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SUMMARY
An ad hoc committee of the National Research Council’s (NRC’s) Board on Research Data and Information (BRDI) proposes to conduct a study on future career opportunities and educational requirements for digital curation
, including the following tasks: 

1. Identify the various practices and spectrum of skill sets that comprise digital curation, looking in particular at human versus automated tasks, both now and in the foreseeable future.
2. Examine the possible career path demands and options for professionals working in digital curation activities, and analyze the economic and social importance of these employment opportunities for the nation over time. In particular, identify and analyze the evolving roles and models of digital curation functions in research organizations, and their effects on employment opportunities and requirements.
3. Identify and assess the existing and future models for education and training in digital curation skill sets and career paths in various domains. 
4. Produce a consensus report with findings and recommendations, taking into consideration the various stakeholder groups in the digital curation community, that address items 1-3 above. 

The study will be performed in 18 months and the resulting report will be published in accordance with NRC procedures. 
Intellectual Merit of the Proposed Activity
With the continuing increase in the use of digital data technology, we face unprecedented challenges of managing what has been called an “exaflood” of data
. The promise of digital technology to afford widespread access to and use of huge amounts of data brings with it a growing need and opportunities for a workforce with a combination of skills and expertise needed to select, acquire, manage, control, provide access to, reuse, and preserve, digital data.  
As libraries, museums, businesses, government agencies, and even individuals continue to create and accumulate a wealth of electronic data, they confront new challenges in the need to effectively manage and preserve those digital resources in an ever-increasing diversity of physical and logical formats. Over the centuries, organizations such as libraries and museums have developed expertise in the curation, management, preservation, and retrieval of information contained in physical objects. These same organizations now find themselves at risk of being overwhelmed by the related, but distinctly different, challenges of performing the same functions with respect to digital data. 
Nevertheless, over the past couple of decades libraries, museums, and archives have made major shifts from the physical to electronic environments. At the same time, we have seen dramatic changes in the skill sets needed to perform the new digital curation functions well. While many research libraries and other institutions have achieved much progress in the addressing the demands of new digital technologies, there is a need to assess how successful these efforts have been, and indeed whether the types of institutions and professionals that are striving to meet these challenges are the most appropriate ones to do so. 

The relatively new information age poses novel and increasing opportunities for employment of information management professionals, but professionals who are substantially different from those in the last generation. We can foresee even more change as digital natives enter the workforce and user base with different experiences and expectations. Some of these changes may cause displacement of traditional library jobs that may be performed with greater degrees of automation.  It is thus especially worth examining where human beings are still necessary to add value in ways that machines cannot do. 
Broader Impacts of the Proposed Activity  

While we face a critical need for a workforce with the skills and expertise required for digital curation, we also confront a challenge of potentially high unemployment and structural economic dislocations. A workforce with the kinds of expertise required for digital curation may present re-training opportunities as well as new career paths for upcoming generations. Such a workforce could contribute very significantly to the economic and social progress of the nation in the context of the “knowledge economy” and “information society.” In order to best match the needs for a properly skilled workforce and the education and training requirements of that workforce for viable job and career opportunities, it makes sense to examine both sides of the problem.

BACKGROUND
Digital data are now generated in a wide variety of physical and logical formats. The process of deriving reliable knowledge and information from data in these diverse formats requires new levels of knowledge about characteristics of the data themselves. 
The term “data” as used in this proposal is meant to be broadly inclusive. In addition to digital manifestations of literature (including text, sound, still images, moving images, models, games, or simulations), it refers as well to forms of data and databases that require the assistance of computational machinery and software in order to be useful, such as various types of laboratory data including spectrographic, genomic sequencing, and electron microscopy data; observational data, such as remote sensing, geospatial, and socioeconomic data; and other forms of data either generated or compiled, by humans or machines.
Digital data can range from highly structured to unstructured forms. Extracting the desired knowledge from diverse sources requires new tools, skills, and techniques. An entirely different approach is necessary for assessing provenance, authenticity, or a definitive version of digital data than would be effective for a book, manuscript, or other physical object. Unlike the preservation of information contained on paper, preservation of the “bits” comprising digital data is only one part of what is necessary to assure that it can be retrieved and read ten or a hundred years hence. In addition to being able to accurately read the bits, it will be necessary to understand and preserve the logical structures that give meaning to the bits.

