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10 Keys to Success


Be practical.


Use appropriate information technology.


Start at the right scale.


Proceed incrementally.


Plan for and build on success.


Use a collaborative approach.


Account for human behavior and motivation.


Consider needs of participants as well as users.


Create common needs for data.

Build participation by demonstrating the value of data interfacing. 

1.0. Project Planning

1.1.  Create ownership - Involve scientists from all disciplines (jurisdictions?) in shared decision making in order to minimize discipline (jurisdiction?)-related turf battles.  Create structures such as workshops, conferences, and shared field programs, that will promote cross-discipline (cross-jurisdiction?) working relationships.  In the planning of any interdisciplinary research program, as much consideration should be given to organizational and institutional issues as to technical issues.  Every effort should be made to minimize the likelihood of misunderstandings, conflicts, and rivalries by establishing interorganizational relationships and procedures, creating effective reward structures, and creating new functions that explicitly support data interfacing.   e.g.,  The CLC and funding agencies should encourage that wherever possible ownership of an interagency  database shall be invested in the management committees of the Great Lakes Fishery Commission.  Where more formality is required, ownership committee-sponsored databases might be invested with the Commission, a formal entity, “in right of _____ Committee.” 

1.2. Partner with data managers - Data managers need to a part of the conceptual team from the beginning of the project and have equal status with principal investigators … state-of-the-practice data management can provide immediate and lon-lasting benefits to scientists, particularly those engaged in interdisciplinary (interjurisdictional?) research.  e.g., The CLC and funding agencies should encourage greater involvement of data managers as well as biologists in initial planning.

1.3. Evaluate appropriateness of database approach - Establish whether a database approach is appropriate  e.g., Management committees are urged to consider whether management or research use or historical value of an interagency is sufficient that upkeep and maintenance is assured.

1.4. Specify objectives and users -  Specify project objectives and potential end users.  Build the program around simple, yet challenging questions that cut across disciplinary and  jurisdictional boundaries and foster a shared purpose among program scientists.  Create an explicit interdisciplinary and interjurisdictional focus by framing research questions so that each discipline requires data from other disciplines to achieve its goals.  Project scientists and data managers should adopt the view that one of their primary responsibilities is the creation of long-lasting data and information resources for the broad research community.  Data management systems and practices, particularly the development of metadata, should be designed to balance the needs of this larger user community with those of project scientists.  e.g. The CLC and funding agencies should encourage databases for meeting specific management committee needs as well as for other users, such as researchers, allied environmental agencies etc..

1.5. Identify data sources and systems --  Identify potential sources of data and the systems used for data storage.  In the planning for interdisciplinary research, careful thought should be given to the implications of different inherent spatial and temporal scales and the processes they represent.  These should be discussed explicitly in project planning documents.  The methods used to accommodate or match inherent scales in different data types in any attempts to facilitate modeling and analysis should be carefully evaluated for their potential to produce artificial patterns and correlations.  Agencies that perform or support environmental research and assessment generally …  (or on a large system) … should identify and define key ecological data sets that do not exist but are important to their mission.  A careful review should be made of options for finding, rescuing, or creating these crucial data, and funding should be set aside to implement the most feasible option (s).  e.g. The CLC should identify monitoring programs and databases needed for fish assessment and management.
1.6. Identify volume and types of data -  Estimate the volume and types of data to be handled. 

1.7. Keep it simple, flexible, and adaptable - Keep the program’s guiding principles simple, both scientifically and organizationally, in order to maximize the flexibility and adaptability needed to pursue interdisciplinary or interjurisdictional problems.  

1.8.  Consider alternative database designs - Consider alternative database designs (consolidated vs. distributed, synoptic vs. perpetual entry).

1.9.  Plan timetables, resource requirements and costs - Schedule the project and estimate resource requirements and costs, including software and hardware, and maintenance and administration after the database is developed.  All proposed data management and interfacing methods should be weighed carefully in terms of their ability to deal with large volumes of data.  Assumptions that existing methods will continue to be suitable should be treated with caution. 

