operation of innovation
ecosystems and found that synergistic effects are an important mechanism for the develop-
ment of innovation ecosystems. Van Gils and Zwart [36] combined knowledge foundation
theory and believed that effective collaboration between enterprises can promote the accu-
mulation of knowledge resources, which is an effective way to achieve value creation. With
the advent of the knowledge economy, scholars have combined collaboration with knowl-
edge management and proposed knowledge synergy [10]. Extensive studies have explored
the role of knowledge synergy in the relationship between the resource endowment of
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innovation entities and innovation outcomes. Grimpe and Kaiser [37] conducted research
on innovation alliances and determined that knowledge synergy plays a mediating role
between alliance knowledge heterogeneity and firm innovation performance. Schilling [38]
found that knowledge synergy plays a mediating role between technological diversification
and the sustainability of enterprise innovation. Zhang et al. [39] conducted a case study on
technology alliances and showed that knowledge flow runs through the entire innovation.
Moreover, they determined that knowledge synergy promotes the integration of knowledge
resources between enterprises and partners, ultimately achieving technological innovation.

2.4. Review

A review of the existing literature indicates certain potential connections among value
co-creation in the innovation ecosystem, knowledge element relationship, and knowledge
synergy. Value co-creation in the innovation ecosystem has always been the focus of
scholars” attention. Existing studies have conducted in-depth research on the operating
mechanism and model of value co-creation from multiple perspectives. However, most
of them have been based on the overall perspective of the system, and minimal research
has been conducted on the influencing factors of value co-creation from the perspective
of participating subjects. Accordingly, there is urgency in exploring how the factors of the
actual participating subjects affect value co-creation. The knowledge base of an enterprise
is the foundation of value creation, and explaining this knowledge base from a relational
dimension is a superior perspective. The relevant literature on the knowledge element
relationship has mostly been based on an internal perspective within an enterprise. These
studies have effectively combined innovation ecosystems with knowledge base theory to
explore the role of knowledge element relationship from the perspective of innovation
ecosystems, which can relatively enrich the current literature. In the innovation ecosystem,
knowledge synergy plays an indispensable role in transforming knowledge resources into
value, but the existing literature has focused considerably on alliances or simple inter-
enterprise cooperation scenarios. As an innovative ecosystem based on knowledge with
collaborative networks, it has essential differences in value pursuit from alliances or simple
inter-enterprise cooperation. Hence, the role of knowledge synergy in the innovative
ecosystem with symbiotic and dynamic characteristics must be explored. On the basis
of the shortcomings of the existing literature, this study attempts to verify the impact of
knowledge element relationships on value co-creation in innovation ecosystems from the
perspective of knowledge base. Moreover, this research explores the mediating mechanism
of knowledge synergy and situational factors in this process to provide theoretical references
for enterprises in innovation ecosystems to achieve value co-creation.

3. Theoretical Foundations and Research Hypotheses
3.1. Knowledge Element Relationship and Value Co-Creation

Value co-creation refers to the sharing of innovation resources based on common inno-
vation goals among the various entities in the innovation ecosystem and the continuous
creation of value to meet market demands [26]. Knowledge-based theory believes that
enterprises are a collection of knowledge elements, and innovation is the combination or
reorganization of existing knowledge elements [30]. The interaction between knowledge
elements can bring value output. Knowledge element relationship refers to the relation-
ship between knowledge elements in creating new knowledge based on their combined
activities [40]. The current study used Colombelli et al. [41] and Dibiaggio et al. [33] as
bases to reflect the knowledge element relationship from three aspects: complementarity,
substitutability, and knowledge element combination diversity.

Knowledge element complementarity refers to the fact that two knowledge elements
have differences and connections and can increase the marginal return of knowledge after
combining. Complementarity is manifested in the ability to generate new knowledge
through the combination of knowledge elements. When two knowledge elements are com-
bined, they are considered to be complementary if their value or use increases [42]. In the
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innovation ecosystem, innovation actors overcome the limitations of knowledge resources
through open innovation and co-evolution to achieve value co-creation, which is actually
knowledge integration and exchange [43]. When knowledge element complementarity in-
creases from low to medium levels, companies have considerably more effective knowledge
combination options in their knowledge base, and large-scale knowledge combinations are
beneficial for enhancing the value of technology and knowledge [44]. High-quality new
knowledge brought by knowledge element complementarity enables companies to have
additional unique insights into the knowledge within their field and immediately absorb
and understand external knowledge from similar fields of partners, thereby promoting the
integration and exchange of knowledge between companies and partners [27]. Therefore,
when companies cooperate with partners, value co-creation is also promoted as knowledge
element complementarity gradually increases. However, value generation is closely related
to the difficulty of generating new knowledge [33] (Dibiaggio et al., 2014). If companies’
knowledge element complementarity is substantially high, then they are markedly focused
on knowledge in certain related or similar technology fields. Moreover, the path of us-
ing knowledge elements is relatively fixed, with limited scope and space for combining
knowledge elements. At this point, companies lack experience in dealing with other fields
of knowledge elements owned by partners, which increases the difficulty of knowledge
interaction between all parties, thereby leading to increased uncertainty in cooperation
and even hindering value co-creation [45,46] (Duysters & Lokshin, 2011; He er al, 2023).
Therefore, we propose the following hypothesis on the basis of the preceding analysis:

Hla. Knowledge element complementarity has an inverted U-shaped impact on value co-creation.

Knowledge element substitutability refers to the fact that different knowledge ele-
ments have similar functional attributes, manifested in the degree of similarity in the way
that different knowledge elements are combined with other knowledge elements, thereby
reflecting the partial overlap of knowledge resources [33,41]. In using knowledge elements,
considerably high substitutability of knowledge elements will bring functional redundancy
to enterprises, and numerous combined knowledge elements with similar functions will
narrow the choice scope of enterprise innovation directions [47]. In addition, knowledge
element substitutability relatively reflects the extent of enterprises” limitations in the field of
knowledge. The higher the knowledge element substitutability, the more likely enterprises
will focus on certain specific knowledge or technology fields, leading to technological
lock-in [48] and also causing cognitive inertia in enterprises and R&D personnel [49]. Thus,
this situation brings obstacles to value co-creation. Moreover, knowledge element substi-
tutability leads to functional similarity of knowledge elements in enterprises’ knowledge
bases, causing numerous resources owned by enterprises and partners in the innovation
ecosystem to be allocated to knowledge elements with similar attributes. Numerous substi-
tutable knowledge elements occupy limited resources, resulting in enterprises and partners
bearing the cost of knowledge diversification without corresponding benefits [27], thereby
hindering value co-creation. Hence, we propose the following hypothesis on the basis of
the preceding analysis:

H1b. Knowledge element substitutability has a negative impact on value co-creation.

