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Abstract—The rapid proliferation of digital platforms has
reshaped social and economic interactions, transforming them
into dynamic ecosystems for innovation. While the role of these
platforms in facilitating collaboration is widely acknowledged,
a comprehensive understanding of how digital platform
engagement influences the development of a collaborative
innovation culture within online communities remains elusive.
This study addresses this gap by investigating the causal
relationship between digital platform engagement and the
emergence of a collaborative innovation culture, characterized
by knowledge sharing, open feedback, and cross-disciplinary
integration. Drawing insights from the co-evolutionary theory
of markets and morality, we propose a novel framework that
conceptualizes  digital  platforms as  socio-technical
infrastructures that foster new cultural norms for collective
creativity. Utilizing a large-scale dataset from diverse online
innovation communities, we employ advanced natural
language processing (NLP) techniques to quantify
collaborative innovation culture from user-generated content
and apply instrumental variable (IV) analysis to establish
causality. Our findings reveal a significant positive causal
effect of digital platform engagement on the cultivation of a
collaborative innovation culture. Specifically, increased
platform participation leads to enhanced knowledge sharing,
more constructive open feedback mechanisms, and greater
cross-disciplinary integration within these communities. This
research contributes to the literature on digital platforms,
innovation ecosystems, and cultural evolution by providing
empirical evidence of how technological environments shape
social norms and behaviors. Practically, our insights offer
actionable recommendations for platform designers and
community managers to optimize platform features and
incentive mechanisms, thereby fostering more vibrant and
productive collaborative innovation cultures.
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User-Generated Content, Cross-Disciplinary, Innovation Culture

1. INTRODUCTION

The advent and pervasive integration of digital platforms
have profoundly transformed the landscape of human
interaction, commerce, and creativity [1]. From social media
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networks to e-commerce marketplaces and specialized
collaborative environments, these platforms have become
indispensable infrastructures that mediate an ever-increasing
array of human activities. Beyond their initial functionalities,
many digital platforms have organically evolved into vibrant
ecosystems where collective intelligence flourishes, and
innovation is no longer confined to traditional organizational
boundaries [2]. This phenomenon, often termed open
innovation or collaborative innovation, leverages the
distributed knowledge and diverse skills of a global
community, offering unprecedented opportunities for
problem-solving and value creation [3].

Despite the growing recognition of digital platforms as
catalysts for innovation, a critical gap persists in our
understanding of the underlying mechanisms through which
platform engagement shapes the cultural norms and practices
conducive to collaborative innovation within online
communities. While anecdotal evidence and qualitative
studies suggest a strong correlation, rigorous empirical
analysis, particularly concerning the causal pathways,
remains limited. How does the degree of user participation
and interaction on a digital platform translate into a more
open, sharing, and integrated innovation culture? What are
the specific cultural facets that are most influenced by
platform dynamics? Addressing these questions is crucial for
both theoretical advancement in the fields of innovation
studies, organizational behavior, and digital sociology, as
well as for practical implications in designing and managing
effective online collaborative environments.

Drawing inspiration from the co-evolutionary
perspective that posits a reciprocal relationship between
economic systems and moral values [4], this study extends
this theoretical lens to the digital realm. We argue that digital
platforms, much like traditional markets, establish a unique
socio-technical environment that incentivizes certain
behaviors and, over time, fosters specific cultural traits. Just
as market interactions can promote universalist morality by
necessitating cooperation among strangers, digital platforms,
by facilitating distributed collaboration, may cultivate a
collaborative innovation culture that emphasizes knowledge
sharing, open feedback, and cross-disciplinary integration.
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This conceptual migration allows us to investigate whether
the 'engagement' in digital platforms, analogous to 'market
exposure,’ causally influences the 'culture' of innovation,
akin to 'human morality.'

This paper aims to achieve three primary objectives. first,
we seek to develop a comprehensive conceptual framework
that articulates the relationship between digital platform
engagement and collaborative innovation culture,
specifically focusing on the dimensions of knowledge
sharing, open feedback, and cross-disciplinary integration.
Second, we aim to provide robust empirical evidence for this
relationship by analyzing large-scale, real-world data from
diverse online innovation communities. We will employ
advanced natural language processing (NLP) techniques to
extract cultural indicators from user-generated content and
utilize instrumental variable (IV) analysis to address
potential endogeneity issues and establish causality. Third,
by uncovering the causal impact of platform engagement,
this research intends to offer actionable insights for platform
designers, community managers, and policymakers on how
to strategically foster and sustain thriving collaborative
innovation ecosystems. Our findings will contribute to a
deeper understanding of the socio-technical dynamics of
digital innovation, bridging insights from design, technology,
engineering, business, and cultural studies.

