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ABSTRACT

Utilization of the technical literature in the complete S&T development cycle is examined.  Ready access to the results of all global research performed is required in order to:

1) Track research impacts, to help identify benefits arising from sponsored research; 2) Evaluate science and technology programs; 

3) Avoid research duplication; 4) Identify promising research directions and opportunities; 5) Perform myriad oversight tasks, and, in general, 6) Support every step of a strategic research planning/ selection/ management/ evaluation process that makes optimal use of S&T investment resources.  

In addition, recent counter-terrorism concerns have highlighted the need for ready access to, and analysis of, databases that could link people with institutions and activities.  In the S&T arena, this requires linking research performers with organizations, countries, and technical areas.  

There are five necessary conditions for ready access to, and exploitation of, the global technical literature:

1) Content

The research results need to be documented comprehensively;

2) Dissemination

The research results need to be easily available to a wide audience;

3) Extraction

High quality information extraction methods are required;

4) Utilization

The research results need to be integrated into the strategic S&T management process;

5) Motivation

The technical community needs to be motivated to use the global technical literature for planning, selection, management, review, and transition.

All five conditions have severe limitations today.  These limitations are described, and recommendations for overcoming them are presented.

INTRODUCTION

National investment in science and technology (S&T) averages hundreds of billions of dollars annually, and international investment is approaching a trillion dollars.  The key to efficient use of these large expenditures is a coherent S&T investment strategy.  One necessary condition for an efficient investment strategy is maximum awareness of global S&T that has been conducted, is being conducted, and is being planned.  Such awareness of research plans and products will allow coordinated planning, leveraging, avoidance of duplication, cross-discipline transfer of insights, and will therefore provide the maximum acceleration of research progress.  Central to obtaining this global S&T awareness is optimal utilization of a comprehensive technical literature.

For the past two decades, I have made intensive use of the global technical literature, both to support research evaluation and develop information extraction techniques (1-13).  I have come to the conclusion that proper use of the technical literature could enhance all components of the S&T development cycle, from planning to management to oversight.  The technical literature is the foundation of a bridge that connects the isolated research disciplines, and allows maximum communication among the disciplines.  However, I also conclude that the present technical literature has intrinsic content deficiencies, poor dissemination, gross under-utilization, and weak integration into the S&T development cycle when utilized.  As a result, all the knowledge produced by the global S&T enterprise is not being used efficiently as a foundation for future research progress. 

This paper addresses the role of the technical literature in the complete S&T development cycle.  It identifies structural and utilization deficiencies in the technical literature, shows their contribution to lack of awareness of the global S&T literature, and relates the impact of the lack of global S&T awareness on the S&T investment strategy.  This paper provides some recommendations for correcting these literature content and utilization deficiencies, but recognizes that serious implementation of these recommendations would require agreements at the international level, because of the intrinsic global nature of the technical literature. 

ROLE OF TECHNICAL LITERATURE IN S&T DEVELOPMENT CYCLE

The main supporter of domestic research (especially fundamental research) is the Federal government, and the main supporters of most global research are the respective sovereign governments.  These governments need ready access to the results of all global research performed in order to:

1) Track research impacts, to help identify benefits arising from sponsored research; 

2) Evaluate science and technology programs; 

3) Avoid research duplication; 

4) Identify promising research directions and opportunities;

5) Perform myriad oversight tasks, and, in general,

6) Support every step of a strategic research planning/ selection/ management/ evaluation process that makes optimal use of S&T investment resources.  

In addition, recent counter-terrorism concerns have highlighted the need for ready access to, and analysis of, databases that could link people with institutions and activities.  In the S&T arena, this requires linking research performers with organizations, countries, and technical areas.  

DEFICIENCIES IN TECHNICAL LITERATURE CONTENT AND UTILIZATION

There are five necessary conditions for ready access to, and exploitation of, the global technical literature:

1) Content

The research results need to be documented comprehensively;

2) Dissemination

The research results need to be easily available to a wide audience;

3) Extraction

High quality information extraction methods are required;

4) Utilization

The research results need to be integrated into the strategic S&T management process;

5) Motivation

The technical community needs to be motivated to use the global technical literature for planning, selection, management, review, and transition.

All five conditions have severe limitations today.

I-Content

Paradoxically, the technical literature is growing at an expanding rate, while only a small fraction of research performed ever gets documented (14).   Essentially, there are many more disincentives for documentation than incentives (e.g., classification, proprietary, competition, time away from performing research, not advertising mistakes).  Most documentation comes from one small segment of the academic community.  Of this documentation, only a small fraction reaches the peer-reviewed published literature, for the same reason of disincentive/ incentive imbalance.  

