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ABSTRACT Open innovation communities (OICs) have been expanding the scope of enterprises’ innovation
activities, and their effective functioning hinges on the ongoing knowledge contributions from users.
However, the research on the impact of contractual governance mechanisms on users’ knowledge-
contribution behaviors has yet to be further explored. In this study, we provide a comprehensive definition
of implicit contracts in OICs, clarify their dimensions, investigate their impact on users’ knowledge
contribution, and explore how users’ network positions moderate these effects. Subsequently, we employ
a questionnaire survey combined with web crawling to collect user data and empirically test the theoretical
hypotheses. The results demonstrate that both user-user implicit contracts (i.e., user reciprocity, user trust,
and user recognition) and user-community implicit contracts (i.e., community incentives, community trust,
and community support) significantly and positively affect user knowledge contribution. Furthermore, users’
structural holes exert a significant positive moderating effect on these relationships. Notably, the moderating
effect of network centrality is only significant in the influence of user-community implicit contracts, and
not significant in the relationship between user-user implicit contracts and user knowledge contribution. The
insights derived from this study offer valuable practical guidance for effectively operating and managing
OICs.

INDEX TERMS Open innovation community (OIC), implicit contract, knowledge contribution, user
behavior, network position, structural holes, network centrality.

I. INTRODUCTION
Nowadays, the traditional logic of internal-oriented, cen-
tralized, and closed innovation has become outdated across
numerous industries, giving way to the flourishing open inno-
vation model. Open innovation thrives on a consistent inflow
of valuable ideas from external sources, seamlessly integrat-
ing external knowledge with internal R&D endeavors [1], [2].
At its essence, open innovation is centered on the deliber-
ate exchange of knowledge beyond organizational confines
[3], [4], thereby driving innovation through the acquisition,
leveraging, and assimilation of knowledge streams across
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these boundaries. Enterprises effectively blend internal and
external knowledge to fuel internal innovation while seeking
external avenues to bring their product ideas to commercial
fruition [5]. Open innovation facilitates corporate innovation
activities that extend beyond organizational boundaries, sub-
stantially broadening the scope for value creation [1].Modern
information technology has played a pivotal role in enabling
a growing number of enterprises to establish online com-
munities geared towards open innovation, known as Open
Innovation Communities (OICs) [6]. These OICs provide
an interactive platform for external users to collaboratively
share, evaluate, and contribute knowledge and ideas, thus
attracting active participation in innovation-related endeav-
ors [7]. OICs have invigorated the innovation landscape
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within enterprises, as exemplified by successful platforms
such as Dell’s IdeaStrom, LEGO’s LEGO Ideas, and Haier’s
HOPE platform, all of which have yielded numerous innova-
tive outcomes. Users have transitioned from passive service
recipients to proactive value co-creators, actively engaging
in and influencing the design and development of prod-
ucts or services by submitting ideas, expressing opinions,
or specifying requirements [8]. Functioning as virtual social
platforms initiated by enterprises to drive product and service
innovation, OICs generate a substantial volume of valuable
and creative knowledge resources through the curation of
extensive user-generated content [9]. The pivotal objective
of OICs is to harness users’ insights to enhance innovation
performance, constituting the core value of these communi-
ties. Consequently, user knowledge contribution stands as the
fundamental assurance for realizing their strategic value [10].
Hence, the persistent motivation of users to contribute
knowledge remains a critical concern in the operational
practices of OICs.

Previous studies have investigated the mechanisms that
drive user knowledge contributions, considering both internal
and external motivations [4], [11], [12], individual factors
of users [8], [13], [14], [15], interaction elements among
users [16], and environmental factors within the commu-
nity [17], [18]. However, relatively little attention has been
given by researchers to the influence of community gov-
ernance mechanisms, particularly contractual governance
mechanisms, on users’ knowledge contributions. While some
studies have actively explored the role of psychological con-
tracts in shaping user knowledge behaviors like knowledge
collaboration [19] and transfer [20], they often situate the
issue of user knowledge contribution within the analyti-
cal framework of organizational behavior and management,
treating users as quasi-employees [21] due to the origin
of psychological contracts in the employment relationship
between organizations and employees. Notably, scholarly
literature has examined the impact of formal institutional
governance mechanisms on users’ knowledge contributions,
addressing a research gap in this aspect [22]. However, these
studies have not delved into the influence of informal institu-
tional spillover, characterized by implicit contracts, on users’
knowledge contributions. In reality, users form unspoken
contracts outlining mutual expectations among themselves
and with the community, and these implicit contracts may
significantly affect user knowledge-contribution behaviors.

Therefore, this paper aims to investigate the impact of
implicit contracts in OICs on users’ knowledge contribu-
tion and examines the moderating effect of users’ network
positions on this relationship. An empirical test is con-
ducted using the Xiaomi community as a case study. This
study makes three main contributions. Firstly, it analyzes the
mechanism of user knowledge-contribution behavior in OICs
from an implicit contract perspective, thereby enhancing
the theoretical understanding of user knowledge contribu-
tion in online communities. Secondly, it introduces two
dimensions of implicit contracts in OICs, including the

user-user implicit contracts and the user-community implicit
contracts, expanding the framework for studying contrac-
tual governance mechanisms within online communities.
Thirdly, social network analysis is applied by incorporating
network centrality and structural holes to explore how users’
network positions influence their knowledge-contribution
behaviors, thus complementing existing research on online
users’ knowledge behaviors. Overall, this study advances
our understanding of governance theories related to user
knowledge-contribution behaviors in OICs while providing
practical guidance for motivating continuous knowledge con-
tribution within these communities.