2. RELATED WORK

The burgeoning landscape of digital platforms has
attracted significant academic attention across various
disciplines, ranging from economics and computer science to
sociology and management. Early research primarily
focused on the economic implications of platforms, such as
network effects, market power, and business models [5][6].
Subsequently, the focus expanded to the technological
architectures and underlying algorithms that enable platform
functionalities, including data management, recommendation
systems, and user interface design [7][8]. While these studies
have provided foundational insights into the operational and
economic aspects of digital platforms, they often fall short in
comprehensively addressing the intricate socio-cultural
dynamics that emerge within these ecosystems, particularly
how platforms cultivate specific innovation cultures.

Simultaneously, the concepts of collaborative innovation
and open innovation have gained prominence, emphasizing
the shift from closed, proprietary innovation models to more
distributed and participatory approaches [9][10]. Research in
this domain has explored various forms of collaboration,
including crowdsourcing, co-creation, and user innovation,
highlighting the benefits of leveraging external knowledge
and diverse perspectives [11][12]. However, much of this
literature tends to focus on the organizational or project level,
often treating digital platforms as mere tools rather than
active shapers of the collaborative process and its cultural
outcomes. There is a need for a more nuanced understanding
of how the inherent design and governance mechanisms of
digital platforms actively foster or hinder the development of
a truly collaborative innovation culture.

Furthermore, the interplay between culture and
innovation has been a long-standing subject of inquiry.
Studies have demonstrated that organizational -culture,
national culture, and even subcultures within specific
communities can significantly influence innovation capacity
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and outcomes [13][14]. In the context of digital
environments, the concept of 'digital culture' or 'online
community culture' has emerged, recognizing the unique
norms, values, and communication patterns that characterize
interactions in virtual spaces [15][16]. However, how these
digital cultures specifically evolve to support or inhibit
collaborative innovation, particularly in a causal sense,
remains an underexplored area. While some studies have
examined the impact of specific platform features on user
behavior, a holistic view of how platform engagement
contributes to a pervasive collaborative innovation culture is
still lacking.

This study distinguishes itself from existing literature by
integrating insights from these disparate fields and
addressing their limitations. Unlike studies that primarily
focus on the economic or technological aspects of platforms,
we delve into the socio-cultural consequences of platform
engagement, specifically the cultivation of a collaborative
innovation culture. Furthermore, while previous research on
collaborative innovation often describes the phenomena, we
aim to establish a causal link between platform engagement
and cultural outcomes, moving beyond mere correlation.
finally, by adopting a cross-disciplinary lens that synthesizes
perspectives from design, technology, engineering, business,
and cultural studies, we offer a more comprehensive and
nuanced understanding of innovation in the digital age. Our
approach is inspired by the co-evolutionary framework,
which has proven effective in explaining the interplay
between economic systems and social norms, and we adapt it
to the context of digital ecosystems and innovation culture.
This allows us to investigate how the unique 'market-like'
dynamics of digital platforms, characterized by open
exchange and diverse participation, might shape a 'morality-
like' system of collaborative innovation norms and values.

3. METHODOLOGY AND SYSTEM DESIGN

This study employs a multi-faceted methodological
approach to investigate the causal relationship between
digital platform engagement and collaborative innovation
culture. Our research design integrates large-scale data
collection from online communities, advanced natural
language processing (NLP) for cultural metric quantification,
and instrumental variable (IV) analysis to establish robust
causal inferences. The overarching framework is rooted in a
co-evolutionary perspective, positing that the unique socio-
technical environment of digital platforms fosters specific
cultural norms conducive to innovation.