2.0. Data Acquisition

2.1.  Consult resources on integrating data from diverse sources 

2.2.  Reward and encourage data sharing - Professional societies, research institutions, and funding and management agencies should re-evaluate their reward systems in order to give deserved peer recognition to scientists and data managers for their contributions to interdisciplinary research.  Granting and funding agencies as well as program managers and university administrators, should provide tangible incentives to motivate scientists to participate actively in data management and data interfacing activities.  Such incentives should extend to favorable consideration of those activities in performance reviews, including treating the production of value-added data sets as analogous to scientific publications.   e.g., The Convention directs the Great Lakes Fishery Commission to ‘publish’ and fishery agencies signatory to A Joint Strategic Plan for Management of Great Lakes Fisheries have agreed to make their data available to one another and to regularly report on the state of the lake and to develop models.

2.3. Minimize bureaucratic barriers and maximize policy relevance - Keep the participating institutions’ formal responsibilities clear and uncluttered and keep bureaucracy to an absolute minimum.  These precautions will assist in data interfacing, because resolving interfacing problems often requires cutting across organizational or bureaucratic boundaries. Because organizational missions and reward systems inherently reflect a larger policy context, relevant policy issues should be included in the planning for interdisciplinary research.  This should be accomplished in part through open communications between project scientists and appropriate policy makers that continues throughout the life of the project.  Such communication will help provide a basis for developing cooperative arrangements between collaborating institutions that will provide strong incentives for and reduce barriers for sharing data.   e.g., The CLC or the CGLFA should develop a model agreement or process for sharing and pooling data under A Joint Strategic Plan. 

2.4. Focus standardization efforts on key parameters - Efforts to establish data standards should focus on a key subset of common parameters whose standardization would most facilitate data interfacing.  Where possible, such standardization should be addressed in the initial planning and design phases of interdisciplinary research.  Early attention to integrative modeling can help identify key incompatibilities.  The data requirements, data characteristics and quality, and scales of measurement and sampling should be well defined at the outset.   e.g., The CLC, with the assistance of the GLFC and in coordination with environmental agencies, should identify parameters key to interlake and interdisciplinary analysis and establish standards for same.

2.5 Acquire data and metadata -  Acquire data and corresponding documentation (metadata). Emphasize the importance of data quality as a key prerequisite for successful data interfacing and productive interdisciplinary (interjurisdictional?) research.  Metadata should explicitly describe all preliminary processing associated with each data set along with its underlying scientific purpose and its effect on the suitability of the data of the data for various purposes.  Further, metadata also should describe and quantify to the extent feasible the statistical uncertainty resulting from each processing step.  Planning for studies that involve interfacing should explicitly consider the effects of preliminary processing on the utility of the resultant integrated data set(s).   e.g., Metadata should be collected and posted in a central repository.  
3.0.  Database Design and Implementation

3.1. Seek expert advice on database design -  Collaborate with an experienced database developer, if possible.  Consult resources on designing databases, otherwise.  Coordinate sampling and measurement designs across disciplines (jurisdictions?) to reflect a few simple and clear criteria that will support interfacing. e.g., To maximize interlake and cross-disciplinary utility, the CLC should provide for review of proposals by individuals familiar with current and future lake databases. Encourage reviewers to develop set of interfacing criteria for proponents’ attention.

3.2. Review project objectives and resource requirements 

3.3.  Design to objectives and interfacing requirements - Design the database in light of project objectives and avoid adopting example or inherited designs.  

3.4. Establish procedures to ensure data quality and database integrity 

3.5.  Test and revise - Test the design and revise accordingly.  Hardware / software system development efforts should be based on a model that includes ongoing interaction with users as an integral part of the design process.  In addition, system designers should work from the assumption that systems will never be finished, but will continues to evolve along with data collected and users’ needs.  Designers therefore should use, to the greatest extent possible, modern database development approaches such as rapid prototyping, modular systems design, and object-oriented programming, which enhance system adaptability.  