II. REVIEW OF LITERATURE
A. OPEN INNOVATION COMMUNITY (OIC)
OICs are derived from the concept of open innovation, which
refers to a distributed innovation process involving purpose-
ful knowledge flow across organizational boundaries [23].
By effectivelymanaging the inflow and outflow of knowledge
across these boundaries, open innovation has emerged as
a successful approach for new product development [24].
Enterprises embrace open innovation by opening up their
innovation activities, resulting in reduced costs and shorter
development times for new products, as well as shared risks
with partners [3]. The advent of online knowledge commu-
nities has transformed the role of users from information
recipients to active knowledge providers [25]. User-generated
content continues to proliferate, offering enterprises abun-
dant resources for innovative endeavors. Consequently, users
actively participate in three stages of idea generation, idea
transformation, and idea diffusion – encompassing the entire
enterprise innovation process that encompasses six key activ-
ities: idea collection, screening, absorption, transformation,
implementation and commercialization [6].

OICs are progressively emerging as crucial platforms
for enterprises to access innovation resources, serving as
a secondary source of innovation alongside originality.
As online knowledge-sharing platforms, OICs also possess
social attributes in the form of informal networks formed by
individuals with shared consensus [8]. In essence, OICs are
virtual spaces that facilitate interactive knowledge exchange
between enterprises and end users who contribute valu-
able insights [26]. Consequently, OICs exhibit fundamental
characteristics such as virtuality, goal-orientedness, volun-
tariness, interactivity, and networking [3], [6], [8], [14], [21].

B. IMPLICIT CONTRACTS IN OIC
Implicit contracts, also referred to as default contracts, are
distinguished from explicit contracts based on explicit rules.
Implicit contracts establish consistent expectations based
on the rational behavior of all participants [27]. Due to
their non-written and non-agreement characteristics, implicit
contracts are considered non-contractual agreements [28].
They can be defined as Self-Enforcing Agreements since
they are self-executing due to the reciprocal nature of the
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contracting parties [29]. Implicit contracts essentially serve as
dynamic agreements that derive value from the incomplete-
ness of formal (explicit) contracts [30]. As certain crucial
indicators cannot be explicitly stated in formal contracts,
only self-enforcing implicit contracts can effectivelymotivate
individuals [28], [29]. Parties adjust their behavioral expec-
tations through discussions or social conventions rather than
relying on external enforcement. Therefore, implicit contracts
emphasize the internalization of behavioral constraints and
safeguards within organizations, institutions, and cultures
over extended periods of interaction, ultimately shaping uni-
versally shared values based on individual preferences [31].
Previous studies have focused on the issue of contracts

in online communities, mainly exploring the psychologi-
cal contracts of online users [19], [32]. The concept of
psychological contracts in these studies originated from
the field of organizational management, specifically refer-
ring to the psychological contracts between employees
and employers [31]. Psychological contracts are defined
as individuals’ understanding and belief in mutual obliga-
tions formed within an employment relationship based on
promises, trust, and perceptions. At its core, psychological
contracts entail implicit unwritten mutual responsibilities
between employers and employees [33]. While some market-
ing studies have replaced the term ‘‘psychological contracts’’
with ‘‘customer-company relationships’’ [20], it is still
emphasized that psychological contracts encompass not only
expectations but also a commitment to responsibilities and
obligations [31], [33]. The concept of implicit contracts in
OICs differs fundamentally from psychological contracts.
Implicit contracts in OICs emphasize self-enforcement based
on values that incorporate individual preferences, high-
lighting individual initiative derived from an objectively
observable reciprocal pattern [33]. This weakens the mutual
obligations-based psychological contracts that bind individ-
uals to their responsibilities. In OICs, implicit contracts
promote ongoing positive interactions through shared val-
ues and social norms among users. These are supported by
tacit understanding and mutual trust between individuals and
expressed as unconscious behavioral norms accepted by users
[34], [35]. Therefore, this study defines implicit contracts in
OICs as stable commitments to self-implementation by users
who gradually develop certain expectations of behavioral out-
comes based on personal preferences and their understanding
and beliefs about long-term participatory interactions’
behavioral constraints and guarantees.

Implicit contracts serve as contractual arrangements aimed
at reducing transaction costs and enhancing transaction effi-
ciency within the trading process [27], [35]. OICs provide a
conducive environment for users to contribute their knowl-
edge, fostering a harmonious and friendly atmosphere. Users
actively engage in knowledge sharing, which not only brings
them pleasure and a sense of accomplishment but also
exhibits characteristics akin to transactions. When users
receive feedback in the form of comments, likes, retweets
from other users or recognition by the platform itself, they

experience psychological benefits such as mental satisfaction
and pleasure [4]. Implicit contracts within OICs fulfill four
essential conditions necessary for coordinating transactions.
The first is mutual benefit [29], which entails the establish-
ment of win-win or multi-win relationships among users.
The second is mutual trust [36], involving the development
of enduring cooperative relationships between users. The
third is complementarity [28], [37], referring to the reciprocal
supplementation of resources and capabilities among users.
The fourth is coordination [28], [38], encompassing the com-
prehensive exchange of information and knowledge among
users. Therefore, implicit contracts in OICs should incorpo-
rate reciprocity [13], [18], [29], [33], trust [31], [33], [36],
recognition (or identification) [12], [18], [39], incentives (or
rewards for effort) [6], [11], [40], and support (e.g., feed-
back, system design, etc.) [9], [25], [40]. User behavior in
OICs is closely intertwined with both inter-individual interac-
tions and individual-environment interactions. Consequently,
this study categorizes implicit contracts in OICs into two
dimensions: user-user implicit contracts and user-community
implicit contracts.