The existing literature has indicated that excessive diversity in the knowledge elements
of enterprises may lead to insufficient depth of knowledge in specific fields, affecting the
accuracy of information acquisition and provision [50]. Unlike the diversity of enterprise
knowledge elements, the diversity of the knowledge portfolio reflects the diversity of
relationships between knowledge elements in generating new knowledge in enterprises [41].
This case is manifested in the size of the technical field involved in the absorption and
utilization of knowledge elements to form new knowledge by enterprises [33]. Innovation
ecosystems can achieve value co-creation through creating collaborative networks and
collaborating with partners [13]. However, enterprises, in most cases, have difficulty
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directly translating external knowledge provided by partners in the innovation ecosystem
into tangible value, requiring the absorption and utilization of this external knowledge
based on internal knowledge [51]. When the diversity of companies” knowledge portfolio
is low, its focus on technical fields is relatively narrow. In this case, companies need to exert
additional effort and high costs to search for opportunities to combine knowledge elements
with partners in the system [52]. Evidently, this situation is not conducive to smooth value
co-creation. When the diversity of companies’ knowledge portfolio is high, it represents
their specialized understanding of knowledge in multiple fields [53], and they have a strong
motivation to learn from the knowledge brought by partners in the innovation ecosystem.
In addition, an increase in diversity in the knowledge portfolio can reduce the logical
barriers between R&D personnel, resulting in companies and partners in the innovation
ecosystem easily avoiding conflicts in the direction of knowledge combination [37]. This
situation helps companies immediately absorb external knowledge and combine it into
new knowledge that can be utilized when facing external knowledge input. Hence, value
co-creation with partners is jointly promoted. Accordingly, we propose the following
hypothesis on the basis of the preceding analysis:

Hic. Diversity of knowledge combinations has a positive impact on value co-creation.

3.2. Mediating Effect of Knowledge Synergy

Knowledge synergy refers to the collaboration of participating parties in an inno-
vation ecosystem to acquire, absorb, integrate, and utilize knowledge resources, which
can improve the efficiency of knowledge resource allocation and make the overall benefit
greater than the sum of the benefits of each independent component [10]. Knowledge
synergy is an important way for enterprises and their partners in the innovation ecosystem
to enhance their innovation capabilities and improve their innovation level [54]. Effective
knowledge synergy can help enterprises acquire and absorb knowledge that matches their
own professional fields from their partners in the innovation ecosystem [37], help enter-
prises integrate internal and external knowledge resources, and promote value co-creation
in the innovation ecosystem [26]. In using knowledge elements to promote knowledge
exchange and sharing in the innovation ecosystem, enterprises can achieve additional
cognitive “common ground” through knowledge synergy [55], facilitate the formation
of common goals or visions among partners, form a consistent innovation direction, and
effectively promote value co-creation [8,56]. On the basis of the preceding analysis, this
study proposes the following hypothesis:

H2a. Knowledge synergy has a positive impact on value co-creation.

The generation of knowledge demand by participating enterprises in the innovation
ecosystem is a prerequisite for achieving knowledge synergy in the ecosystem. Knowledge
synergy begins when the external knowledge flow of enterprises coincides with their inter-
nal knowledge demand [57]. A nonlinear relationship exists between the complementarity
of knowledge elements and knowledge synergy in the innovation ecosystem. A low com-
plementarity of enterprise knowledge elements indicates that the effective utilization rate of
knowledge elements in their knowledge base is low [33], reflecting a lack of understanding
of knowledge in their field and difficulty in identifying knowledge needs [58]. When faced
with the inflow of knowledge from partners, enterprises also have difficulty effectively
utilizing this knowledge to form synergies. As the complementarity of knowledge elements
increases, the distribution of enterprise knowledge elements begins to show a centralized
trend, resulting in knowledge demand in certain fields. At this point, enterprises have
considerably high potential for collaboration. When enterprises are faced with external
knowledge from partners, the former can promote the cross-fertilization of different knowl-
edge elements and effectively promote knowledge synergy [34]. However, this upward
trend reaches a certain point and then undergoes dynamic changes. High-level comple-
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mentarity of knowledge elements means that the connectivity of enterprise knowledge
networks is high [59], reflecting the directionality of enterprise knowledge acquisition [60].
This situation makes enterprises markedly “choosy” about acquiring external knowledge.
When the external knowledge of partners in the innovation ecosystem cannot coincide with
the direction of enterprise knowledge acquisition, the internal knowledge demand and
external knowledge flow of enterprises cannot coincide, possibly inhibiting knowledge
synergy [59]. On this basis, we propose the following hypothesis:

H2b. The complementarity of knowledge elements has an inverted U-shaped impact on knowledge
synergy.

The increase in the substitution level of knowledge elements is manifested in the
increase in the number of functionally similar knowledge elements [33], which may have
a negative impact on knowledge synergy between enterprises and their partners. On
the one hand, the generation of synergistic effects requires smooth knowledge exchange
between cooperating parties, and knowledge exchange in the innovation ecosystem requires
cognitive proximity, helping the parties to understand and absorb each other’s knowledge
and facilitating communication in the innovation ecosystem and promoting knowledge
synergy [61]. However, the higher the level of substitution of knowledge elements, the
easier it is for enterprises to focus on certain specific knowledge areas. This case leads to
cognitive distance from other areas of knowledge brought by partners in the innovation
ecosystem. The emergence of cognitive distance can result in difficulty for all parties to
understand each other, resulting in a lack of common language, limiting smooth knowledge
exchange in the innovation ecosystem, and hindering knowledge synergy [62]. In addition,
the substitution of knowledge elements leads to a markedly narrow knowledge domain for
enterprises, possibly resulting in difficulty for enterprises to identify external knowledge in
other areas of the innovation ecosystem brought by partners, which also brings additional
coordination and integration costs to knowledge synergy [63]. On the other hand, high
levels of substitution of knowledge elements lead to difficulty for enterprises to utilize their
large knowledge base, which can easily create a false impression of “rich resources” for
them enterprises, leading them to be blindly optimistic and believe that value creation no
longer requires the intervention of other parties in the innovation ecosystem [27]. This
outcome is not conducive to generating knowledge synergy through interaction with
external, non-substitutable knowledge elements. In addition, the substitution of knowledge
elements reflects the functional redundancy of enterprise knowledge elements rather than
the depth of exploration of a vertical field of knowledge [34]. Even if enterprises face cutting-
edge knowledge from partners belonging to their own field, R&D personnel will still have
difficulty directly applying such knowledge owing to its obscurity, abstractness, and
difficulty in understanding, which is not conducive to generating knowledge synergy [64].
Therefore, we propose the following hypothesis on the basis of the preceding analysis:

H2c. The substitution of knowledge elements has a significant negative impact on knowledge
synergy.

