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PREFACE v

PREFACE

This report originated from a letter sent in May 1979 by Professor Melvin
Reder of the University of Chicago School of Business to the executive director
of the Committee on National Statistics (CNSTAT). Professor Reder proposed a
conference on the sharing of social science research data to examine and discuss
the conflicting pressures affecting researchers regarding the disclosure to others
of data and preliminary analyses.

Such a conference, chaired by Clifford Hildreth, was held in October 1979.
The participants raised many points and recommended further work by
CNSTAT. The committee expresses its thanks and appreciation to the
participants, who are listed in the appendix to this volume. In response to the
conference recommendation, the Sloan Foundation provided the committee
with a grant to work toward the development and dissemination of guidelines
for the sharing of scientific data, and the System Development Foundation
provided a further grant for work on this report. The study was also supported
by a consortium of federal agencies that provide funding for the general
activities of CNSTAT.

A subcommittee of CNSTAT members was appointed to oversee the
project; it was responsible for obtaining and reviewing commissioned papers,
developing a set of guidelines for sharing data, and preparing this report for the
committee. Although some of their terms of appointment on the full committee
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PREFACE vi

expired, all subcommittee members continued to serve throughout the study.

We were fortunate to obtain the services and cooperation of several
scholars who prepared papers following a general outline developed by the sub-
committee. The commissioned papers are Part II of this volume and represent
different vantage points on the issues of data sharing. The sub committee is
especially appreciative of the detailed materials and suggestions contained in
these papers and has relied heavily on them in formulating and structuring the
discussion of the costs and benefits of data sharing as well as in developing its
recommendations.

The first paper, prepared at the Inter-university Consortium for Political
and Social Research at the University of Michigan by Jerome M. Clubb with
coauthors Erik W. Austin, Carolyn L. Geda, and Michael W. Traugott, deals
primarily with large social science data sets. The other four papers deal with the
advantages and disadvantages of data sharing more broadly. The paper by
Robert F. Boruch of the Department of Psychology at Northwestern University
describes products of data sharing. The paper by Terry E. Hedrick of the
Institute for Program Evaluation of the U.S. General Accounting Office
discusses justifications for and obstacles to data sharing. The paper by Joe
Shelby Cecil of the Federal Judicial Center and Eugene Griffin of Northwestern
University discusses legal issues relevant to data sharing and provides an
important analysis of current pertinent law. And the paper by Robert F. Boruch
and David S. Cordray of the Department of Psychology at Northwestern
University suggests professional codes and guidelines for data sharing.

Margaret E. Martin and Miron L. Straf served as staff of the subcommittee
and coeditors of this report. Lenore Bixby prepared a report of the early
conference that led to the development of this study. Eugenia Grohman
contributed greatly in editing our manuscript and guiding it toward publication.
Valuable assistance was provided by Roberta Pirosko in bibliographic work and
in typing and by Diane Goldman in proofreading and manuscript preparation.
Using the computer for word processing, telecommunications, and typesetting,
Lee R. Paulson prepared many versions of our manuscript; she also provided
bibliographic and other research assistance. Reviewers and many others offered
valuable comments and suggestions for our report. To all who have worked
with us or otherwise contributed, we are very grateful.

The committee views this report as an initial examination of some of the
issues of data sharing, on which readers are invited to comment.

STEPHEN E. FIENBERG, CHAIR

COMMITTEE ON NATIONAL STATISTICS
May 27, 1985
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ISSUES AND RECOMMENDATIONS 3

Issues and Recommendations

INTRODUCTION

Data are the building blocks of empirical research, whether in the
behavioral, social, biological, or physical sciences. To understand fully and
extend the work of others, researchers often require access to the data on which
that work is based. Yet many members of the scientific community are reluctant
or unwilling to share their data even after publication of analyses of them.
Sometimes this unwillingness results from the conditions under which data
were gathered; sometimes it results from a desire to carry out further analyses
before others do; and sometimes it results from the anticipated costs, in time or
money or both.

The Committee on National Statistics believes that sharing scientific data
with colleagues reinforces the practice of open scientific inquiry. Cognizant of
the often substantial costs to the original investigator for sharing data, the
committee seeks to foster attitudes and practices within the scientific
community that encourage researchers to share data with others as much as
feasible.

Some examples illustrate the benefits, problems, controversies, and other
consequences of sharing research data.
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ISSUES AND RECOMMENDATIONS 4

Reanalysis of shared data may lead to a conflicting conclusion. Because an
original investigator published his raw data on measurements of human cranial
capacity by race and described his procedures and methods of summarization,
reanalysis of the data was possible. A reanalysis more than 120 years later
overturned the original investigator's conclusions (Gould, 1978).

Confidentiality may be breeched by legally imposing sharing data. Despite
promises of confidentiality to respondents, researchers may be in jeopardy of
arrest if police or the courts request or demand data. A study headed by James
Carroll at Syracuse University on the confidentiality of social science research
sources and data identified many such cases (Carroll and Knerr, 1975); one was
the Office of Economic Opportunity's New Jersey negative income tax
experiment, in which a local prosecutor issued 14 subpoenas requesting the
names of welfare families receiving excess payments (Kershaw and Fair, 1976).

When data are not shared, an investigator's results may have a greater
influence on public policy than if the data are analyzed by others. An economist
prepared a paper on the deterrent effect of capital punishment, in which he
concluded that one execution prevents eight murders. A draft version of this
paper was used by the Solicitor General of the United States as an appendix to
the government's pro-capital punishment brief in a case before the Supreme
Court. Detailed data were not available for reanalysis. Other researchers have
now assembled what are believed to be virtually identical data sets, and many
analysts believe the data do not support the deterrence hypothesis.

Marketing of biomedical research militates against data sharing. Several
university researchers have refused to share with colleagues the exact details of
how they did experiments that were reported in papers submitted for publication
because such details might compromise the profit-making potential of their work.

Sharing proprietary data may be forbidden by the originator of the data. A
distinguished professor of business is carrying out research based on data from
a firm that not only does not want others to see the data, but is not even willing
to be identified. The professor considers the research useful, but is disturbed
because the conditions under which he obtained the data preclude the possibility
of anyone verifying his statistical analyses.

These and other situations fuel an ongoing debate in the research
community on what are appropriate principles and practices of data sharing.

Copyright © National Academy of Sciences. All rights reserved.
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Issues in Data Sharing

The Committee on National Statistics convened a conference on sharing
social science research data in October 1979, chaired by Clifford Hildreth (see
Committee on National Statistics, 1980; see the appendix for a list of
participants). The participants were in substantial agreement regarding the
exigencies faced by social science researchers and how these often conflicted
with goals of greater access to data. The issues they considered included
whether there is ever justification for refusing or unduly postponing access to
data; the impact on data access of data collectors' responsibility for maintaining
the privacy of respondents and the confidentiality of records; the professional
responsibility of researchers to promote access; and procedures under which
basic data should be released to others.