C. USER KNOWLEDGE CONTRIBUTION IN OIC
Knowledge contribution refers to the process and behavior
of knowledge owners in providing and creating knowledge
[12], [13], [26], [41]. In OICs, user knowledge contribution
is achieved through interactions between users, both within
the user community and with other users [2], [16]. This
contribution is manifested such as posting, commenting, and
replying to posts. Consequently, users assume dual roles as
both providers and recipients of knowledge. User knowl-
edge contribution encompasses proactive sharing and reactive
engagement [42]. Proactive contribution entails active shar-
ing of experiences, creativity, ideas, opinions, solutions, and
other valuable information by users through posting. Reactive
contribution involves users offering answers and opinions
based on information shared by others; this includes com-
menting on and replying to posts. It should be noted that not
all OIC users contribute knowledge; a majority are primarily
viewers or searchers for information – referred to as ‘‘diving’’
users [16]. Simultaneously, knowledge contribution under-
scores the value of information shared by users [18]. When
ideas or thoughts are innovative and potentially commercially
viable, and their implementation costs are reasonable, they
tend to be adopted and implemented [8]. OICs offer users
support for knowledge sharing [2], [4]. The community
records and stores the knowledge shared by users, result-
ing in an exponential growth of diverse knowledge through
user-generated content accumulation [24]. Consequently,
as users submit more ideas in OICs, the diversity of knowl-
edge increases, enhancing the likelihood of realizing more
valuable ideas [2], [24].

The driving force behind behavior lies in individuals’ will-
ingness. However, the willingness to contribute knowledge
remains a latent variable that cannot be directly observed [15].
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By proactively anticipating users’ evolving patterns of
willingness and implementing effective measures, enterprises
can stimulate their inclination and propensity to engage in
knowledge interactions. Users’ experiences, ideas, and cre-
ativity possess the characteristics of tacit knowledge, can only
be transformed into explicit knowledge through development
processes; this explicit knowledge then becomes valuable
resources for innovation activities within enterprises. of tacit
knowledge heavily relies on repeated interactions among
users within a community [2]. Sustained and effective inter-
action not only facilitates cognitive understanding but also
enhances clarity of shared knowledge, thereby fostering com-
prehensive synergy across different domains of expertise and
enabling the creation and development of more valuable new
insights [43]. Consequently, OICs exhibit consistent devel-
opment and effectively support enterprise innovation through
continuous knowledge exchange. The impact of knowledge
resources on enterprise innovation performance is not solely
determined by their quality but also closely linked to their
quantity [41]. Motivating users to actively participate in inter-
actions is a crucial approach for facilitating user knowledge
contribution in OICs. Knowledge interaction within OICs
possesses the characteristic of repetitive gaming [19]. Implicit
contracts serve as a mechanism that encourages users to
engage continuously in knowledge interactions. Within this
framework, this study investigates the influence of implicit
contracts on users’ knowledge contribution in OICs.

III. HYPOTHESIS DEVELOPMENT
A. USER-USER IMPLICIT CONTRACTS AND USER
KNOWLEDGE CONTRIBUTION
Reciprocity is a crucial factor in motivating users to con-
tribute knowledge in OICs [13], [18]. The reciprocity theory
posits that individuals tend to exhibit kind and favorable
behavior towards those who assist them [31]. Drawing from
the implicit contract theory, ‘‘reciprocity’’ benefits partic-
ipants by ensuring the execution of the contract during
transactions [36]. The principle of reciprocity serves as an
ongoing assurance for maintaining repeated gaming rela-
tionships through information exchange among users in
OICs [19]. With the expectation of mutual benefit, i.e.,
‘‘receiving help from others in the future,’’ users actively
provide answers or comments on questions or ideas they
are knowledgeable about, thereby guaranteeing responses to
their own posted information at a later time by others [44].
This reciprocal ‘‘response to each other’’ enables users to
gain knowledge and enhance their experiences. Sustain-
ing knowledge-contribution behavior becomes challenging if
users do not receive expected responses after sharing their
knowledge [19]. Consequently, by engaging in active giving
based on the belief that others have reciprocal preferences,
users can eventually obtain rewards from fellow community
members [44]. The pattern of facilitated interaction between
users, refining existing knowledge within OICs and fostering

new knowledge generation. Therefore, this paper proposes
the hypothesis:
Hypothesis 1a (H1a):User reciprocity has a positive effect

on user knowledge contribution in OICs.
Within the framework of implicit contracts, trust refers to

one participant’s certainty regarding the other participant’s
intention and ability to perform, as well as the consequences
of performance [36]. This expectation of certainty ensures
the self-execution of transactions. Trust fosters pro-social
motivation [36], positive attitudes toward others, effec-
tive and constructive assistance, accurate communication,
and collaborative problem-solving [43]. In essence, trust
facilitates pro-social interactions among individuals [36].
Regarding knowledge sharing, trusting others enhances the
effectiveness [45]. The virtual nature of online user rela-
tionships and the public goods aspect of knowledge often
result in users’ reluctance to share information. Inter-user
trust not only encourages users freely share their knowl-
edge by creating a friendly and harmonious environment but
also effectively reduces opportunistic and infringing behav-
iors [34], [36], [46]. Inter-user trust encompasses both trust
in users’ character and their abilities. Trust in users’ abilities
is reflected in their belief that they can gain inspiration
from other users’ ideas [46], thereby fostering continuous
knowledge interaction. Thus, we hypothesize:
Hypothesis 1b (H1b): User trust has a positive effect on