3.6. Implement the database design using selected software and hardware 

3.7. Develop metadata - Develop the corresponding metadata.  The production of detailed metadata should be a mandatory requirement of every study whose data might be used for interdisciplinary research.  Metadata should be treated with the seriousness of a peer-reviewed publication and should include, at a minimum, a description of the data themselves, the study design, and data collection protocols, any quality control procedures, any preliminary processing, derivation, extrapolation, or estimation procedures, the use of professional judgment, quirks or peculiarities in the data, and an assessment of features of the data that would constrain their use for certain purposes.  Metadata should contain enough information to enable users who are not intimately familiar with the data to backtrack to earlier versions of the data so that they can perform their own processing or derivation as needed.  Where stand-alone documentation is not adequate (for large and complex dta sets or where multiple users are simultaneously updating and modifying data), data managers should investigate the feasibility of incorporating an audit trail into the data themselves.   e.g., The CLC should provide examples or models for metadata and for incorporating audit trail into the data.

4.0.  Database Administration

4.1 Identify an database administrator - Identify a database administrator, if not done in 1.  The agencies involved in supporting and carrying out interdisciplinary research should investigate the possibility of establishing one or more ecosystem data and information centers to facilitate the exchange of data and access to data, help improve and maintain the quality of valuable data sets, and provide value-added services.  A model for such a center is the Carbon Dioxide Information Analysis Center at Oak Ridge National Laboratory.  In addition, it would be wise to look closely at the potential synergism between any new ecosystem data and information analysis center and all other existing environmental data centers.  e.g., Small databases may be administered on an equitable basis by local offices of member agencies.  Larger or interlake databases should be administered by agencies with responsibility for more than one lake, perhaps under some system of remuneration.  Metadata should always be posted in a (to-be-determined) central repository. 

4.2. Review interoperability of technology - Project managers, project scientists, and data managers should review the interoperability of their hardware, software, and data management technologies to facilitate locating, retrieving, and working with data across several disciplines.  However, this effort should be accompanied by parallel attempts to resolve inherent incompatibilities among data types that can thwart interfacing even when state-of-the-art hardware and software systems are seamlessly connected.  e.g., Programs for converting or standardizing data should be posted in a central place for general use, e.g., place names, lot numbers.

4.3. Plan for longterm maintenance of data - Longterm retention and maintenance of environmental data.  Funding agencies should provide  guidelines that define the requirements for preparing data sets for log-term archiving. Educational and research institutions should be encouraged to incorporate strong data management and archival activities into every interdisciplinary project and should allocate sufficient funding to accomplish these functions.  Professional recognition should be given to principal investigators and project data managers who perform these functions well.   In general, the presumption in environmental research should be that “data worth collecting are worth saving.”  Funding agencies therefore should consider stipulating that all research applicants include in their research plans well-conceived and adequately funded arrangements for data management and for the ultimate disposition of their data.  While it is impossible to establish universal guidelines for funding, the (NRC) committee’s investigations suggest that setting aside 10 percent of the total project cost for data management would not be unreasonable.  These cost estimates should include adequate funds for preparing thorough metadata that serve the needs of all potential users.  In order for these requirements to be fully effective, however, the agencies must adequately support active archives and longterm data repositories. e.g., The CLC and funding agencies should require written plans for archiving data. 
4.4 Develop policies on database administration and data sharing - Develop policies on database administration and data sharing, if not done in 1.  In order to encourage interdisciplinary research and to make data available as quickly as possibly to all researchers, specific guidelines should be established for when and under what conditions data will be made available to users other than those who collected them.  Such guidelines are particularly important when data collectors, data managers and other users are in different organizations.  In addition, adequate rewards should be established by the funders of research and publishers to motivate principal investigators to place all data in the public domain.  e.g., Data will be shared freely among signatory agencies per A Joint Strategic Plan.  Decisions on outside access and publications will be by consensus of the sponsoring management committee and by designated representatives of any other contributing agencies. Data collected with taxpayer dollars should be in the public domain except for reasons of privacy, natural resource protection (e.g., nesting sites of an endangered species), or public safety.

5. 0. Data Analysis

5.1. Revisit project objectives. 

5.2. Consult general guidelines for interrogating databases. 

5.3. Consult resources on statistical analysis of heterogeneous data 

5.4. Conduct analyses as per project plan. 

5.5. Test preconceptions regarding criteria for data selection. 