The conference participants presented the Committee on National Statistics
with the following conclusions:

1. Guidelines on data sharing need to be developed. Desirable practices
may vary with the source of the data and whether the research is
publicly or privately funded.

2. A variety of institutions could be helpful in promulgating guidelines for
desirable practices. The institutions include professional associations
and their journals, consortia for data archiving, and foundations and
other organizations that fund research.

3. Government policy on access to data is important. Much social science
research relies heavily on data provided by the government directly or
indirectly through grants and contracts for research.

4. Many problems of access to data in the natural sciences are similar to
those in the social sciences.

5. Standards for classifying, documenting, and archiving data would
greatly facilitate access to data.

In response to the conclusions of the conference, this report suggests
guidelines for appropriate sharing of data and how government agencies and
other institutions can encourage and foster such sharing of data.

Scope of the Report

The exploratory conference focused on the sharing of social science
research data. Most people believe that natural scientists have fewer problems
in sharing data than do social scientists. The need for shared data may be less
acute for natural science experiments, which usually are replicable—a situation
that occurs more rarely in the social sciences. Nonetheless, data-sharing problems

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/2033.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

ISSUES AND RECOMMENDATIONS 6

have existed in the natural sciences that are really not much different from those
in the social sciences, such as instances in which only some observations are
reported rather than all.

Selective reporting of experimental results in the physical sciences is not
uncommon. For example, Millikan's 1910 Science paper on the oil drop
experiment (see Holton, 1978) gave results based on 27 observations, although
40 observations were available; the most extreme 13 values were dropped.
Similarly, in a 1919 report to the Astronomical and Royal Societies on
expeditions to test predictions of Einstein's general theory of relativity,
Eddington chose not to mention the results of one complete set of
measurements that produced a value for the deflection of starlight consistent
with the Newtonian, rather than the Einstein, prediction (see Earman and
Glymour, 1980).

Some data-sharing problems in the biomedical sciences are also similar to
those in the social sciences: for example, problems associated with large-scale,
controlled clinical trials closely resemble those associated with large-scale
social surveys. For these reasons, and because of the interests of the Committee
on National Statistics in areas such as clinical trials, public health, and
environmental monitoring, this report looks beyond the social sciences and
addresses the issues of data sharing more broadly. The emphasis of the report
remains on problems and practices in the social and behavioral sciences, but
occasional links and parallels to the natural and biomedical sciences are
identified and pursued.

This report specifically does not address two kinds of research. The first is
research with nonquantitative data. Researchers often depend on materials other
than quantitative information, such as anthropological field notes, oral histories,
photographs, or videotape records. Problems of access to research archives in
university libraries have occurred (see, for example, Halberstadt, 1982).
Although such materials are research data, the principles and practices
recommended in this report are not intended to cover them, primarily because
their consideration was beyond the resources of the committee. It does not
mean, however, that access to such research materials is not important or that
this report may not help in clarifying relevant issues.

The second kind of research not specifically addressed is research
pertaining to national security matters. Recently the National Security Agency
has requested that some scientists who are not employed by the government
submit their papers on the mathematical theory of codes to the agency for
review prior to publication. The purpose of such reviews is to prevent the
publication of information damaging to national security. One government
spokesman has proposed that reviews be extended to fields such as computer
hardware and software and crop projections (Hilts, 1982a, 1982b). Although
prior review militates against free and open research, the Committee believed
that to recommend guidelines for such review was beyond its scope. This report,
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ISSUES AND RECOMMENDATIONS 7

however, notes the existence of such pressure affecting the environment in
which data sharing occurs.

The sharing of research data occurs in many ways. Sometimes data are
published as appendices to papers and books. Sometimes data are made
available in response to requests from other investigators. More formal methods
for exchange often involve archives and data libraries, which may be
particularly appropriate for the massive data files from surveys and
experiments. Careful documentation is important to facilitate data sharing. Poor
documentation or its absence inhibits replication and thereby allows some
researchers to make bolder claims than they otherwise might. This report pays
special attention to the needs for and costs of good documentation, but the
formal technical aspects of data archives and the documentation required to
make data of use to others are not covered.

The principles and guidelines for data sharing in this report are addressed
not only to researchers in academia and government but also to institutions that
provide funds for research. Over the past 20 years, government agencies and
private and public foundations have underwritten social science research to
collect and analyze substantial bodies of data. Social science data collected by
the government in particular have been analyzed extensively by many
researchers. This report, however, does not treat the special case of transfer of
large data sets—usually general-purpose statistics or data from administrative
records—among different agencies of the federal government, although many
of the findings and suggestions in the report may be applicable. Such transfers
were not included in the scope of this study because they are governed by
specific statutes and regulations.

This report summarizes some of the benefits and costs of sharing research
data with qualitative statements based on judgment that is bolstered by
anecdotal evidence. Although quantitative estimates of benefits and costs are
highly desirable, the committee unfortunately did not have the time or resources
for assembling such estimates. Quantitative estimates of the benefits of data
sharing are related to an assessment of the benefits of data generally, an issue
that the committee has been and will continue exploring (National Research
Council, 1976; Committee on National Statistics, 1980).

Parties to Scientific Research

Many different parties are involved in or affected by scientific research,
from the initial investigator to the public. These parties have different,
sometimes conflicting interests.

Initial investigators—scientists who first collect data for analysis. These
scientists may work alone or in teams and in academic, commercial, nonprofit,
or government settings. They have an interest in being the first to examine
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and analyze their data and to publish results of their research.

Subsequent analysts—scientists who analyze one or more data sets
collected by others, for purposes of verification of the original analysis as well
as for analysis of new problems.! These scientists have an interest in obtaining
data of others for analysis.

Scientific community—all scientists who engage in research. Their interest
in the advancement of science through new knowledge is promoted by the
sharing of data.

Agencies and foundations that fund research—public and private groups
that give grants or contracts for research to be performed by others. Their
interest is in advancing science rather than in commercial gain.

Organizations that conduct research—universities, nonprofit institutions,
commercial organizations (such as biopharmaceutical concerns), individuals,
and government agencies that conduct research, whether they use their own
funds or are supported by others. Their interest in sharing data can be those of
initial investigators, subsequent analysts, the scientific community, or any
combination of them.

Respondents to surveys and participants in experiments—those who agree
to participate in a survey or experiment, whether voluntarily or whether they
receive remuneration or other direct benefit. Respondents have an interest in the
protection of the confidentiality of information they have given, in limiting the
invasion of their privacy, in reducing their time and effort required to
participate in surveys and experiments, as well as in the advancement of science
resulting from such investment of time and effort.

The public—society generally. The public interest is served by open, free,
productive, and efficient science.

The different parties involved in or affected by scientific research have
different and sometimes conflicting interests when it comes to issues of data
sharing. The report and the papers in this volume address the interests of these
groups, and many of the committee's recommendations reflect a balancing of
conflicting interests.