To compound this challenge, we are no longer concerned only with preserving and accessing content that is textual, static visual image, moving image, or sound. The widespread availability of computing devices that can read and manipulate raw data has led to demand for commensurate access to such data so as to permit independent validation of the results derived for a broad array of research and applications activities. Assuming that is they are made available, the effective use of data may require the assistance of professionals with sufficient expertise in the way they are structured, and also in the development and application of tools that permit researchers to manipulate and visualize the data in useful ways.  
The nation’s advanced research libraries have performed digital curation tasks since at least the early 1990s, developing an important and instructive body of practice. However, the panoply of skill sets necessary for the activities that comprise digital curation may or may not reside within any single individual.  The complexity of some necessary digital curation activities thus suggests some need for specialization. Just as we have come to recognize different specialties over the past centuries within the library world for acquisitions, cataloging, preservation, and reference experts, an even greater degree of specialization may be necessary for digital curation professionals of the future. For example, the design of digital preservation repositories may not be the appropriate activity of the same person who is capable of creating data visualization tools or the same person who creates and manages taxonomies. Similarly, the task of retraining personnel in different aspects of digital curation may best be allocated to different parts of our existing education and training infrastructure, or may possibly call for the creation of new education and training programs and modalities. At the same time, digital curation professionals need to have some interdisciplinary expertise to make them sufficiently versatile. 
Within the research sector, agencies that fund scientific research have already begun to demand data management plans as part of their grant proposals. It is likely that mandatory deposit of data generated by federally funded research will become a commonplace expectation or requirement.  In any case, the capability to manage and curate research data as well as research literature in digital form will be of increasing importance.
With the efficient allocation of research funding at stake, research institutions are struggling to meet the data management needs of their researchers with the necessary human and physical infrastructure. However, with budgets under increasing pressure, the ability of such traditional homes for data as university libraries to meet the needs of researchers cannot be presumed.  
There also may be a need to develop new institutions that specialize in providing the necessary repositories, especially for very large digital data sets. Large corporations in the information products and services sector have already begun to implement business models for providing massive data storage as a service. And all business sectors now rely on sophisticated in-house or contracted information management professionals to help them achieve greater competitiveness and market share. 

The stewardship and curation responsibilities may require new and creative means for linking the necessary domain expertise to the data management process. This suggests that new career paths may need to evolve on both the domain expertise side and on the data management business side.  Perhaps some new roles and functions will provide opportunities for career paths that will become more evident in the future. 

Consequently, the proposed study would address such questions as indicated below:

1. Identify the various practices and spectrum of skill sets that comprise digital curation, looking in particular at human versus automated tasks, both now and in the foreseeable future. (E.g., selection, acquisition, description, authentication of provenance, searching, retrieval, display/visualization, access control, preservation, reuse, determination of policy, and general management of the digital data resources.)
2. Examine the possible career path demands and options for professionals working in digital curation activities, and analyze the economic and social importance of these employment opportunities for the nation over time. In particular, identify and analyze the evolving roles and models of digital curation functions within research organizations, and their effects on employment opportunities and requirements.
a. What kinds of organizations are going to hire digital curation staff?  (E.g., libraries, museums, government agencies, and various information product and services organizations in both the public and the private sectors.)   

b. What types of digital curation jobs will be important to the nation, and why?
c. What are the different career path models and job titles used in different professional or academic disciplines, and how are they complementary? (E.g., are domain specialists trained in digital curation skills, or are information professionals and digital librarian generalists trained in domain expertise? What is the proper balance of information science or computer science skills versus domain expertise?)
d. What is the estimated current and future demand for data curation professionals? How is this likely to evolve over time?
3. Identify and assess the existing and future models for education and training in digital curation skill sets and career paths in various domains. (E.g., undergraduate/graduate degree programs, continuing education/in-service training, certification programs, distance learning, on-the-job training.)

a. Where do the education programs reside? (E.g., Schools of Information, computer science departments, or discipline departments in undergraduate and graduate schools, etc.)  Which are the most effective venues for which aspects?
b. Where do the training programs reside? (E.g, distance education courses, undergraduate programs, etc.) Again, which venues are most effective for which aspects?
c. What certification programs exist for data curation specialists? Are they useful and effective? 

d. How effective is training/education in digital curation as a degree program, certification program, or set of required courses in degree programs for other professional or academic discipline. How are they evolving?
e. What are the different education/training models used in different professional or academic disciplines? What are the interdisciplinary features and what is the appropriate balance in this area between deep and narrow expertise, on the one hand, and knowledge that is broad, on the other?
f. Is there a need for new kinds of education and training programs for digital curation? What are they, and in what kinds of institutions should they reside?
g. What is the estimated current and future demand for data curation education and training? How can the education and training functions described above be properly assessed?
   PLANNED ACTIVITIES
An ad hoc study committee composed of approximately 12 members will be appointed by the Chairman of the NRC to develop the study and to write the report. The areas of expertise required for the committee include: research policy; information policy; data center management; data curation; data analytics and mining; information technology; library and information sciences; higher education policy; digital preservation and archival sciences; metadata and controlled vocabulary development; information security; and computer/data forensics. The factors to be considered in the composition of the committee in addition to the relevant areas of expertise include geographic distribution, age, and underrepresented groups and minorities. Nominations to the committee will be sought from a number of sources. Nominees will include individuals with the range of expertise and perspectives on the issues to be included in the study.
The committee will hold four meetings, including a major three-day public workshop in 2012. The study process will include extensive coordination with the relevant units at the National Academies, and with several collaborating external organizations, as discussed further below. 