3.1. Research Framework

Our theoretical framework extends the co-evolutionary
logic, which examined the interplay between market
exposure and human morality, to the digital realm. We
propose that digital platforms act as modern 'markets' where
'engagement' (analogous to market exposure) shapes a
'collaborative innovation culture' (analogous to human
morality). This shaping occurs through a dynamic interplay
between the platform's technological affordances and the
emergent social norms of its user community. Specifically,
we hypothesize that higher digital platform engagement
leads to a more pronounced collaborative innovation culture,
characterized by increased knowledge sharing, more open
feedback mechanisms, and greater cross-disciplinary
integration. figure 1 illustrates this conceptual framework.
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Figure 1. Conceptual Framework: From Digital Platform Engagement to Collaborative Innovation Culture

3.2.  Data Sources and Collection

To ensure the generalizability and robustness of our
findings, data were collected from three prominent online
innovation platforms that represent distinct domains of
collaborative creativity. GitHub, a leading software
development and version control platform, provides rich
information on code contributions, forks, pull requests, issue
tracking, and discussions, reflecting collaborative coding
practices. Behance, an Adobe-owned platform for creative
professionals, offers data on collaborative design, peer
feedback, and portfolio development in fields such as
graphic design and UI/UX. Thingiverse, a widely used
platform for sharing 3D-printable design files, facilitates
community-driven hardware innovation through remixing
and collaborative design.

The data were retrieved via publicly available APIs, in
full compliance with the terms of service and privacy
policies of each platform. We compiled a large-scale dataset
covering active projects and user interactions between 2020
and 2024. The dataset includes textual content such as
project descriptions, comments, narratives, and forum
discussions, which serve as the primary material for
measuring cultural dimensions. Behavioral data, including
metrics such as forks, pull requests, likes, comments,
downloads, and follower networks, provide indicators of
engagement intensity. Anonymized user metadata, including
registration dates, declared skills, and aggregated geographic
information, further enrich the dataset while ensuring the
protection of privacy.

3.3. Variable Definition and Quantification

The central independent variable is digital platform
engagement (DPE), conceptualized as a composite measure
of the intensity and breadth of user interaction. Engagement
is captured through activity frequency (such as commits,
uploads, or remixes), interaction depth (such as comments,
issue resolution, and participation in discussions), and social
connectivity (as reflected in follower and network ties). To
ensure comparability across platforms, these metrics are

normalized using standard procedures such as z-scores and
min - max scaling, and subsequently aggregated into a
single index through principal component analysis (PCA).

The dependent variable, collaborative innovation culture
(CIC), is a multidimensional construct derived from user-
generated content using NLP techniques. CIC encompasses
three dimensions. Knowledge sharing is measured through
topic modeling and keyword extraction to detect
instructional and problem-solving content such as tutorials,
guides, and best practices. Open feedback is assessed using
sentiment analysis to identify constructive criticism, iterative
problem-solving dialogues, and the ratio of issue reporting to
resolution. Cross-disciplinary integration is evaluated
through co-occurrence networks of discipline-specific terms,
capturing the extent to which projects blend concepts and
methodologies across different domains. Each dimension is
normalized and aggregated into a composite CIC index,
which reflects the overall innovation culture of projects and
communities.

To isolate the influence of engagement, we control for
several additional factors that may affect collaborative
culture. These include project size, project age, average user
experience on the platform, geographical diversity of
contributors, and platform-specific features such as built-in
communication tools or version control functionalities.

3.4.  Empirical Strategy

The empirical analysis proceeds in two stages. In the first
stage, we employ ordinary least squares (OLS) regression to
examine the relationship between digital platform
engagement and collaborative innovation culture, including
its constituent dimensions. Platform-type fixed effects are
incorporated to account for unobserved heterogeneity across
different digital communities. While this analysis provides
valuable correlational insights, it does not resolve potential
endogeneity issues such as reverse causality or omitted
variable bias.

To strengthen causal inference, the second stage employs
an instrumental variable (IV) strategy. Two instruments are
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proposed. The first is platform architecture evolution,
capturing major functional updates introduced by platform
developers that exogenously alter patterns of user
engagement. Examples include the release of GitHub
Actions or the redesign of Behance's project presentation
formats, both of which can stimulate activity independent of
cultural norms. The second instrument is user skill and
background diversity, measured through entropy-based
indices of the heterogeneity of community members'
declared expertise. Initial diversity is shaped largely by early
adoption dynamics and platform marketing strategies rather
than by the collaborative culture itself, yet it exogenously
affects engagement potential.