user knowledge contribution in OICs.
In implicit contract theory, recognition refers to the sat-

isfaction of transaction participants with the performance
outcome, as evaluated based on expected achievement [9],
and is premised on individual rationality [31]. In OICs,
inter-user recognition takes the form of simple acknowledg-
ments or more detailed responses to knowledge-contribution
behaviors [47], such as liking, supporting, retweeting posts,
providing positive comments, and following posters. Social
cognitive theory suggests that receiving recognition from oth-
ers induces tendencies to produce behaviors leading to better
outcomes [43]. Peer recognition is commonly used in moti-
vating individuals to contribute public goods in OICs [47].
Inter-user recognition effectively motivates users’ active
participation in community interactions and knowledge con-
tribution behavior [43], [47]. Recognition provides users with
psychological feelings of approval, respect, and a sense of
belongingness, which enhances their closeness to the commu-
nity and increases their satisfaction with social interactions
[4], [18]. Ultimately, this inspires them to continuously share
information and exhibit more active knowledge contribution
behaviors [18], [43], [44]. Therefore, we hypothesize that:
Hypothesis 1c (H1c):User recognition has a positive effect

on user knowledge contribution in OICs.

B. USER-COMMUNITY IMPLICIT CONTRACTS AND USER
KNOWLEDGE CONTRIBUTION
Incentives serve as effective tools for OICs to stimulate users’
knowledge contribution, encompassing both intrinsic and
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extrinsic motivations. Extrinsic incentives refer to the visible
rewards for knowledge-contribution behaviors, while intrin-
sic incentives are associated with hidden motivation [36].
Currently, online communities primarily employ a combina-
tion ofmental incentives such as reputationmechanisms (e.g.,
granting active users points, medals, ranks, and honors) and
financial rewards like lotteries and discounts [12], [39], [40].
These incentives explicitly outline the tangible financial and
non-financial benefits that users can attain through their
contributions and represent explicit institutional engagements
or contracts [27], [30], [37]. Community incentives ensure a
continuous flow of knowledge contribution from users by sus-
taining their interests [6]. This study incorporates community
incentives into the framework of implicit contracts, focusing
on intrinsic motivations closely linked to user perceptions.
These perceptions are considered as spillovers from extrinsic
community motivation contained in explicit contracts [30].
Fair and reasonable incentives can effectively motivate users
and encouragemore active knowledge contribution [41], [48].
Intrinsic incentives based on user-formed understanding
and beliefs regarding the fairness and rationality of these
incentive systems play a crucial role in stimulating behav-
ioral motivation. Hence, intrinsic incentives characterized by
implicit contractual elements can significantly enhance user
expectations of behavioral outcomes while motivating them
to actively participate in knowledge contribution [9], [47].
Therefore, we hypothesize that:
Hypothesis 2a (H2a):Community incentives have a posi-

tive effect on user knowledge contribution in OICs.
Trust serves as an implicit guideline for user-user inter-

action and also functions as a potential norm for user-
community interaction, representing a shared consciousness
encompassing reciprocal trust towards the community as a
whole and its members [3]. While inter-user trust pertains to
interpersonal relationships, trust between users and commu-
nities is characterized by non-interpersonal trust, commonly
referred to as institutional trust or users’ reliance on com-
munities [3], [18], [46], [48]. User-community trust entails
the belief in the community’s reliability, fidelity, sincerity,
and integrity that users perceive through OICs [21], lead-
ing to their absence of doubt regarding the communities’
credibility [46] while enhancing their sense of identity, trust-
worthiness, and belongingness [6]. Trust between users and
the community originates from users’ perception and evalua-
tion of various safeguard systems such as intellectual property
rights protection, privacy security measures, secure interac-
tions protocols, evaluation standards etc. It is based on users’
preference for trustworthy environments along with their
gradually formed certainty about what they can expect from
the community during their interactions with OICs. Drawing
upon contract theory principles; this interactive relationship
between users and communities exhibits characteristics akin
to repeated gaming dynamics where maintaining long-term
engagement relies on high-quality norms provided by the
community [4], [27], [36] which generate user’s confidence
in these guarantees [46]. Trust stimulates psychological com-

mitment combined with autonomous implementation among
users thereby motivating them to actively participate in
knowledge contribution. Therefore, this paper proposes the
hypothesis that:
Hypothesis 2b (H2b):Community trust has a positive effect

on user knowledge contribution in OICs.
Community support in OICs refers to users’ beliefs about

their experience and satisfaction with the community, based
on personal preferences. It represents the expectations of
implicit contracts regarding recognition between users and
the community [18]. OICs are characterized by fast response
times, user-friendly interfaces, and reliable systems, which
significantly influence users’ interactive experiences. Higher
quality OICs are considered to bemore user-friendly, offering
a high level of helpfulness and functionality [40]. System
quality reflects effective community management practices
that enhance cooperative norms and perceived benefits of
user participation [21]. Through long-term knowledge inter-
actions in OICs, users develop stable expectations of com-
munity support and internalize their commitment to gaining
approval from the community. This psychological proximity
to the community is regarded as its salience for users [16].
Such commitment leads users to form beliefs about the
outcomes of their behavior, shaping their motivation to con-
tribute and ultimately influencing behavioral intentions and
actual contributions [9]. Users perceive community support
services as leverage for their contribution actions [45], [48].
Therefore, community support enhances users’ recognition
of the community, motivates them to contribute actively [47],
and ultimately promotes their continuous participation in
knowledge contribution. Thus, we hypothesize that:
Hypothesis 2c (H2c): Community support has a positive

effect on user knowledge contribution in OICs.