In the innovation ecosystem, the diversity of participating enterprises” knowledge
portfolios can effectively promote knowledge synergy. With an increase in the diversity
of knowledge portfolios, an increasing number of successful knowledge combinations are
generated, indicating that enterprises have experienced acquiring, understanding, and
absorbing numerous knowledge elements, reflecting the excellent absorptive capacity of
enterprises for knowledge elements [65]. The absorptive capacity perspective indicates that
the existing knowledge accumulation of enterprises affects the recognition, absorption, and
integration of external knowledge [66]. That is, the ability of enterprises to understand their
own knowledge elements enables them to effectively utilize existing knowledge elements
and also externally inflowing knowledge elements, which provides a platform for smooth
communication and effective interaction between the main players in the innovation
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ecosystem. Therefore, when faced with new knowledge from partners, the diversity of the
knowledge portfolio increases the number and variety of potential knowledge combinations
formed between enterprises and partners, enabling enterprises to effectively transfer and
integrate different knowledge and generate synergies [28]. Moreover, high-level knowledge
portfolio diversity enables enterprises to have certain predictive capabilities for knowledge
elements and their interrelationships. When faced with external knowledge interactions
with partners in the innovation ecosystem, they can choose minimally inefficient knowledge
combinations and reduce search costs in knowledge synergy [33], thereby promoting such
a synergy. Accordingly, we propose the following hypothesis on the basis of the preceding
analysis:

H2d. The diversity of knowledge combinations has a significant positive impact on knowledge
synergy.

The innovation ecosystem is considered an innovation network, with collaborative
innovation between participating entities as the main connection [9]. Value co-creation
in the innovation ecosystem, as a collaborative integration mechanism, mainly manifests
as collaborative interactions between entities based on knowledge resources, namely,
knowledge synergy [67]. Knowledge synergy aims to create value and is an effective way
for participating companies with different knowledge base characteristics to optimize and
integrate knowledge resources [68]. Only when there is a synergistic effect between existing
knowledge and acquired knowledge can value co-creation be effectively promoted [55].
When companies have different knowledge element relationships, their needs for external
knowledge are also different, which will have differential effects on knowledge synergy and
have varying impacts on value co-creation. Therefore, knowledge synergy is an important
mediating mechanism between the knowledge base relationships of enterprises and the
value co-creation of innovation ecosystems. Accordingly, the following hypothesis is
proposed on the basis of the preceding analysis.

H2. Knowledge synergy has a significant mediating effect between the knowledge element relation-
ship and value co-creation.

3.3. Moderating Effect of Innovation Ecosystem Standardization

The development of an innovative ecosystem is a process of entropy reduction, and
the development from disorder to order gradually brings the system to a state of nor-
malization [69]. The normalization of the innovative ecosystem refers to the degree of
standardization of activities and operations in the innovative ecosystem, reflecting the
cooperative environment in the innovative ecosystem, which is reflected through formal
rules, information, coordination mechanisms, consensus, and certification systems formed
within this ecosystem [69,70]. The agreed-upon set formed by participating parties in
long-term cooperation contributes to the emergence of the normalization of the innova-
tive ecosystem, and this normalization can guide the behavior and value proposition of
participating parties in the activities of such an ecosystem [71].

High-level innovation ecosystem normativity can promote the formation of additional
complete regulatory systems and collaboration mechanisms among participating entities,
enhance trust among participating entities through effectively suppressing opportunistic
behavior, promote knowledge interaction between them, and reduce knowledge exchange
barriers [69]. Smooth knowledge exchange within the innovation ecosystem can help com-
panies and partners to markedly understand each other’s knowledge information. As the
complementarity of knowledge elements changes from low to high, corporate knowledge
needs become more directional, forming a stronger synergistic effect. Therefore, innovation
ecosystem normativity can enhance the positive relationship between knowledge element
complementarity and the left side of the inverted U-shaped curve of knowledge synergy,
making the curve rise steeply. In addition, high-level innovation ecosystem normativity can
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promote the formation of mutually dependent, adaptive, and self-organized coordination
systems among participating entities [72]. This situation leads to considerable consensus
on knowledge utilization and increases the matching of knowledge elements between
them [24]. Moreover, this case can alleviate the inhibitory effect on knowledge synergy
owing to reduced knowledge element matching during the transition from medium to
high levels of knowledge element complementarity. Therefore, high levels of innovation
ecosystem normativity can alleviate the negative relationship between knowledge element
complementarity and the right side of the inverted U-shaped curve of knowledge synergy.
On this basis, we propose the following hypothesis:

H3a. Innovation ecosystem norm has a significant moderating effect on the inverted U-shaped
relationship between knowledge element complementarity and knowledge synergy.

On the one hand, improvements in the normativity of the innovation ecosystem
can usually enable good interactions between participating entities in formal or informal
contractual forms. Long-term positive interactions can promote the formation of similar
cognitive foundations among participating entities, thereby facilitating knowledge and
information interaction between them and reducing their cognitive distance [69]. Given that
the substitution of knowledge elements inhibits knowledge synergy by creating cognitive
distance between enterprises and partners [62], high-level innovation ecosystem norma-
tivity can alleviate the negative impact of knowledge element substitution on knowledge
synergy in this process. On the other hand, high-level innovation ecosystem normativity
can usually enable the formation of sound coordination and information transmission
mechanisms within the system, helping enterprises to discover heterogeneous knowledge
in other fields that can promote their own development [73], making enterprises have
knowledge needs. Enterprises can utilize this heterogeneous knowledge through obser-
vation, imitation, or purchase. The increase in the substitution of knowledge elements
has led to a gradual narrowing of enterprises” knowledge domain, resulting in their dif-
ficulty identifying the knowledge of partners in other fields and inhibiting knowledge
synergy [63]. In this process, innovation ecosystem normativity can effectively alleviate
the adaptation problem in the knowledge domain. In summary, high-level innovation
ecosystem normativity can weaken the negative relationship between knowledge element
substitution and knowledge synergy. Therefore, we propose the following hypothesis:

H3b. Innovation ecosystem normativity has a significant moderating effect on the negative
relationship between the substitutability of knowledge elements and knowledge synergy.

By gradually increasing the diversity of knowledge combinations, knowledge synergy
is promoted by enhancing the ability of enterprises to absorb and understand partner
knowledge [28]. The normative nature of the innovation ecosystem can enhance the ability
of enterprises to absorb and understand partner knowledge in this process by improving
the exchange and utilization efficiency of knowledge resources in the innovation ecosys-
tem. This case plays a promoting role in the relationship between knowledge combination
diversity and knowledge synergy. First, high-level innovation ecosystem normativity can
promote the formation of a common understanding among the entire innovation ecosystem.
Such an understanding provides a foundation for knowledge learning and interaction
between subjects, improves the mutual understanding and interpretation of knowledge
among subjects, and enhances the absorption and utilization efficiency of knowledge re-
sources between them [24]. Second, with the improvement in the normativity level of the
innovation ecosystem, sound formal rules and regulations can enhance the transparency of
the innovation ecosystem, reduce obstacles to information exchange between participating
subjects, promote knowledge resource interaction, and enhance enterprises” understanding
and absorption of partner knowledge. Therefore, high-level innovation ecosystem norma-
tivity can enhance the positive relationship between knowledge combination diversity and
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knowledge synergy. Accordingly, we propose the following hypothesis on the basis of the
preceding analysis:

H3c. Innovation ecosystem normativity has a significant moderating effect on the positive relation-
ship between knowledge portfolio diversity and knowledge synergy.