Using two-stage least squares (2SLS) estimation, we first
regress engagement on the instrumental and control
variables, and then use the predicted engagement values to
estimate their effect on collaborative innovation culture.
Standard diagnostic tests, including F-statistics for
instrument  strength and Hansen's J-statistic  for
overidentification, are conducted to ensure the validity of the
IV approach.

4. EXPERIMENTS AND RESULTS

Our empirical findings provide compelling evidence for
a positive causal relationship between digital platform

TABLE L.
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engagement and the emergence of a collaborative innovation
culture. This section delves into the interpretation of these
results, discusses the underlying mechanisms, situates our
findings within the broader academic discourse, and explores
the theoretical and practical implications, as well as the
limitations of our study.

4.1.  Descriptive Statistics

Following the methodological framework outlined above,
we conducted a series of empirical analyses to examine the
relationship between digital platform engagement and
collaborative innovation culture. The final dataset comprises
a large and diverse collection of projects and user
interactions from GitHub, Behance, and Thingiverse,
covering the period from January 2020 to December 2024.
Table 1 summarizes the descriptive statistics. The dataset
includes 10,000 projects in total, providing extensive
coverage across domains of software development, creative
design, and hardware innovation. Both engagement and
cultural indices display considerable variation, as indicated
by the high standard deviations, suggesting significant
heterogeneity across projects and communities. Such
diversity is critical for identifying meaningful relationships
between engagement and cultural outcomes.

DESCRIPTIVE STATISTICS OF THE DATASET

GitHub
(N=5000 projects)

Metric Behance

(N=3000 projects)

Thingiverse Total
(N=2000 projects) (N=10000 projects)

Digital Platform Engagement (DPE) Index

Mean 0.52 0.48
Std. Dev. 0.21 0.18
Min 0.05 0.03
Max 0.98 0.95
Collaborative Innovation Culture (CIC) Index

Mean 0.65 0.60
Std. Dev. 0.15 0.12
Min 0.10 0.08
Max 0.99 0.97
Knowledge Sharing (KS) Score

Mean 0.70 0.62
Std. Dev. 0.18 0.15
Open Feedback (OF) Score

Mean 0.68 0.65
Std. Dev. 0.17 0.14

Cross-Disciplinary Integration (CDI) Score

Mean 0.58 0.53
Std. Dev. 0.19 0.16
Control Variables

Project Size (Avg.

Contributors) 152 8.5
Project Age (Avg. Months) 36 28
User Experience (Avg.

Months) 48 &l

Geographical
(Shannon Index)

Diversity 238 25

0.45 0.49
0.19 0.20
0.02 0.02
0.92 0.98
0.58 0.62
0.13 0.14
0.07 0.07
0.95 0.99
0.60 0.65
0.16 0.17
0.63 0.66
0.15 0.16
0.51 0.55
0.17 0.18
6.3 11.0
24 31
35 42
23 2.6
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4.2.  Correlation Analysis

As a preliminary step, we examined the correlations
between digital platform engagement (DPE) and the three
dimensions of collaborative innovation culture (CIC),
namely knowledge sharing (KS), open feedback (OF), and
cross-disciplinary integration (CDI). The correlation matrix

DPE

KS

OF

CDI

DPE KS

presented in figure 2 reveals strong and positive associations
between DPE and each cultural dimension, lending initial
support to our hypothesis that greater engagement is linked
with stronger collaborative culture. However, correlation
does not establish causality, and these patterns may be
influenced by confounding variables, which necessitates
more rigorous econometric analysis.

1.0

0.8

0.6

-0.4

-0.2

-0.0

OF CDlI

Figure 2. Correlation Matrix between Digital Platform Engagement (DPE) and Dimensions of Collaborative Innovation Culture (CIC)

4.3.  Cross-Cultural Differences in Behavioral
Responses

To move beyond descriptive associations, we conducted
Ordinary Least Squares (OLS) regressions of CIC
dimensions on DPE, controlling for project size, project age,
user experience, geographical diversity, and platform-
specific features. The results, reported in Table 2, show that
the coefficients of DPE are consistently positive and highly

significant across all models. Even after accounting for
potential confounding factors, higher engagement is
associated with higher levels of knowledge sharing, more
constructive feedback, and greater integration across
disciplinary boundaries. These findings provide robust
correlational evidence in support of our central hypothesis.
figure 3 illustrates these relationships through partial
regression plots, which demonstrate clear upward trends
between DPE and each CIC dimension after the inclusion of
control variables.