C. MODERATING ROLE OF THE USER NETWORK
POSITIONS
Users in OICs establish associative relationships with each
other through information interaction in the form of network
structures, namely social networks [3], [6], [12], [19], [41].
Within these social networks, individuals acquire the ability
to exert influence and control over network resources due to
their unique positions within the network, subsequently shap-
ing their behaviors and characteristics [49]. Previous research
has confirmed that users gain external knowledge through
network interactions in OICs, and their positions within the
interactive network significantly impact sustainable knowl-
edge contribution [26]. The attributes of individuals’ network
positions are typically measured by assessing both network
centrality and structural holes [50], [51], [52], [53], [54].
Therefore, this study focuses on examining users’ network
positions in OICs from two dimensions: network centrality
and structural holes.

Centrality refers to the extent to which a user is posi-
tioned at the core of the network [54], indicating their
relative position and relationship with other users in the
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community. It reflects how deeply embedded a user is within
the network and measures their access to and control over
resources [50], [55]. Users occupying central positions in
a social network enjoy easier access to valuable informa-
tion and resources, thereby enhancing their advantage in
terms of resources and authority [49], [53], [56]. In OICs,
higher network centrality for a user signifies greater atten-
tion received (more followers, retweets, and views on posts).
Furthermore, active participation by this user in knowledge
interactions among others increases their potential to become
a core or leading figure [57], [58]. A highly central user
attracts more followers due to their ability to share high-
quality expertise. They possess elevated status, reputation,
influence within the community [53] while also experiencing
positive emotions and stronger satisfaction [55]. This helps
foster understanding, beliefs of reciprocity, trust, recogni-
tion among users as well as incentives and trust from the
community. Consequently, forming stable expectations and
commitments towards knowledge contribution that promote
such behaviors. Simultaneously, users with higher central-
ity can lead ordinary users towards active engagement in
knowledge interaction [55], [58]. This facilitates more users
developing a sense of contractual contribution behavior thus
promoting overall knowledge contribution activities within
OICs. Therefore, it can be hypothesized that network central-
ity moderates a user’s knowledge contribution. The specific
hypotheses are as follows:
Hypothesis 3a (H3a):Network centrality plays a positive

moderating role between user-user implicit contracts and
user knowledge contribution in OICs.
Hypothesis 3b (H3b):Network centrality plays a positive

moderating role between user-community implicit contracts
and user knowledge contribution in OICs.

Structural holes serve as pivotal nodes that regulate infor-
mation flow within a network. In social networks, certain
individuals lack direct connections or have sporadic relation-
ships, resulting in the emergence of ‘caves’ in the network
structure known as structural holes [51], [52], [54]. The indi-
vidual occupying the structural hole acts as a ‘‘middleman’’
between two adjacent nodes, facilitating and bridging the
flow of information [51]. The number of structural holes
occupied by an individual reflects his/her ability to con-
trol the flow of information. By occupying more structural
holes, individuals can connect with more diverse groups.
Consequently, they not only govern information dissemina-
tion between different groups but also acquire non-redundant
knowledge through cross-group comprehension and inte-
gration [43]. In OICs, users occupy these structural holes
by establishing links among otherwise disconnected groups
through activities such as posting and replying. Users
who occupy these structural holes function as conduits for
information transfer across different groups, granting them
greater control over knowledge dissemination. This enhanced
interactive experience fosters higher expectations and com-
mitment towards participation while generating a strong
inclination to contribute knowledge [26], [49]. Therefore,

occupying more structural holes not only enables users to
access superior quality knowledge resource [9] but also plays
a crucial role in developing heightened expectations and
commitment towards contribution behaviors, thereby pro-
moting users’ engagement in knowledge sharing activities
[13], [21], [41]. Thus, it is reasonable to assume that the
attribute of structural holes has a moderating effect on user
knowledge contribution. This study proposes the hypothesis
that:
Hypothesis 4a (H4a): Structural holes play a positivemod-

erating role between user-user implicit contracts and user
knowledge contribution in OICs.
Hypothesis 4b (H4b): Structural holes play a positive

moderating role between user-community implicit contracts
and user knowledge contribution in OICs.

Based on the analysis of the above, the theoretical model
constructed in this study is shown in Figure 1.

FIGURE 1. The theoretical model of this study.

IV. RESEARCH DESIGN
A. DATA COLLECTION
This study adopts the Xiaomi community (https://www.
xiaomi.cn) as the empirical research object, which represents
a prominent OIC. In this community, users actively engage in
product discussions, idea exchange, problem feedback, and
knowledge sharing. By effectively integrating user-generated
ideas with internal corporate resources, the Xiaomi com-
munity drives product innovation [8]. To collect behavioral
data of Xiaomi community users for analysis of variables
such as user knowledge contribution and network position,
we used crawler software. From January 1 to December 31,
2022, we collected data from the MIUI section of the Xiaomi
Community including usernames for posting and replying
along with post content. A total of 94,218 posts were initially
obtained. After eliminating invalid posts including those with
fewer than 10 words of content, posted by official develop-
ers, uncommented and self-commented posts, we retained
173,681 valid posts. Simultaneously, we recruited partici-
pants from the MIUI community for a questionnaire study
on implicit contracts and provided them with compensation.
We collected a total of 400 questionnaires but excluded
109 invalid ones due to missing usernames, excessively
short completion time, identical options for each ques-
tion, and incorrect answers to test questions. Ultimately,
we obtained 291 valid samples. Subsequently, the question-
naire data was matched with the web crawler data based on
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TABLE 1. Characteristics of the sample.

usernames resulting in a network comprising 9021 posts and
289667 relationships involving a total of 46968 nodes.