II-Dissemination

Of these publications in the peer-reviewed literature, only a small fraction reaches the large widely accessible databases, such as the Science Citation Index (SCI) or Engineering Compendex (EC).  Here, the inclusion decisions appear to be made by the database developers, probably for economic/ financial reasons.  Yet, none of the research-sponsoring governments, including our own, appear to have control over the contents of, or interfaces with, these large S&T databases.  Basically, the Federal government is footing the bill for the research that makes these large databases useful tools, but we are at the mercy of the database developers in terms of addressing our needs for database contents and operational requirements.  We are heavy on data generation and light on data dissemination.  The Appendix discusses some of the specific database content and access problems in more detail.

III-Extraction

Of the information in the large databases, only a small fraction ever reaches the user.  There are two main reasons for this.  First, physical access to the large databases can be difficult for the majority of potential users.  Many people don't even know about the existence or the contents of these databases.  The databases are expensive.  The interfaces are different for each database, and some more difficult to use than others.

Second, almost no one in the technical community is familiar with information extraction and analysis techniques.  Even for those who are familiar with existing techniques, high quality information extraction techniques are not available.  Most of the funding for, and work on, information extraction has focused on algorithm and software development, as opposed to process development.    Consequently, there exists much software, but few credible extraction processes in which the software is imbedded.  Information extraction process development appears to have fallen through the cracks!  Existing extraction processes are heavy on data and light on information.

IV-Utilization

Maximum impact from use of the technical literature results requires seamless integration with the strategic S&T management process.  Yet, the decision aids into which the technical literature information is incorporated tend to be deployed on an ad hoc basis.  Metrics, peer review, roadmaps, data and text mining, all of which depend heavily on inputs from the global technical literature, are rarely a seamless component of the strategic S&T management process.  As a result, the S&T management process becomes tactical, driven by operational data.  The sequence becomes Data ---> Metrics ---> Objectives, where the objectives of research evaluation are driven by the operational data available.  This is in contradistinction to strategic S&T management, where the management sequence is Objectives ---> Metrics ---> Data, and the research evaluation objectives drive the data required.  Proper investment strategy requires the latter approach, where the mission drives the investment as well as the data required to populate the metrics.  Thus, insufficient use of the technical literature in the S&T planning cycle converts the investment strategy from top-down driven to bottom-up driven, and converts planned strategic management to ad hoc tactical management.

V-Motivation

Because of the above intrinsic technical literature database limitations, and the consequent impact on quality of results obtained from existing technical literature analyses, there is little motivation for potential users at all levels to use the database sources during their research planning/ selection/ management/ review/ oversight activities.  

RECOMMENDATIONS

In the near term, a workshop of leading international information technologists and technology development managers should address the proper role of the technical literature in the full S&T development cycle, and ways to overcome the deficiencies in both the content and deployment of the technical literature.  Following this, a meeting of parallel international technology development and oversight agencies should be convened, to gain agreement that the problem can be solved only with the cooperation of the international community.

A two pronged approach should then be followed.  Since government management of these large S&T databases is not realistic presently, funds, along with requirements, should be provided to the database developers to upgrade the databases' contents.  In parallel, guidance should be provided to the governmental agencies on proper integration of these technical literature databases with their strategic research management.  Additionally, incentives and mandates should be provided to all participants in the S&T development cycle, to encourage greater use of the technical literature for research planning, selection, conduction, management, review, transition, and oversight.

The top-down requirements to the database developers will in turn flow down to their information sources.  The journals and other sources will be required to modify their operating procedures, especially in requiring extra inputs from authors, in order to conform to the database inputting requirements.  However, since wide exposure is the target and lifeblood of most journals, there should be little problem in gaining their cooperation if they wish to be accessed by the leading databases.  Similarly, wide exposure is the goal of most authors, and one main avenue is publication in the peer-reviewed literature.  There should be little problem in gaining the authors' cooperation if they wish to be published.

A final note on this point.  Some researchers have complained that constraints on Abstract contents and possibly on paper or report contents could limit creativity.  I believe that creativity and reporting requirements are separate issues.  Maximum creativity should be exercised in the performance of the research, including writing of the papers or reports.  Abstracts and other additional fields play a vital communications role, especially for non-experts in the particular research discipline.  Requiring additional fields, or enhancement of the Abstract field, has nothing to do with restricting creativity, and everything to do with enhancing transparency and communication. 
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APPENDIX - TECHNICAL LITERATURE DATABASE PROBLEMS

The large most widely used technical literature databases (e.g., SCI, EC, Medline) contain records from a variety of journals, conferences, workshops, and organization reports.  Any of these large technical literature databases can be characterized by a number of objective parameters.  These include, but are certainly not limited to:

1) Number of sources accessed (e.g., number of journals, number of conferences), 

2) Time frame of source publications, 

5) Fields available (e.g., title, author, abstract),

6) Fields entered,

7) Quality of entries,

8) Search engine capabilities,

9) Search engine interface,

10) Search engine download capabilities.