TABLE II. OLS REGRESSION RESULTS OF DPE ON CIC DIMENSIONS

Variable Knowledge Sharing (KS) Open Feedback (OF) (CCrI(;sIs)-Disciplinary Integration
DPE 0.45 (0.02) 0.38(0.02) 0.32(0.03)

Project Size 0.05 (0.01) 0.04 (0.01) 0.03 (0.01)

Project Age 0.03 (0.01) 0.02 (0.01) 0.01 (0.01)

User Experience 0.06 (0.01) 0.05 (0.01) 0.04 (0.01)

Geographical Diversity 0.08 (0.01) 0.07 (0.01) 0.06 (0.01)

Platform Features 0.10 (0.02) 0.09 (0.02) 0.08 (0.02)

R-squared 0.65 0.60 0.55
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Figure 3. Partial Regression Plots of DPE on CIC Dimensions

4.4.  Efficacy of Engineering Intervention Strategies

While the OLS results provide strong correlational
evidence, concerns about endogeneity remain. To address
this, we implemented a two-stage least squares (2SLS)
analysis using platform architecture evolution (PAE) and
user skill and background diversity (USBD) as instruments.
The first-stage regression, summarized in Table 3, confirms
that both instruments are highly relevant predictors of DPE,
with an F-statistic well above the conventional threshold for

DPE (Residuals)

DPE (Residuals)

weak instruments. The second-stage results, reported in
Table 4, indicate that instrumented DPE exerts a positive and
statistically significant effect on all three cultural dimensions.
Importantly, the magnitude of the IV coefficients exceeds
that of the OLS estimates, suggesting that the latter may
underestimate the true causal impact due to measurement
error or omitted variable bias. figure 4 provides a visual
comparison of OLS and IV coefficients, clearly showing the
stronger causal effects captured through the IV strategy. The
Hansen's J-statistic for overidentification is not significant,
lending support to the validity of the instruments.

TABLE III. FIRST-STAGE IV REGRESSION RESULTS
Variable Coefficient (Std. Error) p-value
Platform Architecture Evolution (PAE) 0.60 (0.05) 0.000
User Skill and Background Diversity (USBD) 0.55(0.04) 0.000
Project Size 0.03 (0.01) 0.001
Project Age 0.01 (0.01) 0.050
User Experience 0.04 (0.01) 0.000
Geographical Diversity 0.06 (0.01) 0.000
Platform Features 0.08 (0.02) 0.000
1.0
OLS Coefficients
1V Coefficients

08 4

Y 06

g

S 044
02 4
0.0 -

Knowledge Sharing

Open Feedback

Cross-Disciplinary Integration

Collaborative Innovation Culture Dimensions

Figure 4. Comparison of OLS and IV Coefficients
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4.5. Robustness Checks

To ensure the reliability of our findings, we conducted a
series of robustness checks. These included employing
alternative operationalizations of DPE and CIC, running the
analyses separately for each platform, and adjusting the set
of control variables. The results remained consistent across

1.0

all specifications. A platform-specific IV analysis, visualized
in figure 5, shows that the positive causal effect of
engagement on innovation culture holds robustly for GitHub,
Behance, and Thingiverse alike, despite differences in
domain focus and user composition. This cross-platform
consistency underscores the generalizability of our findings.
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Figure 5. Platform-Specific IV Analysis Results

5. ANALYSIS AND DISCUSSION

Our empirical findings provide compelling evidence for
a positive causal relationship between digital platform
engagement and the emergence of a collaborative innovation
culture. This section delves into the interpretation of these
results, discusses the underlying mechanisms, situates our
findings within the broader academic discourse, and explores
the theoretical and practical implications, as well as the
limitations of our study.

