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This dissertation investigates how Communities of Practice (CoPs) shape the adoption and
adaptation of cyberinfrastructure (CI) and artificial intelligence (AI) within National Science
Foundation-funded Big Science Organizations, including Major Facilities (MFs) and Mid-Scale
Research Infrastructures (MSRIs). Despite substantial investments in CI to support
data-intensive and collaborative science, adoption and use remain uneven. Formal
implementation plans may coexist with underused systems, informal workarounds, and persistent
technical and organizational coordination challenges.

Drawing on Everett Rogers’ Diffusion of Innovations (DOI) theory and Etienne Wenger’s
Communities of Practice framework, the study conceptualizes CI and Al adoption as multilevel,
communicative, and community-driven processes. Rather than treating adoption as a discrete
organizational decision, it examines how informal knowledge-sharing networks, formal
governance structures, and everyday practices interact to shape adoption and adaptation
decisions, perceptions of risk and uncertainty, and the integration of technologies into scientific
work.

The dissertation addresses three research questions:

RQ1: How do CoPs influence the adoption and adaptation of CI and Al within research
infrastructures?

RQ2: What technical and organizational challenges emerge during the adoption and adaptation
of CI and Al in research infrastructures, and how do CoPs help define, understand, address, or
overcome these challenges?

RQ3: How do research infrastructures define CI readiness and Al readiness for science, and how
do these understandings shape scientific workflows and practices within RIs and CoPs?

The study employs a qualitative, multi-site ethnographic research design that combines
participant observation and semi-structured interviews across NSF-funded research infrastructure
settings. To date, 11 days of participant observation aboard the NSF-supported research vessel
have generated approximately 80 pages of fieldnotes documenting CI coordination,
troubleshooting, training, technology use, and everyday collaborative practices. The project also
includes 50 in-depth interviews with scientists, engineers, data managers, administrators, and
other professionals involved in CI and Al-related decisions and practices.

Data analysis uses a constructivist grounded theory approach to identify recurring concepts,
practices, interactions, and processes across organizational settings. Analysis focuses on how
participants make sense of new technologies, how knowledge circulates through formal and
informal communities, how technical and organizational challenges are negotiated, and how
adoption, adaptation, non-adoption, and readiness emerge through everyday organizational



practice. Comparing experiences across research infrastructures also allows the study to identify
common patterns as well as differences shaped by organizational context, governance structures,
technical environments, and community practices.

Preliminary findings suggest that Communities of Practice function as critical, yet often less
visible, social infrastructures for technology adoption and adaptation. CoPs can reduce
uncertainty, facilitate tacit knowledge exchange, and build relational trust across disciplinary and
organizational boundaries. Emerging findings also suggest that adoption depends not only on
formal governance decisions but on how those decisions interact with community-developed
practices, local expertise, and everyday work. In the context of Al, CoPs appear to shape how Al
readiness is understood, how potential risks and benefits are interpreted, and whether and how
emerging Al tools become incorporated into scientific workflows.

The dissertation contributes to diffusion scholarship by integrating Communities of Practice into
the study of technological adoption and adaptation, demonstrating how informal social structures
mediate innovation trajectories in complex scientific organizations. It also contributes to research
on cyberinfrastructure by showing how adoption is shaped not simply by technical capability or
formal organizational decisions, but by communication, shared practice, trust, knowledge
exchange, and collective problem-solving. By examining Al alongside established forms of
cyberinfrastructure, the study further explores how scientific organizations and their
communities interpret and prepare for emerging technological change.

Practically, the findings offer insights for NSF-funded research infrastructures, intermediary
organizations, and policymakers seeking to develop more community-informed approaches to CI
governance, Al adoption, organizational readiness, training, and workforce development.
Beyond Big Science, the findings may also inform understanding of technological change in
other complex, high-stakes organizational settings. By centering communication, community,
and everyday practice in infrastructure adoption, this research highlights the social and
organizational foundations of technological adaptation and readiness.