Occasionally in the report and frequently in the papers, cases are
mentioned in which data were shared or in which unsuccessful attempts were
made to obtain data from principal investigators. These cases are included to
illustrate various aspects of data sharing—the benefits, the costs, the barriers.
The cases are not included to assess blame on particular principal investigators
or other parties. Sometimes an incomplete account is given; sometimes the

! By this definition, subsequent analysts include secondary analysts. A definition of
secondary analysis is provided by Hyman (1972:1): “extraction of knowledge on topics
other than those which were the focus of the original surveys.”
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same occurrence is treated in more than one paper and from varying
perspectives. As this report frequently points out, different participants in the
research process have different and sometimes conflicting interests. Even the
same individual may view data sharing differently at different times, depending
on whether he or she is acting as a primary investigator or a subsequent analyst
or, for example, whether the issue is the completion of a research project or the
protection of respondent privacy.

BENEFITS OF DATA SHARING

That sharing data has benefits is manifestly clear and widely accepted. But
a brief recounting of its benefits is useful, in particular in weighing them against
costs. This section presents a brief summary of some of the major benefits.

A variety of terms are used here in connection with the sharing of data.> A
reanalysis studies the same problem as that investigated by the initial
investigator; the same data base as that used by the initial investigator may or
may not be used. If different, independently collected data are used to study the
same problem, the reanalysis is called a replication. If the same data are used,
the reanalysis is called a verification. In a secondary analysis, data collected to
study one set of problems are used to study a different problem. Secondary
analysis frequently, but not necessarily, depends on the use of multipurpose
data sets. Data sharing is essential for all verifications and all secondary
analyses; it may or may not be involved in replications.

Reinforcement of Open Scientific Inquiry

If all science were conducted according to an ideal, referred to by Robert
Merton (1973) as the “ethos of science,” then scientific findings would be made
available to the entire scientific community. Since the purpose of this
availability is to allow others to assess the merits of the research, the need for
careful description of study procedures is implicit. We believe that, in addition,
the availability of the data for scrutiny and reanalysis should be part of the
presentation of results. In the past, among the best investigators and with a
journal practice open to extensive description, providing data was an honored
tradition. Cavendish's classic paper on the density of the earth is a prime
example (Cavendish, 1798).

Scientific inquiry must be open, and sharing data serves to make it so.
Disputes among scientists are common; without the availability of data, the

2 The committee acknowledges the assistance of H.H. Hyman on terminology
pertaining to data sharing.
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diversity of analyses and conclusions is inhibited, and scientific understanding
and progress are impeded.

Verification, Refutation, or Refinement of Original Results

When data are shared, they may be used in reanalyses that provide a direct
check on reported results. In addition, supplementary or alternative analyses can
be done to determine whether conclusions are robust to various assumptions.
This type of verification can work to bolster the findings of the initial
investigator. An attempted reanalysis, however, may expose errors or
inconsistencies in the data that cast doubt on the validity of the findings. The
latter was the case in the research of Ehrlich (1975) on the deterrent effect of
capital punishment: several other investigators (Bowers and Pierce, 1975;
Passell and Taylor, 1977; Klein, Forst, and Filatov, 1978; Brier and Fienberg,
1980) subsequently pointed out shortcomings in Ehrlich's analyses.’

Refinement of original results is also a possible outcome of data sharing.
Alternative analyses can lead to better adjustment for background variables and
to stronger inferences of effects of treatments in experimental or quasi-
experimental studies.

Promotion of New Research Through Existing Data

Another form of reanalysis is testing the generality of research findings
(see, for example, Smith and Rowe, 1979). Investigators need to compare
analyses on different data sets—across time or across locations—in order to
generalize findings about social phenomena. Existing data from several sources
may be reexamined from a cross-temporal or international perspective. Treiman
(1977:xvi), for example, examined 85 occupational prestige studies from 53
countries and concluded that occupational evaluations are fundamentally the
same throughout the world: he contended that “now, and for the foreseeable
future, wide ranging secondary analysis of existing data is the only way we will
have of achieving a valid comparative sociology.”

The same data that were gathered by researchers to answer one set of
questions can be used by others to answer a new set. This utility especially
applies to large-scale data collection. Mason, Taeuber, and Winsborough (1977)
summarized ideas of several social scientists for new research based on public-
use samples from the 1940 and 1950 censuses and from the Current Population
Surveys since 1960.

3 The data for Ehrlich's research were shared in only one known instance; others had
to reconstruct them.
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Sometimes several different data files can be linked to create a new enlarged
data base that allows researchers to develop and test new theories. For example,
Albert Reiss, Jr., of Yale University, merged the quarterly collection tapes from
the National Crime Survey to provide longitudinal information on victimization
over several years. This new longitudinal data base allowed Reiss (1980) and
Eddy, Fienberg, and Griffin (1981) to develop new models and analyses of
criminal victimization that may improve data collection and reporting.

Encouraging More Appropriate Use of Empirical Data in
Policy Formulation and Evaluation

In policy settings, the models and methods of analysis used for data are
often shaped and structured by expectations associated with particular advocacy
positions. When errors or incomplete analyses lead to policy conclusions that
agree with those expected, the errors may go undetected, and the analyses
remain incomplete. In an evaluation of programs for chronic juvenile offenders,
Murray and Cox (1979) reported a large “suppression effect” of criminal
behavior that results from incarceration. Their analyses purported to control for
alternative explanations of this effect, such as mortality, maturation, and
regression. Long before the report was published, it was used to support
legislative changes in treatment of juvenile offenders in Illinois and other states.
Based on a reanalysis of the basic data, which was commissioned by the
National Institute for Juvenile Justice and Delinquency Prevention, other
researchers claimed that the original analyses were faulty and the observed
effect could be attributed to other causes. Still others argued that the original
and alternative analyses were flawed and that the basic data were of low quality
and unsuitable as the basis for a policy decision. If data sharing were
anticipated, researchers would have greater motivation to plan studies carefully
to avoid possible rejection of their data or analyses.

Some program evaluation experts have suggested that statistical analyses
be carried out by independent teams of evaluators before a program evaluation
report is prepared. Alternative analyses may not only confirm findings of the
initial evaluators but also detect effects not found by them. The practice, of
course, requires data sharing before publication. We believe that such
independent reanalyses should be common practice, especially when important
public policies may be affected.

Alternatives to complete analyses conducted independently are critical
reviews of the analyses of the original investigator by other experts who have
access to the data. An example is a review of the statistical methodology of the
draft report, Public and Private Schools, by James Coleman et al. The
Committee on National Statistics convened a meeting of experts to advise
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Coleman on the strengths and adequacy of the sample and the analytical
methods used for inferences in the report and to suggest further analysis and
interpretation of the data (Straf, 1981). Coleman found the experience valuable
and suggested that the Committee consider institutional procedures for review
of reports relevant to public policy before they are publicly released.