Each of the parameters listed above differs, in varying degrees, for the different large databases.  Some of the difference is due to difference in technical focus, such as the SCI's focus on basic research, EC's focus on applied research and technology, and Medline's focus on medicine.  Much of the difference is due to specific database developer interests and motivations.  Alignment of the capabilities provided by these databases with user needs, especially those of the main S&T government sponsors, appears to be serendipitous rather than the result of joint planning.  Changes in database capabilities can be arbitrarily made by the developer, in some cases degrading the capabilities of the database, and the user has no influence on this direction.

Some of the issues associated with the above parameters include:

1) Number of sources accessed (e.g., number of journals, number of conferences)

While the leading journals are represented in the major databases, many more could be added.  The Web version of the SCI, for example, accesses 5600 journals presently.  While this appears comprehensive, there are many good technical journals that are excluded.  Many more credible journals could and should be added.  Journals that contain high quality technical information of particular interest to the intelligence community, for example, are not necessarily those cited most highly.  There is little motivation to advertise those technical studies that straddle the gray area between classified and unclassified in the high circulation global literature.  In addition, technology journals should be added, so that better research-technology linkages could be obtained from the text.  This could provide database users a better idea of the potential applications resulting from specific research areas.  A development target should be to determine the realistic limits to number of journals accessed, and incorporate as many of these as is possible.

2) Time frame of source publications

All these databases have different starting points in time for their records.  Especially for studies that cross different technical disciplines and development categories, it would be valuable to have some consistency of starting points.  For studies such as literature-based discovery, it is imperative to insure that potential discovery concepts have not been addressed in the technical literature previously (prior art).  In these cases, earlier literatures are extremely valuable.

3) Fields available (e.g., title, author, abstract)

While some fields are common among the databases, not all are common.  For example, the SCI does not contain a field with sponsor information.  This deficiency becomes very important when an organization is attempting to ascertain the impact of its research from the literature.  Also, there is not a comprehensive taxonomy structure in the SCI, parallel to the MESH capability contained in Medline.  The closest field in SCI is Keywords Plus.  It does not have the breadth or structure of MESH, it is not always populated, and its quality varies considerably.

4) Fields entered

Even though space is reserved for specific fields in the different databases, not all fields have entries.  For example, I have been conducting a literature-based discovery study using Medline.  My focus has been on records from the mid-early 1980s.  Even though an Abstract field exists for those records, perhaps 30-40% of the records don't have Abstracts.  In the SCI, Abstracts were not included until 1991.  For many types of studies, especially those based on modern-day information technology techniques, records without Abstracts are essentially records missing!  Proper database management would require that all fields be entered before the record could be accepted for the database.

5) Quality of entries

There is substantial variation in the quality of data entered.  I have read thousands of Abstracts from different disciplines in the different databases.  Some are accurate and informative.  Many have substantial spelling and grammatical errors, introduced in the conversion from original source data.  Especially for the Abstracts, there is a wide variation in the content.  Some journals, like many from the medical literature, require Structured Abstracts (15).  These include canonical criteria that must be addressed before the source paper can be published, and they tend to be very informative for readers from other technical disciplines.  Other Abstracts have no structure requirements, and many of these are essentially useless.  There have been four International Congresses on Peer Review in Biomedical Publication (http://www.ama-assn.org/public/peer/peerhome.htm) that have addressed the relationship between enhanced peer review quality and improved paper content.  Some of the results of these conferences could be implemented for improved paper content.  Proper database management would require criteria for the major fields that would have to be addressed before the record could be included in the database. 

6) Search engine capabilities

Search engine capabilities differ widely among the databases.  Some search engines, such as Medline's OVID, have adjacency searching (e.g., word A within five words of word B), while others don't.  Some, such as Medline's PubMed, can't do phrase searching, unless the phrase is on some pre-determined list.  Some search engines can retrieve records from multiple fields using the OR boolean operator.  Others can only retrieve records from multiple fields using the AND operator, a much more restrictive condition.  A development target should be that all the major databases have uniform state-of-the-art search engine capabilities.

7) Search engine interface

All the search engines have different user interfaces, of widely varying quality and ease.  For the occasional search engine user, this is a major obstacle, analogous to having to learn a new language whenever a different database is used.  A development target should be uniformity of user interfaces among search engines, using state-of-the-art capabilities.

8) Search engine download capabilities

All the search engines have different download capabilities, with different levels of ease and quality.  For example, PubMed can download 10000 records at a time, while OVID can download 200 max.  A development target should be uniformity of download capability at the highest end.

The above are only a few of the existing problems, and improvements possible, with the large scale technical literature databases.  Many more improvements would be surfaced at an initial meeting of government users, and others involved in the data generation and use cycle.  I have heard Congressional hearings where databases to support counter-terrorism have been proposed (e.g., INS, FBI, etc), and the proposals have been received very enthusiastically.  I believe there is a new attitude in the country for expansion and enhancement of databases that could, as part of their function, support Federal security functions.  
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