5.1.  Interpretation of Results

The consistently positive and significant coefficients
from both our OLS and IV analyses strongly suggest that the
level of engagement within a digital platform is not merely
correlated with but is a causal driver of a more robust
collaborative innovation culture. The fact that the IV
estimates are larger than the OLS estimates is particularly
revealing. It suggests that OLS, which is susceptible to
endogeneity biases such as measurement error and reverse
causality, likely underestimates the true impact of
engagement. This finding reinforces the importance of using
rigorous causal inference methods to wunderstand the
dynamics of online communities. The results imply that as
users become more deeply involved in the platform's
activities— contributing content, interacting with peers, and
building social connections — they actively co-create a
cultural environment that values and promotes knowledge
sharing, open feedback, and the integration of diverse
expertise.

This causal link can be understood as a virtuous cycle:
higher engagement fosters a better innovation culture, which
in turn can attract and retain more engaged users. This

Behance
Platform

mmm Knowledge Sharing
B Open Feedback
B Cross-Disciplinary Integration

Thingiverse

dynamic explains the vibrant and self-sustaining nature of
successful online innovation communities. Our analysis, by
dissecting collaborative innovation culture into three distinct
dimensions, further illuminates this process. The strong
effect on knowledge sharing indicates that engaged users are
more willing to externalize their tacit knowledge and
contribute to the collective intelligence of the community.
The impact on open feedback suggests that engagement
builds a sense of psychological safety and mutual trust,
encouraging users to provide and receive constructive
criticism, which is vital for iterative improvement. The
influence on cross-disciplinary integration highlights the role
of digital platforms as melting pots of ideas, where engaged
users act as bridges between different knowledge domains,
leading to more novel and holistic innovations.

5.2.  Mechanisms of Cultural Co-evolution

Our findings support the proposed theoretical framework
of co-evolution between the platform's socio-technical
environment and the community's cultural norms. The
mechanisms driving this co-evolution are twofold:

Technological Affordances: The design and features
of the platform provide the structural foundation for
cultural development. For example, version control
systems like Git on GitHub not only facilitate parallel
development but also create a transparent history of
contributions, fostering a culture of accountability
and attribution. Similarly, features like 'remixing' on
Thingiverse or 'moodboards' on Behance lower the
barrier to entry for derivative works, promoting a
culture of open inspiration and iteration. Our
instrumental  variable,  Platform  Architecture
Evolution (PAE), directly captures this mechanism,
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showing how deliberate design choices by platform
owners can exogenously stimulate engagement and,
consequently, shape cultural trajectories.

Social Learning and Norm Formation: As users
interact with the platform's technological affordances
and with each other, they engage in a process of
social learning. They observe the behaviors of
successful or highly-regarded community members,
internalize the community's explicit and implicit rules,
and adapt their own behaviors accordingly. This
process leads to the formation and reinforcement of
shared norms. For instance, when a user's detailed
and helpful response to a query receives positive
feedback (e.g., upvotes, 'thank you' comments), it
reinforces the norm of knowledge sharing. Over time,
these individual interactions aggregate to form a
stable and recognizable collaborative innovation
culture. Our second instrument, User Skill and
Background Diversity (USBD), taps into this social
dimension, suggesting that a richer pool of human
capital at the outset provides more opportunities for
valuable interactions, accelerating the process of
social learning and norm formation.

5.3.  Comparison with Related Work

This study extends and bridges several streams of
literature. While previous research on digital platforms has
often focused on their economic or technological dimensions
[5][7], our work brings the socio-cultural aspect to the
forefront, providing a more holistic understanding of
platform ecosystems. Unlike much of the literature on
collaborative innovation, which is often descriptive or case-
based [11][12], our study offers large-scale empirical
evidence and establishes a causal relationship, adding a new
level of rigor to the field. Furthermore, by adapting the co-
evolutionary framework from studies of traditional
economies and morality [4], we provide a novel theoretical
lens for analyzing the digital world, demonstrating that
similar principles of institutional and cultural interplay are at
work in these new environments.

Our findings also resonate with theories of social capital,
which posit that networks of relationships and the norms of
reciprocity and trustworthiness that arise from them are
valuable resources [17]. In our context, digital platform
engagement can be seen as a form of social capital building,
where the resulting collaborative innovation culture is a key
dividend. Our study goes beyond simply stating this
relationship by empirically demonstrating the causal
pathway and quantifying the cultural outcomes.