Improvements of Measurement and Data Collection Methods

When the methods of data collection as well as the data from empirical
investigations are scrutinized by scientists other than the original investigators,
suggestions for improved measurement and collection methods often follow.
For example, Turner and Krause (1978) compared allegedly equivalent
measurements of public confidence in national institutions made by two survey
organizations and found substantial discrepancies in levels of reported
confidence and changes over time. Selected analyses of the data suggested that
the differences were due not to technical aspects of the sample design, but
probably to the result of differences in measurement techniques, questionnaire
design, or field procedures.

Longitudinal studies have benefited from suggestions made by subsequent
analysts. Recommendations from scientists who reanalyzed data from the
National Crime Survey are partly responsible for current plans to redesign the
survey. Two more examples are the national longitudinal surveys of labor force
behavior, which is conducted by the Census Bureau for the Department of
Labor and planned and analyzed by the Center for Human Resource Research at
Ohio State University, and the various waves of interviewing for the negative
income tax experiments undertaken in the late 1960s. In these three surveys,
early availability of public-use tapes was planned, and comments and
suggestions by other analysts were encouraged. The sharing of research data
increases the likelihood of suggestions for improvements. This feedback is of
special value in continuing surveys, whether cross-sectional or longitudinal.

Development of Theoretical Knowledge and Knowledge of
Analytic Technique

Wider data sharing with better documentation of data sets should
contribute to better theories and analytic techniques. Ideas for constructively
changing or refining concepts and methods would be obtained sooner and more
frequently, and the interplay between theories and data would be stimulated if
well-documented observations were generally at hand.

Some of these possibilities are illustrated in trials performed by Hildreth
and Lu (1960) on 17 data sets that had been used by earlier authors to estimate
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demand relations. A technique to allow for first-order serially correlated
disturbances was applied to relations previously estimated by a least-squares fit.
The results offered useful evidence of the importance of serial correlation, of
the possibility of negative serial correlations, and of the inadequacy of routinely
using first differences or trends; they also suggested the possibility of higher-
order correlations in some cases.

Applying new theories to existing data may lead not only to new
knowledge but also to improvements in future data collections. When existing
data sets are not adequate for applying and testing new theories, the theories
may suggest what kinds of data sets would be more useful. Wider data sharing
combined with existing and developing computer technology creates
opportunities for comparing results of various techniques on given data as well
as results of a given technique on various data. With wider data sharing, more
could be learned and in a more timely fashion (Hyman, 1972, 1975).

Encouragement of Multiple Perspectives

When data bearing on a variety of topics are generally available and well
documented, researchers may find information important to their inquiries in
data obtained by researchers in other disciplines. Using data from another
discipline often proves to be stimulating, especially when it leads to direct
contacts between the researchers involved, and significant influences on one
field from another can be expected.

Users of previously collected data need to know more than just the
mechanics of how information was gathered and processed. The concepts that
the collectors tried to quantify and the relevant assumptions underlying their
interpretations are important to users in judging the appropriateness of data for
their purposes. Insofar as it is practical, these matters should be explained in the
documentation. Documentation, however, will not always be sufficient for this
purpose, and a potential subsequent analyst may need to consult with those who
collected the data or other scientists in the same discipline. The subsequent
analyst may then learn some alternative viewpoints and approaches of the other
discipline.

Initial investigators also have an interest in the results of secondary
analysis of their data. When some of this analysis involves scientists from other
disciplines, useful stimulation and exchanges of conceptual frameworks and
techniques across fields can result.

Provision of Resources for Training in Research

The availability of a variety of carefully documented data sets can be a
great asset to research training. Data on real phenomena provide interesting
examples
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from which students can learn in two ways. First, the process of collecting the
data can be studied with regard to accuracy, relevance to policy or scientific
questions, and efficiency of design. Second, the data can be used as exercises in
applying different analytic techniques, in drawing inferences, and in
encouraging original approaches to analyses.

Multiple use of data sets can clearly reduce the number of data collections
that are undertaken, saving the time and effort of respondents who furnish
information as well as the time and money of researchers who gather it. In
much social science research, expenses for data collection are the predominant
research cost. Avoiding such expenses allows research funds to go further. Even
when new data are needed, review of existing data and preliminary analyses
may make for a more efficient collection plan.

Protection Against Faulty Data

One of the worst frustrations of scientists and decision makers is caused by
a revelation or strong suspicion that information that was presumed correct and
on which results, recommendations, or decisions were based is faulty. Reactions
are particularly bitter when willful fabrication, falsification, or distortion of data
is involved. The whole basis for applying knowledge and careful inquiry to
decision making is negated. The waste of professional resources is serious, but
the consequences of false conclusions or damaging decisions may be much
worse. People may be hurt by misguided actions, and differences of opinion on
public questions may be acerbated. Public confidence in the research
community will almost certainly be diminished.

Data sharing cannot eliminate these problems, but it could provide a
definite, perhaps strong, preventive influence. Faulty data, whether fraudulent
or due to inept collection or processing, are much more likely to be detected if
studied by more than one analyst. If several data sets relating to closely related
phenomena can be compared, unexpected or unreasonable discrepancies should
lead to careful reexaminations. The expectation that further analyses and
comparisons will be conducted should discourage dishonest manipulations.
More important, such expectation would encourage greater care in the original
analysis.

Climate in Which Scientific Research Confronts Decision
Making

The principal benefits that would result from wider data sharing are that
science would be more efficiently advanced and more effectively applied to
making decisions. Wider data sharing must, however, be carefully developed.
Feasible arrangements for data sharing might lead to many improvements. Our
discussions with a number of scientists and administrators indicate
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universally strong interest in wider data sharing and strong convictions that, if
data sharing were properly developed, substantial benefits would ensue. The
benefits could change the environment in which researchers work. (Expected
benefits are discussed further in the papers in Part II.)

Some investigators regard their work as definitive. Results are sometimes
made to sound more sweeping than is justified. Trial analyses that do not look
good may not be reported. Possible weaknesses in data and methods may be
ignored, if they are not generally known, and otherwise may be treated as
peripheral. The possibility that other researchers will subsequently find ways to
collect more informative data and perform more incisive analyses is not
contemplated. Investigators may defend and amplify what they regard as theirs,
sometimes to the point of misrepresentation. Few areas of research achieve such
definitive results that improvements are not possible. Breakthroughs occur, but
they are usually not fully understood or developed for some time. Meanwhile,
less spectacular but still vital accretions of knowledge proceed. Data sharing
would surely help some people overcome narrow views and pretentious habits.
An improved spirit of research would benefit the products.

COSTS OF DATA SHARING

Data sharing involves costs as well as benefits. The costs may at times
outweigh the benefits. And those who pay the costs often do not share in the
benefits.

Most of the difficulties of data sharing could be overcome if the scientific
community and funding agencies were to commit substantial resources to data
sharing and if scientific recognition were given to researchers who shared their
data. But the scientific community, funding agencies, and especially individual
researchers have a good many other—and often higher—priorities. An
appreciation of the obstacles to and costs of data sharing may suggest some
remedies as well as help in constructing some reasonable and workable
principles for data sharing. This section summarizes some of the obstacles and
costs.