The characteristics of the sample are shown in Table 1.
The proportion of male users is nearly 80%, the proportion of
users aged 18-35 is 77.32%, and 82.47% of users have a uni-
versity education or above. These characteristics are basically
consistent with the overall situation of Xiaomi community
users, indicating that the study sample is representative.
Additionally, over 80% of users have been registered for more
than 2 years. This group of long-term community members
ensures that their answers align more closely with the real sit-
uation, thereby enhancing the authenticity of the sample data.

B. VARIABLES MEASUREMENT
1) INDEPENDENT VARIABLES
This paper on the measurement of implicit contracts refers
to the studies of Pirkkalainen et al. [9], Zhao et al. [11],
Mustafa and Zhang [13], Liao et al. [18], Barreda et al. [40],
Cai et al. [41], Pai and Tsai [44], Fang and Chiu [48], Chen
and Hung [56]. Experts specializing in online user behavior
research and experienced members of the Xiaomi community
were invited to critically review the content of the question-
naire. The questionnaire was subsequently refined to account
for the specific contextual factors within the community and
align with its users’ actual experiences. Additionally, a pre-
liminary version of the questionnaire was distributed among
eligible participants for pre-testing. Factor analysis was per-
formed on 67 valid datasets obtained, leading to exclusion
of certain items that did not accurately reflect measured
variables, resulting in a finalized official questionnaire. All
variables were assessed using a Likert 5-point scale format,
with details provided in Table 2.

2) DEPENDENT VARIABLE
Previous studies have typically considered the measurement
of knowledge contribution in terms of both quantity and
quality [39], [47]. The quantity of knowledge contribution
is often assessed based on the number of posts, while the

quality is evaluated by the number of likes received. However,
focusing solely on one dimension, whether it be quantity
or quality, fails to provide an objective and comprehensive
characterization of knowledge contribution. In reality, quan-
tity and quality are intertwined and inseparable. Therefore,
this paper employs the entropy weighting method to assign
weights to both the quality and quantity aspects of knowl-
edge contribution, enabling a more accurate assessment. The
entropy weighting method determines index weights based
on data variability, ensuring a more objective allocation.
Considering the significant variability inherent in web
crawler data, logarithmic transformation is applied in this
study to reduce discreteness. As a result, using the entropy
weighting method yields weights for quantity and quality as
0.317 and 0.683 respectively.

3) MODERATING VARIABLES
In this paper, we utilize relative centrality to measure the
network centrality of users. If the network size is N , i.e.,
the number of users in the network is N , and the number of
connections of user i to other users is ni, then the network
centrality of user i is calculated as

Centralit yi =
ni

N − 1
In the structural hole theory, there are several indicators

proposed to measure whether one node is likely acting as a
structural hole spanner in a network [51]. The indicators of
structural holes mainly include four aspects: effective size,
efficiency, constraint, and hierarchy. Constraint is considered
the most important one which refers to the degree to which
nodes in a network are constrained in their use of struc-
tural holes [50], [51]. The ‘‘constraint’’ of a node represents
its ability to utilize the structural holes in its network, and
the larger this value is, the stronger it indicates that the
node is constrained by single relationships. In other words,
lower restriction on a node implies a stronger role played
by it through structure holes [52]. Therefore, in this article,
the difference of 1 and the constraint is used to measure
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TABLE 2. Items of independent variables, and reliability and validity analysis.

the users’ structural holes. The constraint of the user i is
calculated as

constraint Li =

∑
j

(Pij +
∑

q,q̸=i,q̸=j

Piq × Pqj)
2

In the equation, node j is a user directly connected to
the user i, while node q is an intermediary user who can
establish a connection between user j and user i. Pij denotes
the proportion of direct connections from user i to user j
out of all connections made by user i. Piq × Pqj repre-
sents the proportion of connections from user i to user j
through intermediary user q out of all connections made by
user i. Therefore, the structure holes of user i are defined as
(1 − constraint Li).

4) CONTROL VARIABLES
Drawing upon existing studies [8], the characteristics of users
and posts are selected as control variables in this article.
User characteristics include User’s Experience which repre-
sents the number of posts made by the user, User’s Level
which indicates the number of medals and tags awarded
to the user, and User’s Qualifications which represent the
length of time (in days) that a user has been registered
as a community member. Post characteristics include the
Length of Post which is defined as the average number of
words in each post, Number of Comments which represents
the average number of comments received on each post,
and Length of Comment which denotes the average num-
ber of words in each comment. These variables have also
been transformed into logarithmic form in the data analysis
process.

V. EMPIRICAL ANALYSIS
A. RELIABILITY AND VALIDITY ANALYSIS
The results of the reliability and validity analysis are illus-
trated in Table 2. The minimum value of Cronbach’s α for the
implicit contracts is 0.818, surpassing the optimal threshold
of 0.8, thereby indicating exceptional consistency among the
question items within the scale. Additionally, the average
variance extracted (AVE) of these variables is above 0.5 and
the composite reliability (CR) exceeds 0.7, suggesting that
the items are reliable. Factor loadings of 6 observed vari-
ables ranged from 0.847 to 0.888, exceeding the threshold
of 0.71 (explaining more than 50% variance), demonstrating
good convergent validity for these scales. Furthermore, all
correlation coefficients between variables are lower than the
square root of their respective AVE (as shown in Table 4),
indicating strong discriminant validity among variable scales.
In summary, the reliability and validity of the measurement
scales in this study are favorable.