The first meeting of the study committee will be focused on a review of the research performed to date and on the planning of the subsequent activities and schedule for the study. The study committee will meet with the sponsors of the study and with other invited experts to identify the main issues and review the study plan. The study committee will also develop the plans for the workshop; develop a questionnaire for the gathering of relevant information from experts in the field; review plans for a web presence and outreach strategy; and will discuss the focus of several commissioned background papers on the issues identified in the task statement that will be prepared by experts prior to the workshop. Preliminary plans for the questionnaire are to base it on the task statement and more specific questions outlined above, and to disseminate it to the major stakeholders within the ambit of the study, including managers at the sponsor organizations, university department heads, representatives of relevant non-governmental organizations, and selected policymakers, among others.
The second meeting of the study committee will be held in conjunction with the workshop in Washington, DC. This workshop will bring together managers from the library and informatics agencies, university administrators, researchers, data and information managers and curators, workforce demographic experts, and information policy experts to discuss and develop elements of the strategy. The collaborating organizations will assist in identifying the workshop objectives, establishing an agenda for the meeting, and suggesting expert invitees. The study committee will meet for one additional day following the workshop, to discuss the results of the workshop, and to plan the final writing of the study report. The presentations from the workshop will be available on the BRDI website, with links from the other collaborating organizations as appropriate.

The third and fourth meetings will be held several months after the workshop to integrate and write elements of the report and to develop consensus conclusions and recommendations, based in large part on the results of the workshop, staff research, and the background papers. Much of the report writing and related discussions will be undertaken by committee members and staff prior to each of these meetings. Final preparation of the report will be completed as soon as possible after the final meeting. It will then be submitted for report review and for simultaneous editing. 

The report will be reviewed and published pursuant to the procedures of the National Academies. The study results will be discussed and disseminated broadly with the sponsors and relevant stakeholder groups, particularly from the government and university library and information sciences community, universities, professional societies, non-governmental and private-sector organizations, and the media.

Outreach and Communication

The study workshop and of course the report of the study will constitute a major effort toward identification of challenges and opportunities in developing a workforce capable of meeting the needs of digital libraries. 

Substantial efforts will be made to communicate information about the workshop, meetings, the questionnaire, and the results of the study via the websites of the collaborating organizations and the sponsors. Various media outlets will be targeted as well. 
With regard to the dissemination of the study results, we plan to have a sponsor briefing immediately before the release of the report, a press briefing to release the report, targeted presentations at major conferences, web and email disseminations, briefings to policymakers in the Administration and Congress as appropriate, and a public session at a Board meeting to follow up with the sponsors and community leaders regarding the recommendations of the study and their implementation.
Collaborations with Other Organizations

The project will coordinate its activities with and involve representatives of the American Library Association, the Association of Research Libraries, the Coalition for Networked Information, the American Society for Information Science and Technology, the Society of American Archivists, and other relevant groups identified by the study committee and project staff.
Reports

Any reports from this project would be available to the public and widely disseminated, without restriction, including publication on the National Academies’ website. The reports would be prepared in sufficient quantity to ensure their free distribution to the Institute of Museum and Library Services, and other sponsors and interested parties, in accordance with the National Academies policy. 

Federal Advisory Committee Act (FACA)
The Academy has developed policies and procedures to implement Section l5 of the Federal Advisory Committee Act, 5 U.S.C. App., Section 15. Section l5 includes certain requirements Regarding public access and conflicts of interest that are applicable to agreements under which the Academy, using a committee, provides advice or recommendations to a Federal agency. In accordance with its Congressional Charter and the requirements of Section 15, the Academy must provide independent, unbiased advice without actual or perceived interference or management of the outcome (findings and recommendations). Therefore, the Academy requires the right to publish all unclassified materials without any restriction over content and release, including any restriction that may require prior approval from the sponsoring agency.

Public Information about the Project

In order to afford the public greater knowledge of Academy activities and an opportunity to provide comments on those activities, the Academy may post on its Web site (http://www.national-academies.org) the following information as appropriate under its procedures:  (1) notices of meetings open to the public; (2) brief descriptions of projects; (3) Committee appointments, if any (including biographies of Committee members); (4) report information; and (5) any other pertinent information.
Estimate of Costs 

The total estimate of program costs for the project for an 18-month period, beginning 
September 1, 2011 is      .

The budget is available separately.
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� The term “digital curation” refers to a broad range of activities necessary to select, acquire, describe (apply descriptive and administrative metadata), authenticate, determine and assure provenance, search, retrieve, provide visualization of, control/provide access to, preserve, reuse, determine policy, and generally manage digital data in their many forms.  





� The term “data” is meant to be broadly inclusive.  See the elaboration on types of data under the Background section of this document.
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