Knowledge synergy promotes value co-creation by promoting the integration of
knowledge resources and forming a common understanding through the promotion of
knowledge resource integration. This process is influenced by the normativity of the inno-
vation ecosystem. On the one hand, low levels of innovation ecosystem normativity reflect
weak institutional environments in the system, possibly leading to communication barriers
and a lack of trust among actors, and even opportunistic behaviors (e.g., free-riding) [74].
These aspects are not conducive to the healthy flow and effective integration of knowledge
resources and may relatively inhibit the positive impact of knowledge synergy on value
co-creation. High levels of innovation ecosystem normativity can provide participating
actors with a good cooperation environment, reduce communication barriers between ac-
tors, alleviate moral hazards [13], improve the efficiency of knowledge resource allocation,
and promote the process from knowledge synergy to value co-creation. On the other hand,
innovation ecosystem normativity is the result of long-term cooperation and interaction
among system actors. High levels of innovation ecosystem normativity reflect consensus
among partners in terms of product, management, and operation, which can promote
the formation of a unified cognitive foundation between enterprises and their partners
in the system [56]. The diversity of roles played by participating actors in the system has
resulted in differences in their understanding of value. Low levels of innovation ecosystem
normativity are not conducive to the formation of a common understanding, which is
not conducive to enterprises and actors in the system transforming intangible knowledge
formed through collaboration into tangible value outputs. High levels of innovation ecosys-
tem normativity can further promote enterprises to form a unified cognitive foundation
with partners through knowledge synergy, deepen the common understanding of value
among actors, enable actors to form a consistent innovation direction, and promote actors
to gradually move from knowledge synergy to value co-creation. Hence, we propose the
following hypothesis on the basis of the preceding analysis:

H3d. Innovation ecosystem normativity has a significant moderating effect on the positive relation-
ship between knowledge synergy and value co-creation.

In summary, this research further infers that the mediating role of knowledge-based
relationships in influencing value co-creation through knowledge synergy is also moderated
by the normativity of the innovation ecosystem. This aspect suggests the existence of a
moderated mediating model.

First, as the complementarity of knowledge elements increases from low to medium
levels, companies form knowledge synergies with partners through increasing knowledge
demand and knowledge resources [34]. This result improves the integration efficiency
of internal and external knowledge resources and promotes value co-creation [75]. The
normativity of the innovation ecosystem can reduce the risks in this process, improve
trust between participating parties, and promote the efficiency of knowledge resource
allocation [13]. When the complementarity of knowledge elements increases from medium
to high levels, the normativity of the innovation ecosystem can reduce communication
barriers between parties and alleviate moral hazards [12], promote knowledge exchange
between companies and partners, and form considerable consensus on knowledge utiliza-
tion [24]. This outcome alleviates the narrowness of knowledge acquisition caused by a
substantially high complementarity of knowledge elements, thereby leading to reduced
knowledge synergy and inhibiting value co-creation. Accordingly, the following hypothesis
is proposed:
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H4a. Innovation ecosystem normativity has a significant moderating effect on the mediating effect
of knowledge synergy between knowledge element complementarity and value co-creation.

Second, improvement in the substitution level of knowledge elements leads to the
gradual narrowing of the knowledge field of enterprises and cognitive distance with
partners, thereby hindering knowledge synergy, which is not conducive to the integration
of knowledge resources and hinders value co-creation [62]. However, high-level innovation
ecosystem norms indicate that participating parties have gradually formed a common
cognitive foundation through long-term interactions, which is conducive to reducing
information exchange barriers between participating parties and can relatively reduce
cognitive distance and promote the integration of knowledge resources [71]. Accordingly,
the following hypothesis is proposed:

H4b. Innovation ecosystem normativity has a significant moderating effect on the mediating effect
of knowledge synergy between knowledge element substitution and value co-creation.

Lastly, with the increase in the diversity of knowledge combinations, enterprises can
promote knowledge synergy by enhancing their ability to absorb and understand partner
knowledge, thereby producing knowledge outcomes and realizing value co-creation [28].
In this process, high-level innovation ecosystem norms can reduce information exchange
barriers between participating parties, enhance enterprises’ ability to absorb and under-
stand partner knowledge resources [69], and promote the positive interaction and effective
integration of knowledge resources. Therefore, we propose the following hypothesis:

H4c. Innovation ecosystem normativity has a significant moderating effect on the mediating effect
of knowledge synergy between knowledge portfolio diversity and value co-creation.

The research model is shown in Figure 1.

innovation
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4 knowledge synergy A

knowledge
element
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Figure 1. Research model.
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4. Methodology
4.1. Sample Selection and Data Collection

This study conducted a questionnaire survey from July to December 2023, target-
ing high-tech enterprises with high innovation activity. We invited middle and senior
managers who understand enterprise strategy and knowledge management to fill out the
questionnaire based on the actual situations of the enterprises in the past three years. The
questionnaire was mainly distributed in Guangzhou, Hangzhou, Wuhan, Dongguan, and
Shenzhen according to the social network of the research team and the current situation of
regional development. To ensure the authenticity and validity of the information provided
by the respondents, we explained to the respondents the content of the questionnaire and
the purpose of the survey when distributing the questionnaire. Moreover, we promised
that the survey data would only be used for academic research, ensuring that their personal
information would be kept confidential. A pre-research questionnaire was distributed in
July 2023 to students working in high-tech enterprises and serving as middle and senior
managers in MBA classes. A total of 69 questionnaires were distributed, and 58 were
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recovered. On the basis of the analysis results and feedback, the unclear and not easily
understood contents of the questionnaire items were revised to form a final questionnaire.
The formal questionnaire was distributed by combining on-site distribution with an on-
line survey. A total of 648 questionnaires were distributed for the formal survey, and
513 were recovered. To ensure data authenticity, non-high-tech enterprise questionnaires,
questionnaires filled out by grassroots employees, questionnaires with considerably short
answer times, incomplete and clearly regular questionnaires, and overall contradictory
questionnaires were excluded. A total of 86 invalid questionnaires were removed, and
427 valid questionnaires were obtained (valid questionnaire recovery rate of 65.895%). The
basic situation of the sample is shown in Table 1.

Table 1. Statistics results for sample attributes.

Variables Categories No. Proportion (%)
Firm size 100 or below 54 12.646
101-500 102 23.888
501-1000 68 15.925
1001-2000 21 4918
2001 and above 182 42.623
Firm age Below 5 years 36 8.431
5-10 years 150 35.129
11-15 years 41 9.602
1620 years 51 11.944
21 years and above 149 34.895
Firm ownership Private 224 52.459
Non-private 203 47.541