Technical Obstacles

Technical obstacles to sharing computer-readable data include
incompatibilities in machine and software systems and data file structures. In
early computer technology, technical factors sometimes constituted nearly
insurmountable barriers to transferring data from one computer to another.
Now, however, difficulties encountered in transferring data are largely due to
the practices of data collectors and processors rather than to technical factors.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/2033.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

ISSUES AND RECOMMENDATIONS 16

Data collectors should, therefore, anticipate that data may be shared and
make necessary plans. Although the technical requirements and characteristics
of computer programs and systems for data management and analysis do not
prevent data sharing, they may complicate it. For example, data organized for
analysis using the Statistical Package for the Social Sciences (SPSS) cannot be
analyzed using the Statistical Analysis System (SAS) without reformatting and
reorganizing the data. Most data-base dictionaries in use in the social sciences
are tied specifically to certain software packages such as SPSS, OSIRIS
(organized set of integrated routines for the investigation of social science data),
or SAS; their conversion for use by other packages usually is not
straightforward. Thus, researchers attempting to use data prepared by others
often must forgo direct use of information contained in the “foreign” data-base
dictionary. Researchers can facilitate data sharing by assimilating data in
machine-and program-compatible formats.

Documentation

Typically, data sets are poorly documented. Researchers keep the details of
data collection, variable construction, and particular quirks of the data in their
memories and do not put them in writing. Data collectors sometimes prefer data
preparation and documentation practices with which they are familiar, although
these practices may be at odds with accepted standards. Accomplishment of the
particular research goals of initial investigators may not require fully cleaned
tapes and well-documented data; data are collected primarily to achieve these
research goals, not to serve the purposes of data sharing and secondary analysis.
The documentation requirements of research and scientific publication usually
differ from those of data sharing. Moreover, available financial resources often
are seen as inadequate to support data collection and analysis and certainly
inadequate for elaborate data preparation and documentation. Consequently, the
documentation required for effective sharing is not done.

A distinction should be made between technical and substantive
documentation. Basic standards for technical documentation have been
established and are in use in the preparation of many research data collections
(Geda, 1979; Roistacher, 1980). Less clear are the standards for matters such as
descriptions and explanations of sampling procedures; the original design of the
data collection and any deviations; the assumptions that underlie particular
questions, combinations of questions, and derived measures; and the degree to
which instruments were pretested and the results of those pretests.*

4 Derived measures, such as scales or recodes that collapse variables, are often poorly
documented. Sometimes, in order to maintain confidentiality, the actual data collected
cannot be shared, but aggregates or derived m easures can be. It is particularly important
in such cases to document for subsequent analysts how the combinations were put
together.
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Practices in this area are less consistent and probably generally less
adequate than in the case of technical documentation. Yet these aspects of
documentation are essential for the effective secondary if substantive
documentation is inadequate, data are subject to inadvertent use of data
collection. Data may be in perfect technical order, but misuse with the result of
misleading or erroneous findings.

Costs to the Original Researcher

Although it serves science for researchers to share their data and permit
reanalysis and replication, it is often not in their interest to do so. Researchers
face the costs of documentation for the use of others, of storing and transferring
data, and of conducting tutorials so that subsequent analysts understand the data.

Other costs are less susceptible to monetary valuation and to recompense
but are no less real. Researchers face the possibility that errors in their original
analyses will be exposed. Initial investigators may also fear that subsequent
analysts may publish results before they do, a problem that is particularly
vexing with panel studies. And researchers know that those who reanalyze data
will be able to publish only if the reanalysis contradicts or goes beyond the
original work.

Researchers may be concerned about the qualifications of investigators
requesting data and fear that poor reanalysis may require burdensome rebuttal
or reflect adversely on original research. Initial investigators may fear criticism
that, even if unwarranted, may be detrimental. Researchers may even fear that
data made accessible during the peer review process may be published by
others. Sharing data involves loss of control over data, the purposes for which
they are used, and the methods of analysis. That requests for the sharing of data
are often met with delays and noncooperation is not surprising (see Wolins,
1962; see Hedrick, in this volume, for a detailed discussion of these issues.)

Costs to Subsequent Analysts

Subsequent analysts also encounter some costs. Despite more compatible
equipment and careful planning by original collectors, not all data may be
shared easily. Sharing may be time-consuming and expensive to the subsequent
analyst as well as to the initial researcher, particularly if the data set is
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large. Data organized in complex file structures may need to be converted to
simpler structures by the subsequent analyst. The data-base dictionary may be
tied to an incompatible software package and require conversion. The original
data collectors may not have used standard data preparation and documentation
practices. The data documentation may be inadequate; the codes may be
undocumented, inconsistent, or erroneous. Undiscovered errors are inevitable.
These costs can be reduced if data sharing is recognized as a goal by initial
data collectors. And the costs may be shared if data tapes are transferred to an
intermediate archive that takes responsibility for editing and documenting them.

Sharing Costs

One strategy for encouraging data sharing is to impose a cost for not
sharing data. A public statement that a researcher was withholding data may
encourage the researcher—and others—to share their data. Reinforcing data
sharing as a scientific obligation may be fruitful in promoting data sharing more
widely.

The practice of data sharing probably will become more widespread if the
costs are not borne exclusively by the initial researcher. Data sharing, then,
must also be cost sharing; subsequent analysts should contribute appropriately
to the costs of documentation and pay the costs to transfer data.

Sharing data primarily benefits science and society; the costs are borne
mostly by the initial investigators. Yet most scientists are willing to share their
data to some extent despite this relationship. One reason is that recognition of
the initial investigator usually is provided by subsequent analysts. Another
reason is that scientific institutions do foster data sharing through peer
recognition of altruistic behavior that advances science.

THE CHANGING ENVIRONMENT FOR DATA SHARING

Developments in computers and software, changes in research practices,
the different rewards and incentives for research, and new laws and regulations
may all affect the sharing of data. This section describes how a few of these
changing circumstances may affect the propensity of researchers to share their
data.
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Use of Computers

The widespread use of computers for recording, summarizing, and
analyzing research data facilitates sharing data. The use of computers avoids
time-consuming clerical work and permits the transfer of large data bases that
would not have been feasible in the past. Large machine-readable data files are
a research resource in the social sciences analogous to large-scale
instrumentation in the physical sciences.

Transfer of machine-readable data is hindered by incompatibility of
computer equipment and software. Help to overcome such technical problems
may come from the acceptance of common conventions for the internal storage
and representation of data, from the development of standard analytic packages,
and the development of conversion capabilities to move from one system to
another. More burdensome to an initial investigator are the time-consuming
tasks of file cleaning, preparation of data-base dictionaries and other
appropriate documentation, and dissemination. As the importance of these
activities has become more widely recognized, some aids have been developed;
more are expected in the future. The literature on computer file management,
standards for file documentation, and similar matters is growing. Moreover,
institutions have been organized that specialize in the collection, maintenance,
and dissemination of machine-readable data files. Some of these institutions are
international in scope. Both the technical guidelines for data documentation and
the number of institutions that serve as intermediaries to transfer data are
growing (see Clubb, in this volume, for a further discussion on using computers
for data sharing).