5.4. Theoretical and Practical Implications

From a theoretical perspective, our study makes several
contributions. It provides strong empirical support for the
co-evolutionary perspective in the context of digital
ecosystems. It introduces a new framework for
conceptualizing and measuring collaborative innovation
culture, which can be adapted for future research. It also
demonstrates the value of applying rigorous causal inference
methods, such as IV analysis, to the study of online
communities, a field where endogeneity is a common
challenge.

Practically, our findings offer valuable insights for a
range of stakeholders:

Communities

Platform Designers and Engineers: The design of a
platform is not neutral, it has profound cultural
consequences. Designers should consciously create
features that lower the barriers to engagement and
facilitate knowledge sharing, open feedback, and
cross-disciplinary  collaboration. For example,
implementing better search and discovery tools for
expertise, designing more intuitive interfaces for
providing feedback, and creating dedicated spaces for
cross-disciplinary projects could all help to foster a
more vibrant innovation culture.

Community Managers: Understanding the link
between engagement and culture is crucial for
effective community management. Managers should
focus on strategies that increase user engagement,
such as onboarding programs for new users,
organizing community events and challenges, and
recognizing and rewarding active contributors. They
can also act as cultural stewards, explicitly
articulating and reinforcing the desired norms of
collaboration.

Innovation Leaders and Policymakers: For
organizations and governments looking to foster
innovation, our study highlights the importance of
investing in and supporting digital platforms that
cultivate collaborative cultures. This could involve
funding the development of open-source platforms,
creating policies that encourage data sharing and
interoperability, and promoting digital literacy to
enable broader participation.

5.5. Limitations and Future Research

Despite its contributions, our study has several
limitations that open avenues for future research. first, our
analysis relies on publicly available data, which may not
capture all facets of collaboration (e.g., private
communications or offline interactions). Future research
could combine our large-scale quantitative approach with
qualitative methods, such as interviews and surveys, to gain
a more fine-grained understanding of the user experience.

Second, while our NLP-based measures of culture are a
significant step forward, they are still proxies for complex
social phenomena. The context and sentiment of language
can be nuanced, and our methods may not capture all
subtleties. Future work could employ more advanced and
context-aware NLP models to further refine these measures.

Third, our instrumental variables, while carefully chosen
and validated, are not without their own assumptions. The
exclusion restriction, in particular, is difficult to prove
definitively. Future studies could seek alternative or
additional instruments to further strengthen the causal claims.
For example, quasi-experimental studies based on natural
experiments, such as the sudden shutdown of a platform or a
major policy change, could provide complementary evidence.

Finally, our study aggregates data across three different
platforms. While this enhances generalizability, it may mask
important platform-specific dynamics. Future research could
conduct more in-depth comparative studies of different
platforms, exploring how their unique architectures,
governance models, and user bases lead to different cultural
outcomes. Longitudinal studies that track the evolution of
specific communities over longer periods would also be
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invaluable in understanding the long-term dynamics of
cultural formation and change in the digital age.

6. CONCLUSION

This study has rigorously investigated the causal
relationship between digital platform engagement and the
cultivation of a collaborative innovation culture within
online communities, drawing parallels with the co-
evolutionary dynamics observed in traditional markets and
human morality. Our comprehensive analysis, leveraging
large-scale user-generated content from diverse platforms
and employing advanced NLP techniques alongside
instrumental variable analysis, provides robust evidence that
increased digital platform engagement significantly and
causally fosters a more vibrant collaborative innovation
culture. Specifically, we demonstrated that higher
engagement leads to enhanced knowledge sharing, more
effective open feedback mechanisms, and greater cross-
disciplinary integration.

Our findings contribute significantly to the understanding
of digital ecosystems as socio-technical environments that
actively shape social norms and behaviors. By extending the
co-evolutionary framework to the digital realm, we offer a
novel theoretical lens for analyzing the interplay between
technological affordances and cultural emergence.
Practically, this research provides actionable insights for
platform designers, community managers, and policymakers,
emphasizing the critical role of fostering user engagement in
cultivating thriving innovation ecosystems. As digital
platforms continue to evolve as central hubs for collective
creativity, understanding and strategically nurturing their
cultural dynamics will be paramount for unlocking their full
potential for innovation. Future research should explore
more granular behavioral mechanisms, refine cultural
measurement  techniques, and conduct long-term
comparative studies across diverse platform types to further
deepen our understanding of these complex and other
complex phenomena.
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