4.2. Measurement

The scales for measuring each variable draw on existing research results, with minor
adjustments based on the research context. A Likert 7-point scale is used for measurement,
with 1 representing “completely inconsistent” and 7 representing “completely consistent.”
Referring to Ryoo and Kim’s [42] scale for measuring knowledge complementarity, three
items were selected for measuring the complementarity of knowledge elements. Refer-
ring to Colombelli et al. [41] and Dibiaggio [33] for research content and measurement
dimensions of knowledge element substitution and knowledge combination diversity, three
items were used to measure knowledge element substitution and knowledge combina-
tion diversity, respectively. Referring to the Sanders [56] scale for measuring knowledge
synergy, three items were selected for measuring knowledge synergy. Referring to the
Pera et al. [69] scale for measuring ecosystem normative mechanisms, four items were
used to measure innovation ecosystem normativity. Referring to the Pera et al. [69] scale
for measuring value co-creation, four items were used to measure value co-creation. To
ensure the rationality and feasibility of the questionnaire design, the content of the variable
items was checked before the formal survey. The English scale was adjusted by different
researchers using back-translation. All questionnaire items were revised and refined to
form an initial questionnaire. Thereafter, a final questionnaire was formed based on expert
advice and pre-research. First, two experts in the field of innovation were invited to identify
unclear and irrelevant items, modify and improve them, and adjust the order of items
based on expert advice. The measurement items for the variables are shown in Table 2.
To exclude the interference of other factors on the research results, firm size (FS), firm age
(FA), and firm nature (FO) were selected as control variables through summarizing the
existing research. FS is measured by dividing the number of existing employees into five
levels, with a value of 1 for 100 or below employees, 2 for 101 to 500 employees, 3 for 501
to 1000 employees, 4 for 1001 to 2000 employees, and 5 for 2001 or over employees. FA
is measured by dividing the number of years from the date of registration to the date of
formal research into five levels, with a value of 1 for below 5 years, 2 for 5 to 10 years, 3
for 11 to 15 years, 4 for 16 to 20 years, and 5 for over 21 years. FO is an ordinal variable
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using a dummy variable, with values of 0 and 1 for private and non-private enterprises,
respectively.

Table 2. Measuring items of variables and test results for reliability and validity.

Variables Items Factor Loadings o4 AVE CR
Knowledge of enterprise raw material procurement can
0.923
be used for new product development.
Knowledge element . . .
. Knowledge of enterprise production planning can be
complementarity used for new product development. 0.877 0.863  0.739  0.918
(Kec)
Knowledge of enterprise professional technology can be
0.842
used for new product development.
Professional backgrounds of R&D experts in enterprises 0.901
are very similar. ’
Knowl.edg.e element Enterprise has accumulated a large amount of 0.886 0.890 0.735 0.876
substitution (Kes) knowledge in the same field.
Categories of enterprise technology patents are
. 0.794
relatively concentrated.
Professional technology developed by enterprises 0.899
includes knowledge from multiple disciplines. ’
Knowledge element . . :
combination Enterprises can approprilately combine the knowledge 0.751 0.806 0.673 0.842
. they have acquired into more new knowledge.
diversity (Kpd)
Enterprises can provide a variety of products 0.767
or services. ’
Frequency of knowledge flow between enterprises and 0.904
partners increases. ’
Knowledge synergy Exchange of 1mp11c1’§ or core technologies between 0.895 0915 0728 0906
(KS) enterprises and partners.
Improved efficiency of knowledge sharing between 0.876
enterprises and partners. ’
Enterprise is located in an innovative ecosystem with 0.922
relatively sound formal rules. ’
) Innovation ecosystem where the enterprise is located 0871
Innovation has a good information and coordination mechanism. ’
ecosystem

Members of the innovation ecosystem where the
enterprise is located have a consensus on products, 0.907 0925 0.780  0.931
technology, operations, and management.

normativity (Ien)

Innovation ecosystem in which the enterprise is located

has a commonly recognized certification system. 0-857
Enterprises can cooperate with partners to complete 0.896
new product design. ’
Enterprises can cooperate with partners to complete 0.827 0.940 0.707 0.911
Value co-creation new product development.
(VO) Cooperation between enterprises and partners can 0.833
improve the operation process. ’
Cooperation between enterprises and partners can 0.798

optimize strategic planning.

4.3. Reliability and Validity

This article uses confirmatory factor analysis to conduct reliability testing through
internal consistency coefficients. The results are shown in Table 2. The alpha coefficients for
each variable are above 0.700, indicating good reliability of the scale. All factor loadings for
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each item are above 0.700, CR values are above 0.800, and the AVE values are over 0.600,
indicating good convergent validity of the scale. The test results for discriminant validity
indicate that the square root of the AVE value is greater than the correlation coefficient
value of the row and column in which it is located. These results indicate that the variable
has good discriminant validity.

4.4. Common Method Bias

This research adopts such measures as anonymous measurement and partial reverse
questions to control common method bias procedurally and uses the Harman single factor
test to test for common method bias. Unrotated exploratory factor analysis extracts six
factors with eigenvalues over 1. The maximum factor variance explains 31.946%, which is
below 40%, indicating no significant common method bias.

5. Empirical Results
5.1. Descriptive and Correlation

This study uses SPSS 28.0 to conduct regression analysis to test the research hypothe-
ses. The correlation between variables was tested before analyzing the relationship between
variables. The results are shown in Table 3. Note that there is a certain correlation be-
tween variables, but all correlation coefficients are below 0.700, and there is no significant
multicollinearity problem. In particular, the substitutability of knowledge elements is
significantly negatively correlated with value co-creation, and the diversity of knowledge
combinations is significantly positively correlated with value co-creation. Hence, H1b and
Hlc are preliminarily verified. Knowledge synergy is significantly positively correlated
with value co-creation. Therefore, H2a is preliminarily verified. The substitutability of
knowledge elements is significantly negatively correlated with knowledge synergy, and the
diversity of knowledge combinations is significantly positively correlated with knowledge
synergy. Thus, H2c and H2d are preliminarily verified. The results lay a foundation for
further testing of the hypotheses.

Table 3. Results for the descriptive statistics and correlation coefficients.

Variables Kec Kes Kpd KS Ien vc ES FA FO

Kec 0.860

Kes —0.046 0.857

Kpd 0.079 —0.386 *** 0.820

KS 0.114 —0.363 ***  0.365 *** 0.853

Ien —0.098 —0.384 ***  (.293 *** 0.077 0.883

vC 0.056 —0.427 ***  0.458 *** 0.513 *** 0.513 *** 0.841

FS 0.125 0.084 0.175* 0.046 —0.117 0.056

FA —0.133 —0.109 0.172 ** 0.123 0.132 0.087 0.169 *

FO 0.071 0.267 *** —0.270 *** —0.149 —0.328 ***  —(.251 *** 0.067 —0.032

mean 3.522 3.718 4.343 4417 4.738 4.469 3.462 3.197 0.603

S.D. 1.336 1.437 1.310 1.424 1.609 1.568 1.577 1.583 0.400
Note: n = 427; *** p < 0.001, ** p < 0.010, * p < 0.050; data set in boldface on the diagonal line is the square root
of AVE.

5.2. Hypothesis Testing

By using hierarchical regression analysis, control variables, main variables, and in-
teraction terms were added to the model to test the research hypotheses. To reduce the
impact of multicollinearity, variables involving square and interaction terms were centered.
The VIF values of all regression coefficients were below 10, indicating no multicollinearity
between the variables.