Privacy and Confidentiality

Confidentiality refers to not disclosing responses to questions that could be
identified as belonging to an individual organization or person. Privacy refers to
the right of an individual not to make personal information available to another.
Confidentiality is obviously relevant to data sharing. Privacy is also relevant: as
the public has become more concerned about invasion of privacy, researchers
have attempted to overcome respondent hesitation by making stronger promises
of confidentiality. Legal protections for privacy attempt to protect privacy by
maintaining confidentiality of records, and in many cases, restricting their use
to the agency to which the respondent provided information.

Growing concerns about confidentiality and the protection of privacy have
affected research involving information about individuals and the conditions
under which data may be shared, especially if the research is undertaken under
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federal contract. As a result, more attention is paid to maintaining the
confidentiality of records, whether legally required or not; to removing
identifiable information from records before data are shared; and to using other
disclosure avoidance techniques.

Paralleling the burgeoning use of computers in business and government,
public awareness of issues of privacy and confidentiality has increased during
the past two decades. Respondents express concern over invasion of privacy
and are skeptical of assurances that confidentiality will be protected (see, for
example, National Research Council, 1979). Also, the public is apprehensive of
the growth of large-scale computerized data banks that contain personal,
individually identifiable information. Investigators have become more sensitive
to issues of privacy and confidentiality because of this public discussion and
respondent reactions.

The public concerns have led to enactment of statutes designed to protect
privacy and ensure the confidentiality of data concerning individuals (see Cecil
and Griffin, in this volume). A major federal statute is the Privacy Act of 1974.
Designed to protect the confidentiality of records collected and maintained by
the federal government, it provides, with certain exceptions, that identifiable
information about individuals may not be disclosed outside the agency that
collected the information unless the prior consent of the individuals concerned
is obtained.’> A key characteristic of this statute is that it does not distinguish
between data for administrative purposes and data for research or statistical
purposes. The provisions of the law apply directly to investigators whose
research or surveys are undertaken under a contract with a federal agency, as
are, for example, most evaluations of federal programs. Such investigators must
observe the provisions of the Privacy Act in sharing data by deleting identifying
names and numbers from individual records; sometimes, other disclosure-
avoidance techniques are used.

These rules may hamper and at times prevent the matching or linking of
data files. In some research requiring access to federal data, identification of
individuals is essential. In epidemiological studies, for example, it may be
necessary to know the names of persons exposed to certain suspected hazards
over long periods in order to match these with records of death or disease at a
later time. Unless such epidemiological research is considered “routine use”
under the terms of the Privacy Act, access to this information may be restricted.

Biomedical researchers in particular are affected by federal regulations
governing research on humans that require review of research plans by
institutional

5 In addition to federal law, several states have enacted statutes to protect privacy that
may also affect research.
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review boards. In some cases, such boards may go beyond the requirements of
the Privacy Act and so have an effect on the ability of researchers to share data.
The Privacy Protection Study Commission, called for by the Privacy Act
of 1974, urged among other recommendations that the Act be revised to
distinguish between data for research purposes and those maintained for
administrative purposes (Privacy Protection Study Commission, 1977:
especially pages 567-604). If the law is changed, investigators might find fewer
restrictions on access to individually identifiable federal data for research
purposes. It is certain, however, that there would still be strong injunctions and
safeguards calling on researchers to protect the confidentiality of data.

Freedom of Information

Another federal statute, the Freedom of Information Act, enacted in 1966,
which provides for greater public access to many kinds of federal data, has had
the opposite effect of the Privacy Act (see Cecil and Griffin, in this volume).
There are two specific exemptions to access in the Freedom of Information Act
that are most relevant to research data: “personnel and medical and similar files
the disclosure of which would constitute a clearly unwarranted invasion of
privacy” and “trade secrets and commercial or financial information obtained
from a person and privileged or confidential.” An investigator whose contract
with a federal agency calls for transfer to the agency of microdata that do not
qualify for these exemptions should expect that the data may be shared with
others, researchers or not, under the Freedom of Information Act. The act does
not appear to apply, however, to data maintained solely under the control of the
investigator. Even investigators working on funds from private sources may be
subject to the Freedom of Information Act should they submit data to a federal
agency for advice or checking. For example, a privately sponsored survey that
used computer assistance from the federal Centers for Disease Control was
ruled subject to the Freedom of Information Act (Dickson, 1980).

Patents, Profits, and Proprietary Data

The possibility that a research effort may lead to the development of a
patentable product or process may affect the willingness of investigators to
share their data. Patent laws may also delay publication of research results and,
therefore, may delay data sharing. A recent change in the U.S. patent law, for
example, led the Office of Management and Budget to suggest that federal
agencies require notification of any potentially patentable results at least three
months before research reports are submitted for publication. The rule would

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/2033.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

ISSUES AND RECOMMENDATIONS 22

apply to federally sponsored research in universities and small business and is
intended to allow time to apply for patent rights in certain European countries.
In the United States, patents can be applied for up to one year following
publication of research results, but in some European countries patent rights
may be forfeited by publication. In commenting on these developments,
Dickson (1981:501) noted: “The proposed rule has already created a storm of
protest from the U.S. research community, which claims that, by threatening to
deny a scientist patent rights to a discovery if the procedure is not followed, it
could seriously impede scientific communication.”

The Copyright Act is also relevant to data sets developed by researchers.
Under that act, the proprietary rights of a person who has developed
information are balanced against the public benefits from distribution of the
information. Interpretations of the Copyright Act, which was significantly
amended in 1976, may affect the extent to which data are shared. The doctrine
of fair use, which limits the exclusive rights of copyright owners in order to
permit reasonable use by others for purposes such as criticism, news reporting,
teaching (including multiple copies for classroom use), or research, was
expanded in the Copyright Act amendments (see Cecil and Griffin, in this
volume). Scholarly journals that insist on copyrighting all articles may impede
reanalysis of previously published information by requiring secondary analysts
to obtain copyright releases from original researchers, although the fair use
provision makes this requirement unnecessary.

