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In the mist of major changes in ecological data collecting, managing and sharing, an interdisciplinary team of information, ecological,
and social scientists has been brought together at LTER PAL and CCE sites to facilitate the growth from site-based to larger-scale
federating infrastructures. While research endeavors traditionally focus either on the technical or the social aspects of information
systems design, this project addresses simultaneously the technical, social, and organizational dimensions of the development, usage,
and maintenance of large-scale information infrastructure in ecological science. Such dimensions include design methodology, change
mechanisms and interdisciplinary collaboration as well as participant engagement, articulation processes, and data stewardship.

We present the project (Comparative Interoperability Study), the research area (Infrastructure Studies), and Þndings from a case study
on the design, development and implementation processes of the Ecological Metadata Language standard in the LTER community. A
conceptual framework based on the notion of enactment from organization theory is presented to broaden the understanding of large
scale information infrastructure deployment. Initiated a decade ago, Infrastructure Studies appears to be a new and promising research
area for the digital needs emerging in the natural sciences.

What is Infrastucture Studies?
Infrastructure Studies is a social science research area that focuses on the study of infrastructure - water pipes and
digital pipes, Þre departments and help desks, power grids and e-grids, community regulations and network standards,
natural resources and computational resources, national parks and scientiÞc data repositories - from a social,
organizational and technical point of view. Infrastructure Studies draws from cross-disciplinary literatures including
Large Sociotechnical Systems, Science and Technology Studies, Computer Supported Cooperative Work,
Participatory Design, Information Science, and Social Informatics.

While the LTER program is engaged in the development of a cyberinfrastructure that will support and facilitate
synthetic science across regional and network scales, Infrastructure Studies helps by providing new understandings of
technological dynamics (from metadata standards to ontologies), organizational concerns (from site to network) and
social dimensions (from local to global).
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The Comparative Interoperability Study participants are investigating three earth science research projects  - GEON, LTER, OI - having distinct
scientific information infrastructures and deploying different approaches to data interoperability. We aim at understanding the social and
organizational dimensions of IIB, considering diverse forms of community engagement, and working with communities using an action research
approach. For this empirical sociotechnical study we make use of cross-case analysis, ethnographic tools, and participatory mechanisms.

CI P Project :  Comparat iv e I nteroperabilit y Study

What are Qualitative Methods?
Refers to the qualitative description of human social phenomena based on fieldwork to gain understanding of human arrangements and
actions. It often includes ethnographic techniques and may include grounded theory as well as other conceptual frameworks such as life
narratives or geographic in-depth interviewing. It typically involves selected small numbers of samples.
!  Emphasizes the study of the phenomena in action (in practice), e.g. a particular organization or group doing data management or
infrastructure building.
!  May include grounded theory with underlying assumptions regarding development of theory usually emerging concurrently with field
research and based on data (experiential, participative, documents) and the processes of data collection, coding and memoing.
!  Includes ethnography (from the Greek ethnos = nation and graphein = writing), using ethnographic techniques such as participant
observation and may involve interviews, collaborative design, and document analysis.
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               is a cyberinfrastructure
for the US geo-sciences aimed at providing
scientific data and resource sharing
services to a broad range of disciplines to
ensure a more integrated picture of earth
processes (Keller, 2003).

 is a federated network
of biome sites with an information
infrastructure for ecological sciences that
aims at enabling inter-disciplinary
collaboration and preserving data for the
long-term (Hobbie et al., 2003).

 is a nascent initiative for the
ocean sciences based at UCS Scripps Institution
of Oceanography that aims at providing a set of
resources including shared scientific data and a
design environment for learning, tool sharing and
participatory design (Baker et al, 2005).
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B.  Design Methodology & Change Mechanism s
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What is a Working Standard?
A working EML standard implies a maintaining of itself as a community-wide structure as well as
an adaptation of itself (to Þt diverse local needs and existing information systems) and of
information managersÕ pre-existing work practices (to comply with new structured metadata
production processes).

The viability of a working standard depends upon negotiated changes over time. That is, EML
could not operate as a standard per se within the LTER community without ongoing mutual
adjustments.

Envisioning the cycle of
Information Infrastructure Development:

C. Case Study:  Ecological Metadata Language (EML)

The Ecological Metadata Language has been adopted by the LTER community in 2001. Delays in its local
implementation at some of the sites raise important issues in terms of EML functionalities as well as the
state of community semantics and of LTER site ÔreadinessÕ for structured metadata production methods.

A Community Process working group was developed as a communication mechanism between EML
developers and LTER information managers to help in articulating both perspectives.  The diagram (below
left) prompted the beginning of a dialogue through the mediation of social scientists from the Comparative
Interoperability Project, that ended as a ‘Lessons Learned’ paper  with the 4 co-conveners as co-authors
(Millerand et al, 2005) and a new understanding of community standards development with design and
enactment as explicitly integral elements (below right).

The EML Working Group

Community Communications:
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Enactment  and Organizat ion Theory
In organization theory, the term enactment refers to the notion that when people act they bring structures and events into existence and set
them in action. Thus, organizations are better understood as Ôenacted environmentsÕ where individuals and organizations are constantly in
the process of self-formation (Weick, 1979).

Applied to technology design and development, we distinguish between ÔobjectiveÕ versus ÔenactedÕ technologies (Fountain, 2005), where
an objective technology is a set of hardware and software components versus an enacted technology is the technology as perceived,
designed or used in a speciÞc context. For example, a metadata standard is both a generic standard for the wide range of environmental
sciences and a speciÞc tool to enhance metadata production at a local laboratory.

->   From this perspective, implementing EML means
     more than doing ÔimplementationÕ work, it involves
     articulation work and enactment work.

What is Articulation Work?
Articulation work is work - often invisible or unnoticed work.
Articulation work refers to the interrelating of parts or the alignment
of work elements, often involving a range of naming, categorizing,
planning, coordinating, negotiating efforts. Four distinct dimensions
of this work are:

!  Sensitizing to ramifications of names, categories, and dichotomies
as well as communication, technology, community
!  Juggling, rebalancing and refactoring in the present
!  Aligning with legacy elements
!  Aligning over time

What is Enactment?
Enactment involves articulation work. Introducing the
enactment concept informs our understanding of community
processes such as developing working standards.
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