(1) Main Effect Test

Table 4 presents the regression results of testing the main effects. Model 1 is the basic
model, which only examines the impact of control variables on value co-creation. On the
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basis of Model 1, Model 2 introduces the first term of knowledge element complementarity.
The results show that the regression coefficient of the first term of knowledge element
complementarity is not significant, indicating the need for further exploration of possible
nonlinear relationships. Model 3 introduces the square term of knowledge element comple-
mentarity on the basis of Model 2. The results show that the regression coefficient of the first
term of knowledge element complementarity is significantly positive (8 = 0.297, p < 0.001).
The regression coefficient of the square term of knowledge element complementarity is
significantly negative (8 = —0.585, p < 0.001). The signs of the coefficients of the first
and second terms are opposite, indicating an inverted U-shaped relationship between
knowledge element complementarity and value co-creation. Hence, Hla is verified. Model
4 introduces knowledge element substitution on the basis of Model 1. The results show
that knowledge element substitution has a significant negative impact on value co-creation
(B = —0.413, p < 0.001). Thus, H1b is verified. Model 5 introduces knowledge combina-
tion diversity on the basis of Model 1, and the results show that knowledge combination
diversity has a significant positive impact on value co-creation (8 = 0.404, p < 0.001).
Accordingly, Hlc is verified.

Table 4. Regression results of the main effects.

Variables Model 1 Model 2 Model 3 Model 4 Model 5
Kec 0.088 0.297 ***
Kec? —0.585 ***
Kes —0.413 ***
Kpd 0.404 ***
ES 0.054 0.032 0.022 0.065 —0.028
FA 0.095 0.109 0.026 0.043 0.025
FO —0.258 *** —0.261 *** —0.137 ** —0.149 * —0.136 *
VIFmax 1.117 1.096 1.214 1.096 1.154
F 6.138 ** 5.469 ** 29.487 *** 18.696 *** 16.928 ***
Adj R? 0.058 0.069 0.382 0.238 0.217

***p <0.001, ** p <0.010, * p < 0.050.

(2) Mediating Effect Test

Table 5 presents the test results of the mediation effects. On the basis of Model 1,
Model 6 introduces knowledge synergy, and the results show that knowledge synergy has
a significant positive impact on value co-creation (8 = 0.472, p < 0.001). Therefore, H2a is
verified. Model 10 examines the impact of control variables on knowledge synergy. On the
basis of Model 10, Model 11 introduces the first term of knowledge element complementar-
ity. The results show that the regression coefficient of the first term of knowledge element
complementarity is not significant (3 = 0.119, ns), which requires further exploration
of possible nonlinear relationships. Model 12 introduces the square term of knowledge
element complementarity based on Model 11. The results show that the regression coef-
ficient of the first term of knowledge element complementarity is significantly positive
(B =0.264, p < 0.001). The regression coefficient of the square term of knowledge element
complementarity is significantly negative (8 = —0.431, p < 0.0011). The signs of the
coefficients of the first and second terms are opposite, indicating an inverted U-shaped
relationship between knowledge element complementarity and knowledge synergy. Hence,
H2b is verified. Model 13 introduces knowledge element substitution based on Model
10. The results show that knowledge element substitution has a significant negative im-
pact on knowledge synergy (B = —0.357, p < 0.001). Hence, H2c is verified. Model
14 introduces knowledge combination diversity based on Model 10. The results show that
knowledge combination diversity has a significant positive impact on knowledge synergy
(B = 0.355, p < 0.001). Therefore, H2d is verified.
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Table 5. Regression results of the mediating effects.

vC KS
Variables
Model 6 Model 7 Model 8 Model 9 Model 10 Model11 Model12 Model13 Model 14
Kec 0.217 *** 0.119 0.264 ***
Kec? —0.475 *** —0.431 ***
Kes —0.306 *** —0.357 ***
Kpd 0.286 *** 0.355 ***
KS 0.472 *** 0.284 *** 0.377 *** 0.395 ***
FS 0.041 0.022 0.056 —0.017 0.026 0.015 —0.011 0.051 —0.043
FA 0.042 —0.018 0.010 0.005 0.108 0.146 * 0.063 0.068 0.062
FO —0.192 ** 0.146 *** —0.141 ** —0.139 * —-0.118 —0.148 * —0.074 —0.056 —0.042
VIFmax 1.129 1.427 1.274 1.293 1.137 1.089 1.207 1.115 1.126
F 24557 *** 33981 *** 27131 **  26.393 *** 2.973 3.557 * 12.690 ***  10.128 *** 9.834 ***
Adj R? 0.285 0.436 0.358 0.334 0.015 0.032 0.128 0.122 0.117

***p <0.001, ** p <0.010, * p < 0.050.

Model 7 introduces the linear and quadratic terms of complementary knowledge
elements on the basis of Model 6; Model 8 introduces knowledge element substitution on
the basis of Model 6; and Model 9 introduces knowledge combination diversity on the
basis of Model 6 to test the mediating role of knowledge synergy. The test results show
that after adding knowledge synergy, compared with Model 3 in Table 4, the regression
coefficient of complementary knowledge elements in a one-time manner changes from
0.297 to 0.217, and the regression coefficient of its square term changes from —0.585 to
—0.475. However, the significance level remains unchanged, indicating that knowledge
synergy plays a partial mediating role in the relationship between complementary knowl-
edge elements and value co-creation. The regression coefficient of knowledge element
substitution changes from —0.413 to —0.306 in Table 4, and the significance level remains
unchanged. This result indicates that knowledge synergy plays a partial mediating role
in the relationship between knowledge element substitution and value co-creation. The
regression coefficient of knowledge combination diversity changes from 0.404 to 0.286 in
Table 4, and the significance level remains unchanged. This result indicates that knowledge
synergy plays a partial mediating role in the relationship between knowledge combination
diversity and value co-creation. Hence, H2 is verified.

(3) Moderating Effect Test

Table 6 presents the test results of the moderating effect. Model 15 introduces the
first and second terms of the complementarity of knowledge elements and the interaction
term between the complementarity of knowledge elements and the normative nature
of the innovation ecosystem based on Model 3 in Table 4. The results show that the
interaction term between the second term of the complementarity of knowledge elements
and the normative nature of the innovation ecosystem has a significant positive regression
coefficient (8 = 0.044, p < 0.050). This outcome indicates that the normative nature of
the innovation ecosystem has a significant moderating effect on the inverted U-shaped
relationship between the complementarity of knowledge elements and knowledge synergy.
Thus, H3a is preliminarily verified. Model 16 introduces the interaction term between
the normative nature of the innovation ecosystem and the substitutability of knowledge
elements based on Model 4 in Table 4. The results show that the interaction term has
a significant positive regression coefficient (8 = 0.175, p < 0.050), indicating that the
normative nature of the innovation ecosystem has a significant moderating effect on the
negative relationship between the substitutability of knowledge elements and knowledge
synergy. Therefore, H3b is preliminarily verified.
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Table 6. Regression results of the moderating effects.

KS vC
Variables Model 15 Model 16 Model 17 Model 18
Kec 0.313 ***
Kec? —0.437 ***
Kes —0.376 ***
Kpd 0.386 ***
KS 0.530 ***
Ien —0.075 —0.184 * —0.092 0.552 ***
Kecelen 0.217 **
Kec?elen 0.044 *
Keselen 0.175*
Kpdelen —0.078
KSelen 0.247 ***
FS —0.016 0.064 —0.055 0.076
FA 0.072 0.060 0.052 —0.046
FO —0.094 —0.083 —0.076 0.056
VIFmax 1.312 1.579 1.322 1.268
F 11.494 *** 8.192 *** 7.583 *** 46.108 ***
Adj R? 0.258 0.166 0.134 0.517

¥ <0.001, * p < 0.010, * p < 0.050.