Additionally, variable names have been abbreviated in this
paper to form symbols as shown in Table 3. Furthermore,
Table 3 illustrates the maximum and minimum values, mean,
and standard deviation of these variables.

B. CORRELATION ANALYSIS
The results of the correlation analysis among the variables
are shown in Table 4. The correlation coefficients between
implicit contracts and knowledge contribution exhibit a
positive and statistically significant relationship (r > 0,
p < 0.001), thereby providing initial empirical support for
the theoretical predictions regarding implicit contracts and
user knowledge contribution. However, further investigation
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TABLE 3. Descriptive statistical analysis.

TABLE 4. Correlations of the variables.

is required to establish a causal relationship between these
variables.

C. OLS REGRESSION MODEL
The hypotheses were tested using ordinary least squares
(OLS) regression analysis, and the results are shown in
Table 5. Model 1 examined the impact of user-user implicit
contracts on knowledge contribution, revealing signifi-
cantly positive regression coefficients for user reciprocity
(βUserRecip = 0.281, p < 0.001), user trust (βUserTrust =

0.203, p < 0.01), and user recognition (βUserRecog = 0.233,
p < 0.001). These findings indicate that all three user-user
implicit contracts have a significant positive effect on user
knowledge contribution, supporting hypotheses H1a, H1b,
and H1c. The test results of model 2 demonstrate that com-
munity incentives (βComMotiv = 0.271, p < 0.001), community
trust (βComTrust = 0.117, p < 0.01), and community support
(βComSuppo = 0.277, p < 0.001) also exhibit significantly
positive regression coefficients, validating hypotheses H2a,
H2b, and H2c. Thus, user-community implicit contracts
exert a substantial positive influence on user knowledge
contribution.

Models 3 to 5 were used to test the moderating effect
of network positions between user-user implicit contracts
and user knowledge contribution. The results indicated that
the regression coefficients of the interaction terms between
network centrality and user-user implicit contracts did not

reach statistical significance (βUser_×NetCentr > 0, p > 0.05).
This suggests that the moderating effect of network centrality
is not significant, thereby failing to support H3a. On the
other hand, the coefficients of the interaction terms between
structural holes and user-user implicit contracts were found to
be positive and significant (βUser_×StrucHole > 0, p < 0.001),
indicating a significant positive moderating effect of struc-
tural holes and supporting H4a.

The moderating role of network positions in the influ-
ence of user-community implicit contracts on user knowl-
edge contribution was validated by Models 6 to 8. The
results indicate that the coefficients of the interaction terms
between network centrality and user-community implicit
contracts (βCom_×NetCentr> 0, p < 0.05) are significantly pos-
itive, as well as the coefficients of the interaction terms
between structural holes and user-community implicit con-
tracts (βCom_×StrucHole > 0, p < 0.001). These findings suggest
that network positions, including network centrality and
structural holes, have a significant positive impact on the
relationship between user-community implicit contracts and
user knowledge contribution. Therefore, hypotheses H3b and
H4b are supported.

D. BOOTSTRAP TEST FOR MODERATING EFFECTS
The OLS regression analysis necessitates adherence to a nor-
mal distribution for the data. However, in this study, the data
exhibits skewness, which may introduce biased estimates.
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TABLE 5. Results of regression analysis.

TABLE 6. Bootstrap test for moderating effects.

To address this issue, we employed the Bootstrap method to
supplement the validation of themoderating effect. By repeat-
edly sampling from the dataset and estimating the moderating
effect in each resampled dataset, the Bootstrap method over-
comes the limitations of OLS regression analysis without
requiring conformity to a normal distribution. We conducted
5,000 bootstrap resamples to generate bias-corrected confi-
dence intervals (Bias-Corrected CI). The moderating effect is
considered significant when the 95% CI excludes zero [59].
The results are shown in Table 6.

The moderating effects of network centrality on the rela-
tionships between user-user implicit contracts and knowledge
contribution fail to be tested, as indicated by the 95% CIs
including zero, which does not support H3a. Conversely,
the moderating effects of structural holes in these relation-
ships are confirmed by the 95% CIs excluding zero, thus
supporting H4a. Furthermore, both network centrality and
structural holes have significant moderating effects on the
relationships between user-community implicit contracts and
knowledge contribution, as evidenced by their respective
95% CIs excluding zero, thereby supporting H3b and H4b.
Consequently, the Bootstrap test results for moderating

effects align with those obtained from OLS regression
analysis.

VI. CONCLUSION AND DISCUSSION
A. RESEARCH CONCLUSION
This paper explores the impact of implicit contracts in
OICs on the user knowledge contribution, focusing on two
dimensions: user-user implicit contracts and user-community
implicit contracts. Moreover, the moderating effect of users’
network positions on the aforementioned relationships is ana-
lyzed in terms of network centrality and structural holes. The
theoretical model is tested with the users’ behavioral data of
the Xiaomi community, and the following three conclusions
are obtained.