Recent applications of research on DNA have drawn dramatic attention to
the potential profitability of some research. Academic research scientists and
private firms engaged in developing profitable applications have sometimes
found themselves with very different interests. A report in Science of a dispute
between the University of California and the pharmaceutical firm of Hoffmann-
La Roche concerning a human gene containing the genetic information for the
synthesis of interferon carried the following headline: “University and Drug
Firm Battle Over Billion-Dollar Gene: A lawsuit over interferon may change
the informal ways by which researchers exchange materials” (Wade, 1980).
Donald Kennedy, president of Stanford University, commented: “Scientists who
once shared prepublication information freely and exchanged cell lines without
hesitation are now much more reluctant to do so” (Roark, 1981). And the New
York Times (1981) editorialized: “The values of the marketplace have so
invaded the campus that on several occasions researchers have refused to share
with their colleagues the exact details of how they did their experiments. Such
attitudes are incompatible with the ethos of a scholarly community.” Similar
views were expressed in a Nature (1980) editorial. Potentially lucrative
applications of scientific research
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are not widespread, but, in the scientific disciplines in which they occur, the
effect on data sharing is significant.

At a recent meeting of university and company officials, the need for
faculty freedom to report research was discussed, and it was agreed that
research contracts or licensing agreements between universities and private
companies should avoid secrecy (Chronicle of Higher Education, 1982:12). The
joint statement included, under the heading “Open Communication
Encouraged,” the following:

The traditions of open research and prompt transmission of research results
should govern all university research, including research sponsored by
industry. Those traditions require that universities encourage open
communication about research in progress and research results. However, it is
appropriate for institutions to file for patent coverage for inventions and
discoveries that result from university research. This action may require brief
delays in publication or other public disclosure.

Receipt of proprietary information from a sponsor may occasionally be
desirable to facilitate the research. Such situations must be handled on a case-
by-case basis in a manner which neither violates the principles stated above
nor interferes with the educational process. Any other restrictions on control of
information disclosure by institutions are not appropriate as general policy.

Restrictions on International Sharing of Data

Restrictions on the sharing of data across national boundaries are likely to
fluctuate with international political tensions and changes in perceived national
interests. Such restrictions may apply not only to defense-related technology,
but more broadly to research that is deemed to be of advantage to other nations.
The Export Administration Act of 1979, administered by the U.S. Department
of Commerce, requires that export controls be used where necessary “to restrict
the export of goods and technology which would make a significant
contribution to the military potential of any other country or combination of
countries which would prove detrimental to the national security of the United
States.”

In the United States, restrictions on sharing data with other countries
apparently are being tightened. Examples include:

(1) Proposed revisions in the 1972 International Traffic in Arms
Regulations, published in preliminary form in the Federal Register
(December 19, 1980), require that an export license be obtained for
transfer to a foreigner of technical data that may have a defense
application.

(2) During 1981, an amendment was proposed to the Arms Export Control
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Act (H.R. 109) to tighten restrictions on exchange of information in
such fields as computer technology (Kolata, 1981).

(3) It has also been proposed to have scientific work reviewed by federal
agencies on a voluntary basis prior to publication. Such a voluntary
review system is now in effect in the field of cryptanalysis.

Although published unclassified data are exempt, researchers fear restraint
of scholarly inquiry, and professional societies, among others, are objecting,
since information presented at scientific meetings may not be exempt (Marshall,
1981).

The conflicting pressures of national security and open science have
recently aroused much interest in the general press as well as in scientific
circles. The National Academy of Sciences announced in March 1982 the
appointment of a broadly based panel of senior policy makers and researchers to
examine the relationship between university research and national security in
light of the growing concern that foreign nations are gaining military
advantages from American research. The panel's September 1982 report
recommended guidelines that would allow government-funded, academically
based scientific research to be performed without restriction, except for research
in narrowly defined areas of technologies that could not justifiably be either
classified or completely open (Committee on Science, Engineering, and Public
Policy, 1982). In an assessment of policy developments 18 months after the
panel report was issued, Wallerstein (1984) concluded that “the reach of
restrictions either proposed or in force go considerably beyond the panel's
recommendation.” Since then, the Department of Defense has indicated that it
would not further restrict publication of militarily sensitive but unclassified
research: control of fundamental research in science and engineering at
universities and federal laboratories is to be achieved through classification.
Some scientists fear, however, that more research will be classified (Goodwin,
1984).

CONCLUSIONS AND RECOMMENDATIONS

“«

. the best security for the fidelity of mankind is to make their interest
coincide with their duty.”

—Alexander Hamilton

The Federalist Papers, No. 72

Most scientific advances are not solely the result of separate, individual
efforts. As society turns to science with ever more problems, solutions are
interdisciplinary and require the contribution of many investigators. At the same
time, scientists are becoming more specialized. Sharing data can provide
opportunities for interdisciplinary approaches to problems and, even
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within the same discipline, the sometimes synergistic result of different people
thinking about the same or similar problems.

Because of the promise for eventual solutions to important problems, as
well as the benefits of increased knowledge and understanding, society supports
science. Sharing data offers efficient use of research funds by allowing further
discoveries to be recovered from data that have already been collected at great
expense and that otherwise would not be used further. There are many other
important benefits to science from sharing data. A primary one is that sharing
data provides for further theories, methods, and results. Sharing data also tends
to correct inadvertent error and to discourage fraud.

But there are potential costs for an investigator who provides data to
others: costs of time, money, and inconvenience; fears of possible criticism,
whether justified or not; possible violations of trust by a breach of
confidentiality; and forgoing recognition or profit from possible further
discoveries.

In some circumstances initial investigators are required to share data in
accordance with the rules of their employing institutions or the terms of their
grants. In many cases, however, whether data are shared and the extent to which
they are shared depend on the decisions of individual scientists. Professional
societies, organizations that publish scholarly journals, research institutions, and
foundations and other organizations that fund research can encourage, facilitate,
and even reward the sharing of data, although they seldom prescribe the
behavior of individual scientists.

These considerations led the Committee on National Statistics to make the
following general recommendations.

Recommendation 1. Sharing data should be a regular practice.

The advantages of data sharing are sufficient to warrant considerable
attention to ways to share data without imperiling privacy or breaching the
confidentiality promised to data providers. We share the views of Jowell
(1981:14):

Flaherty (1979, p. 307), in his definitive international survey of measures to
enhance the confidentiality of microdata, concludes that an “ultimate goal of
public policy in every country should be to encourage custodians to
disseminate data and researchers to use it.” As long as the individual is
adequately protected, wider access to data will surely serve rather than threaten
the interests of civil liberties and open government.

The Committee recommends a number of guidelines for researchers, for
funding agencies, for professional journals, for research training institutions,
and for other participants in research that should facilitate and encourage
sharing data for research purposes.
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Recommendations for Initial Investigators

When to Share Data

Data are collected in a variety of circumstances—in controlled laboratory
experiments, by observation in the field, through interviews, from
accumulations of records, or by combinations of these methods. In some cases,
data to which access is desired may have developed through one investigator's
efforts and be entirely at his or her disposal to share. In other cases, the nature
of the data, promises of confidentiality, laws or regulations, contractual
requirements, or proprietary rights may preclude or at least militate against
sharing. In still other cases, raw data may be available to all (for example, from
public records or from public-use tapes, which are samples of anonymous
statistical data specifically designed for widespread research use), and the
researcher's contribution may be in the compilation procedures and methods of
analysis. In the latter instance, it is the edited and categorized data, an
explanation of the analytical methods used, and documentation of how the data
were handled to which access may be requested.