Model 17 introduces an interaction term between the normativity of the innovation
ecosystem and the diversity of knowledge combinations on the basis of Model 5 in Table 4.
The results show that the regression coefficient of the interaction term is not significant
(B = —0.078, ns). Hence, H3c is not verified. The possible reason is that when enterprises
increase the diversity of knowledge combinations, they correspondingly deepen their
knowledge insights in multiple fields and enhance their ability to absorb knowledge from
partners in other fields in the innovation ecosystem. Thus, the regulatory effect of the
normativity of the innovation ecosystem is diluted through promoting common cognition.
Model 18 introduces an interaction term between the normativity of the innovation ecosys-
tem and knowledge synergy on the basis of Model 6 in Table 5. The results show that the
regression coefficient of the interaction term is significantly positive (8 = 0.247, p < 0.001),
indicating that the normativity of the innovation ecosystem positively regulates the rela-
tionship between knowledge synergy and value co-creation. Accordingly, H3d is verified.

This study further conducts a simple slope analysis and draws a graph of the mod-
erating effect, as shown in Figure 2. The moderating variable is divided into high and
low levels by the mean plus or minus one standard deviation. When the normative level
of the innovation ecosystem is high, the curves of knowledge element complementarity
and knowledge synergy change, with the steepness on the left side of the inflection point
increasing, the right side of the inflection point becoming smooth, and the inflection point
moving to the right. The slope of knowledge element substitution on knowledge synergy
becomes considerably small, and the slope of knowledge synergy on value co-creation
becomes substantially large. Therefore, H3a, H3b, and H3d are further verified.

(4) Moderated Mediating Effect Test

This research uses Process to conduct bootstrap analysis, selects model 58, and sets
a standard deviation above and below the mean as the high and low values of the mod-
erating variable to test the results. The results are shown in Table 7. Note that under the
path of complementary knowledge elements-knowledge synergy—value co-creation, when
the normative level of the innovation ecosystem is low, the 95% confidence interval is
[—0.095, 0.057], which includes 0. Moreover, the mediating effect is not significant. When
the normative level of the innovation ecosystem is medium or high, the 95% confidence
intervals are [0.073, 0.231] and [0.123, 0.567], respectively, which do not include 0. In
addition, the mediating effect is significant. Under different levels of normative innovation
ecosystems, the mediating effect of knowledge synergy changes, indicating that normative
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innovation ecosystems moderate the mediating effect of knowledge synergy. Hence, H4a is
verified. Under the path of substitutive knowledge elements—knowledge synergy—value
co-creation, when the normative level of the innovation ecosystem is low, medium, and
high, the 95% confidence intervals are [—0.294, —0.068], [-0.250, —0.135], and [—0.304,
0.028], respectively, which do not include 0. In addition, the mediating effect is significant.
When the normative level of the innovation ecosystem is high, the 95% confidence interval
is [—0.304, 0.028], which includes 0. Furthermore, the mediating effect is not significant.
Under different levels of normative innovation ecosystems, the mediating effect of knowl-
edge synergy changes, indicating that normative innovation ecosystems moderate the
mediating effect of knowledge synergy. Therefore, H4b is verified. Under the path of di-
verse knowledge combinations-knowledge synergy-value co-creation, when the normative
level of the innovation ecosystem is low [0.086, 0.302], medium [0.167, 0.294], and high
[0.048, 0.383], the 95% confidence intervals do not include 0, and the mediating effect is
significant. As the normative level of the innovation ecosystem increases, the mediating
effect of knowledge synergy changes and shows an upward trend. This result indicates
that normative innovation ecosystems moderate the mediating effect of knowledge synergy.
Thus, H4c is verified.

Table 7. Moderated mediation effects.

Effects S.E. Lower Upper
—S.D. —0.012 0.043 —0.095 0.057
Knowledge element complementarity—knowledge .
synergy—value co-creation medium 0.126 0.051 0.073 0.231
+S.D. 0.330 0.144 0.123 0.567
—-S.D. —0.181 0.036 —0.294 —0.068
Knowledge element substitution-knowledge .
synergy—value co-creation medium —0.193 0.047 —0.250 —0.135
+S.D. —0.156 0.082 —0.304 0.028
—S.D. 0.197 0.062 0.086 0.302
Knowledge element combination diversity—knowledge medium 0.208 0.058 0.167 0.294
synergy-value co-creation ’ ’ ’ )
+S.D. 0.256 0.064 0.048 0.383
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Figure 2. Moderating the effects of innovation ecosystem normativity.

6. Conclusions and Discussion
6.1. Research Conclusion

On the basis of the existing literature on the value co-creation of innovation ecosystems,
this study divides the relationship between enterprise knowledge elements into comple-
mentary knowledge elements, substituting knowledge elements, and diverse knowledge
element combinations from the perspective of the relationship dimension of enterprise
knowledge elements. Moreover, this research explores its impact on value co-creation in
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innovation ecosystems and further analyzes the mediating roles of knowledge synergy and
innovation ecosystem norms. The research results show that complementary knowledge
elements have an inverted U-shaped impact on value co-creation, substituting knowledge
elements have a significant negative impact on value co-creation, and diverse knowledge
element combinations have a significant positive impact on value co-creation. Knowledge
synergy has a positive impact on value co-creation; complementary knowledge elements
have an inverted U-shaped impact on knowledge synergy; substituting knowledge ele-
ments have a negative impact on knowledge synergy; and diverse knowledge element
combinations have a positive impact on knowledge synergy. Innovation ecosystem norms
have a two-stage moderating effect on the path from knowledge element relationships to
value co-creation. That is, they moderate the relationships between complementary and
substituting knowledge elements and knowledge synergy, and between knowledge synergy
and value co-creation. Innovation ecosystem norms also moderate the mediating role of
knowledge synergy between knowledge element relationships and value co-creation.

This study found that different types of knowledge element relationships within
enterprises have varying impacts on the value co-creation of the innovation ecosystem.
This result is consistent with the results of Grigoriou and Rothaermel [8] on the role of
internal knowledge attributes within enterprises. The belief is that the effectiveness of
cooperation between enterprises and external organizations depends on the former’s
internal knowledge base characteristics. Different knowledge element relationships lead
to differences in the technological exploration and development direction of enterprises.
The complementarity, substitution, and diversity of knowledge elements have inverted
U-shaped, negative, and positive impacts, respectively, on value co-creation. Enterprises
with a high complementarity of knowledge elements have numerous unique insights into
their fields, which can promote knowledge integration and exchange within the innovation
ecosystem. However, a significantly high-level complementarity of knowledge elements
can lead to a fixed path for enterprises to utilize these elements, limiting the scope and
space for combining them. The increase in the substitutability level of knowledge elements
brings functional redundancy to enterprises, leading to path dependence and hindering the
realization of value co-creation. The diversity of knowledge element combinations reflects
the diversity of knowledge combinations in generating new knowledge in enterprises,
representing their specialized understanding of multiple technical fields, and can help them
immediately absorb and utilize external knowledge.