First, implicit contracts in OICs significantly impact user
knowledge contribution. Implicit contracts in OICs refer
to users’ understandings and beliefs about behavioral con-
straints and safeguards that are gradually formed during
long-term interactions. Based on these implicit contracts,
users establish expectations of behavioral outcomes and com-
mitments to self-execution that provide implicit safeguards
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and drivers for user behavior regarding knowledge con-
tribution. The results of this study demonstrate that both
user-user implicit contracts (user reciprocity, user trust, and
user recognition) and user-community implicit contracts
(community trust, community incentives, and community
support) contribute significantly to user knowledge con-
tribution. Furthermore, regression analysis was conducted
with the quantity and quality of knowledge contribution as
dependent variables. It was found that the effects of implicit
contracts are stronger on the quantity rather than the qual-
ity of user knowledge contribution. Additionally, user-user
implicit contracts have a greater impact compared to those
between users and the community. This conclusion is con-
sistent with actual observations within Xiaomi’s community,
where inter-user interaction plays a more significant role in
facilitating posting, following, and commenting activities,
resulting in an accumulation of quantity that can lead to qual-
itative change. Furthermore, this finding supports previous
research indicating how generalists’ ability to create popular
and feasible ideas depends on their accumulation of deep
knowledge [7].

Second, the relationships between implicit contracts and
user knowledge contribution are moderated by network
positions. The moderating role of structural holes in these
relationships reveals the importance of users’ control over
information in knowledge contribution. However, the mod-
erating effect of network centrality on the relationships
between user-community implicit contracts and user knowl-
edge contribution is insignificant. This may be due to the
low tacitness of knowledge in the Xiaomi community and
the presence of a ‘‘peer effect’’ within the community. The
low tacitness reduces the difference in effects between high
and low network centrality on the relationship between
knowledge behavior and its performance. In other words,
network centrality weakens the positive impact of knowledge
behavior on performance, with its moderating effect becom-
ing more significant only when there is high tacitness [53].
Wang et al. [58] studied how network centrality moderates
peer effects in knowledge contribution based on social capital
theory, finding that intimate centrality enhances peer partici-
pation in seeking knowledge but has no effect on knowledge
contribution, andmediated centrality does not affect the effect
of peer participation.

Third, the users’ network positions have a positive impact
on their knowledge contribution. In the correlation analysis,
the correlation coefficients of network centrality, structural
holes and knowledge contribution are significantly positive
(rNetCentr = 0.190, p < 0.01; rStrucHole = 0.191, p <

0.01). Meanwhile, this study further reveals the impact of
network positions on user knowledge contribution using OLS
regression, and the results show that both network centrality
(β = 0.185, p < 0.01) and structural holes (β = 0.192, p <

0.001) have a significant positive impact on user knowledge
contribution as well. This finding also suggests that structural
embeddedness(including network centrality and structural
holes) is related to various forms of network commitment

or one’s psychological bonds with their personal network of
contacts [55].

B. MANAGERIAL IMPLICATIONS
The following management enlightenment is obtained:

First, knowledge contribution in OICs relies on a con-
tinuous exchange among users, with implicit contracts
between users serving as intrinsic motivators for interac-
tions. Therefore, it is crucial for the community to attract
users from diverse knowledge backgrounds, enabling them
to acquire new knowledge and develop a belief in reci-
procity through complementary expertise. Additionally, the
community should actively encourage user participation by
promoting active engagement through following and com-
menting. This will establish stable interactive relationships
and foster a norm of trust. Moreover, positive affirma-
tions during knowledge interactions should be promoted to
acknowledge and validate other users’ perspectives and ideas,
allowing individuals to internalize a sense of recognition.

Second, the community serves as a platform for users’
knowledge interaction and fosters consensus among them
regarding incentives, trust, and support to cultivate a collec-
tive ‘‘community consciousness’’. It is essential to construct a
comprehensive and fair incentivemechanism that instills con-
fidence in users towards community incentives. Additionally,
measures such as enhancing intellectual property rights
protection and privacy security for users, strengthening super-
vision and punishment mechanisms against violations and
opportunistic behaviors, valuing user opinions and feedback
on platform development are crucial steps in improving
overall user experience satisfaction levels while promoting
belief in community support.

Third, leading users who have higher network central-
ity and occupy more structural holes possess advantages
in knowledge creativity, expertise, sophistication, and social
influence. These leading users not only proactively contribute
knowledge to the community but also enhance the loyalty of
ordinary users to the community and lead them to participate
in knowledge interaction by serving as leaders and role mod-
els. In short, communities should focus on cultivating leading
users while strengthening cooperation with them and encour-
aging ordinary users to actively contribute their knowledge.

C. LIMITATIONS AND FUTURE DIRECTIONS
This paper has some limitations. Firstly, it takes Xiaomi
community as the research object, which is not only an
OIC but also a virtual brand community with users who
are brand enthusiasts. Due to their limited knowledge lit-
eracy and innovation ability, most users’ postings, follows
and replies do not strictly qualify as knowledge contribu-
tions. Future research can consider studying professional
knowledge communities such as Haier’s HOPE to examine
the knowledge-contribution behaviors of leading users [57],
while also conducting comparative studies of different types
of OICs. Secondly, this paper measures implicit contracts
based on users’ understanding and beliefs about interaction
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norms using questionnaires to measure variables. However,
there may be limitations in statistical test efficacy due to
insufficient sample size or questionnaire design that could
affect respondents’ emotions. Future research can consider
extracting indicators from web crawler data to measure
implicit contracts instead. Thirdly, this paper initially reveals
that network positions have an impact on users’ knowledge
contribution. Future research should conduct an in-depth
analysis of this matter and explore how other types of net-
work positions, such as network density [57], brokerage [49],
network breadth and network depth [26], influence users’
knowledge contribution.
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