This study also found the mediating role of knowledge synergy in the relationship
between knowledge elements and value co-creation, supporting Chen et al. [55]. The
collaborative mechanism can play a conductive role in transforming resources into value.
The innovation ecosystem is regarded as a collaborative innovation network based on
knowledge. Knowledge synergy between participants based on knowledge resources plays
an indispensable role in value co-creation. Knowledge synergy aims to create value. By
using knowledge elements to promote knowledge exchange and sharing, enterprises in
the innovation ecosystem can form a common understanding through knowledge synergy,
improve the integration efficiency of internal and external knowledge resources, and
optimize the integration of knowledge resources to achieve value co-creation. The gradual
improvement in complementarity of knowledge elements enables enterprises to form
knowledge synergy with partners through growing knowledge demand. Meanwhile, the
complementarity of knowledge elements increasing beyond a certain level easily causes the
narrow direction of knowledge acquisition, inhibits knowledge synergy, and has a curved
impact on value co-creation. The increase in the level of substitutability of knowledge
elements leads to the gradual narrowing of enterprises’ knowledge fields and the formation
of cognitive distance with partners. This result hinders knowledge synergy, inhibits the
integration of knowledge resources, and hinders value co-creation. The increase in the
diversity of combinations of knowledge elements is beneficial for enterprises to enhance
their ability to absorb and understand their partners” knowledge, promote the output of
knowledge achievements through knowledge synergy, and promote value co-creation.
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Furthermore, this research found a moderate effect of innovation ecosystem norma-
tivity, which is consistent with Plata et al. [12], who believed that normativity plays an
indispensable role in the operation of innovation ecosystems. The development of innova-
tion ecosystems is a process from disorder to order. That is, participating parties establish
commonly recognized systems and rules through long-term cooperation and interaction,
as well as form consensus in management, operation, and regulation. The result is the
gradual formation of innovation ecosystem normativity. Innovation ecosystem normativity
provides a good environment for realizing value co-creation through relatively complete
normative systems and collaborative mechanisms, effectively suppresses opportunistic
behavior, enhances trust among participating parties, promotes knowledge interaction
among them, reduces barriers to knowledge exchange, and is conducive to improving
the absorption and utilization efficiency of knowledge resources in value co-creation. The
smooth development of value co-creation activities depends on the support of their underly-
ing normativity. The perfect innovation ecosystem normativity provides a good foundation
for knowledge resource interaction and value co-creation, thereby improving the stability
and efficiency of cooperation among participating parties.

6.2. Theoretical Contribution

The existing literature on value co-creation in innovation ecosystems has mostly
been limited to exploring the mechanisms, models, and antecedent conditions of value
co-creation at the system level [4,9]. The current study starts with the characteristics of
participating enterprises and examines the differential effects of different knowledge ele-
ment relationships on value co-creation in innovation ecosystems. It complements previous
research on the antecedents of value co-creation at the level of participating entities and
expands the research on knowledge management in the context of innovation ecosystems.

Although the existing literature has recognized that the innovation ecosystem is a
knowledge-based multi-agent collaborative network [13], it is still unclear how knowledge
synergy plays a role in the innovation ecosystem. The current study proposes the mediat-
ing role of knowledge synergy in the value co-creation of the innovation ecosystem. The
different dimensions of knowledge element relationships have varying impacts on value
co-creation. The mediating effect of knowledge synergy explains the mechanism, opens
the “black box” between the two aspects, and reflects the characteristics of collaborative
development among participating entities in realizing value co-creation in the innova-
tion ecosystem. The current research likewise provides a theoretical perspective for the
realization path of value co-creation.

This study recognizes from existing theoretical results that the innovation ecosys-
tem focuses on the innovation of participating actors and also considers the collaborative
environment [3,14]. The interaction between internal characteristics and the external en-
vironment of enterprises in the innovation ecosystem scenario affects value co-creation.
This research introduces the normative factor of the innovation ecosystem as a situational
element and constructs and tests a two-stage moderated mediation model to explore the
situational mechanism in the relationship among knowledge elements, knowledge synergy,
and value co-creation. The current research considerably explains the indispensable role of
innovation ecosystem normativity as a collaborative environment in the entire knowledge
resource for value transformation. On the basis of innovation ecosystem characteristics,
the integration of innovation ecosystem normativity at the environmental level of the inno-
vation ecosystem with the relationship between knowledge elements at the participating
enterprise level in the same framework breaks through the existing literature’s focus on
micro or macro research perspectives. This approach is helpful to understand the impact
mechanism of value co-creation in innovation ecosystems from an integrated perspective
and provides new ideas for innovation ecosystem research.
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6.3. Managerial Implications

Enterprises in the innovation ecosystem should systematically optimize their own
knowledge systems based on their own and their partners” knowledge bases and adopt
reasonable strategies to maximize value output. Enterprises should focus on the matching
problem of their own knowledge elements and can increase the diversity of knowledge
combinations by purposefully deploying knowledge elements. Such a focus will enable
them to avoid high similarity of knowledge elements in the knowledge base and promote
synergistic effects with partners. Examples are considering the technical background of
R&D personnel, purposefully deploying R&D personnel, regularly organizing technical
training for R&D personnel, and purposefully guiding R&D personnel in their knowledge
specialization direction.

For companies with knowledge element relationships manifested in complementary
or substitutive knowledge elements, managers should consider that such partners may
not necessarily bring additional co-created value. On the one hand, companies should
conduct detailed market research on potential partners in advance, such as investigat-
ing the technological patent composition of partners, the main product categories, and
the background information of key R&D personnel. On the other hand, companies can
promote knowledge exchange among participating entities through regular participation
in innovative ecosystem knowledge exchange activities, thereby optimizing each other’s
knowledge bases.

In the context of rapid knowledge iteration and changing customer needs, the key to
realizing value co-creation and building an effective innovative ecosystem is the normative
nature of the innovative ecosystem. During the development of an innovative ecosystem,
establishing formal rules, regulations, and information coordination mechanisms, as well
as forming consensus, are essential to ensuring the smooth realization of value co-creation.
Enterprises should cooperate and promote the formation of the normative nature of the
innovative ecosystem. When necessary, they can seek cooperation from relevant depart-
ments to improve the rules and regulations related to innovative activities and form these
norms and standards into written documents with legal effect.

6.4. Limitations and Future

This article employs quantitative analysis to test hypotheses and uncover causal rela-
tionships based on questionnaire survey data. Although the scope of conclusions is limited
due to sample selection, future research can incorporate qualitative research methods such
as case analysis to delve deeper into the significance, experience, and subjective understand-
ing of the results. This study only investigated samples from Shenyang, Dalian, Beijing,
and Shanghai. Future studies can consider adding samples from different regions across
the country to conduct interregional comparative studies. This study only considers the
relationship between knowledge element relationships and value co-creation. Lastly, future
research can explore the possible interactions among knowledge element substitution,
knowledge element complementarity, and knowledge combination diversity.
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