Analyzing data and reporting discoveries are clearly more glamorous tasks
to many scientists than collecting data. The motivation of possible discoveries is
needed even to contemplate data collection, and science is served well by this
motivation. Thus, initial investigators are entitled to be the first to examine,
summarize, and analyze their data. There may, however, be exceptions, for
example, when data collection is a joint effort or when public funds are used to
pay for data collection with the intent that the data be available to many in a
timely manner. Although scientists surely deserve, in most cases, first claim to
data compiled under their direction, the practice of withholding data until all
possible analyses are exhausted is unnecessarily restrictive and too self-serving
to advance science. A balance is needed.

Recommendation 2. Investigators should share their data by the time of
publication of initial major results of analyses of the data except in compelling
circumstances.

It should also be noted that, if data are made available when the results of
research are submitted for publication, the submitted manuscript can be more
carefully and more fully reviewed. The benefits of sharing data appreciably
increase upon publication, since other researchers can then test the same and
other theories and methods. We encourage researchers to make every effort to
share data as soon as it is feasible.
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Data Relevant to Public Policy

Scientists have a special responsibility to share data as quickly and as
widely as possible when the data are or will become relevant to public policy.
Withholding such data risks the use of wrong results or of ineffective analysis
of important issues.

Recommendation 3. Data relevant to public policy should be shared as
quickly and widely as possible.

This recommendation is not intended to support the public release of
analyses prior to appropriate review.

Planning for Data Sharing as Part of Research

Researchers can more effectively share data if they keep that objective in
mind in all stages of their research. Planning to share data from the outset not
only helps achieve the goal of data sharing but also may improve the quality of
the research. For example, adequate documentation of data helps initial
investigators as well as subsequent analysts. Data files should include the
unedited raw data as well and documentation on edits, handling of nonresponse,
and similar problems (see Straf, 1981; Madow et al., 1983).

Not all data can be shared in a situation in which confidentiality must be
preserved. For example, photographs, oral histories, detailed notes on
interviews of well-known people, and some types of proprietary information are
data that could not be shared if confidentiality is to be maintained. Some
persons or organizations may be unique or come from such a small group that it
may be impossible to share data and not identify them. There are, however,
ways to share many types of data and still maintain confidentiality (see
Campbell et al., 1975).

Recommendation 4. Plans for data sharing should be an integral part of a
research plan whenever data sharing is feasible.

Researchers might benefit by first considering whether they could be
subsequent analysts: data might already have been collected that are sufficiently
useful to warrant forgoing new data collection.
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Keeping Data Available

Part of research plan should include maintaining the data for a reasonable
period following the completion of research for possible use by subsequent
analysts. Some data collections may be small or so specialized that only limited
use by others can be expected, and the initial investigator can handle requests
without undue burden. Other data sets may be of such general purpose and in
such demand over a considerable period that the initial investigator may find it
difficult or impossible to handle the requests of subsequent analysts.
Particularly in the latter case, researchers might consider submitting data to an
appropriate archive that not only would assume responsibility for much of the
handling of data to be shared, but also would encourage further use of the data
by bringing them to the attention of a wider community of researchers.
Cataloging of machine-readable data files and citing such data in a standard
way (Dodd, 1982) would also encourage further use.

Recommendation 5. Investigators should keep data available for a
reasonable period after publication of results from analyses of the data.

Recommendations for Subsequent Analysts

It is neither practical nor equitable to expect initial investigators to pay all
costs of transferring their data to others. It is reasonable to expect subsequent
analysts to reimburse initial investigators at least for the extra costs involved in
data transfer.

Recommendation 6. Subsequent analysts who request data from others
should bear the associated incremental costs.

Recommendation 7. Subsequent analysts should endeavor to keep the
burdens of data sharing on initial investigators to a minimum and explicitly
acknowledge the contribution of the initial investigators.

Explicit acknowledgment of the initial investigators and their contributions
would encourage data sharing.

Subsequent analysts who discover errors in data should inform the data
collectors or the appropriate archive so that the data may be corrected for the
use of others. Criticism of a data collection or analysis should be made in a
professional manner. With few exceptions, it is desirable that subsequent
analysts also inform initial investigators or data archives promptly of the results
of new analyses, even those that are unrelated to the original analysis. This
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scientific courtesy may also help to avoid future duplications of efforts.

Recommendations to Institutions that Fund Research

A scientists is recognized and rewarded through the scientific community
and its institutions. Researchers will have greater incentive to share data if the
community and its institutions foster the idea that the practice advances science
and is part of what is recognized as necessary and proper scientific behavior.
We suggest that foundations, federal agencies, and other organizations that fund
research provide encouragement and rewards for sharing data.

In many instances, funding organizations would be justified in requiring
that data be shared. Government funding agencies, in particular, should require
applicants to guarantee data sharing or to justify explicitly in their proposals
why sharing would be inappropriate. Unless data sharing is a condition of a
grant or contract—whether of public or private funds—applicants who have
budgeted to share are at a disadvantage when costs are compared with the
budgets of those who have not.

If plans to share data are given as much weight as the sample design,
methods of analysis, and other aspects of proposed research in deciding on an
award, researchers would then plan for sharing data at an early stage. A
researcher might request funds to make important data available to others. In
any case, he or she could be encouraged to describe in the application how the
content and structure of the data would be documented, how invitations for
subsequent analysis would be extended, and how requests for data could be
honored at minimal cost. The referees of the research proposal could judge the
importance of support for making the data available to others.

For research projects involving large data sets, investigators could request
funds for a person with responsibility to document data files; update and correct
data entries; produce data files for those who request them; consult with users
on interpretations, limitations, and other important aspects of the data; and
preserve the confidentiality of respondents. Even for small data sets, however, a
funding organization that encourages reasonable standards for documentation
will aid not only subsequent analysts, but also the initial investigators.

Funding organizations that require, in rules or by contracts, unnecessarily
excessive protection of privacy and confidentiality hinder the sharing of data.
Society benefits from the accessibility of data as well as from the protection of
privacy and confidentiality. A reasonable balance between these often
conflicting values cannot be achieved by exclusive attention to one.

When funding agencies anticipate that research results will be directly
relevant to public policy, the agencies should be alert to the need for sharing
data so that conclusions can be verified or contested through reanalysis. Federal
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funding organizations can ensure the availability of data for such uses by
including in original contracts or grants a requirement that, on completion of
research, data will be delivered to the sponsoring agency. The data would then
be subject to the Freedom of Information Act.

Recommendation 8. Funding organizations should encourage data sharing
by careful consideration and review of plans to do so in applications for
research funds.

Initial investigators whose data sets prove to be of wide interest to
subsequent analysts may not be in a position to manage and disseminate data to
many others for a long time. Even if initial investigators are paid for the
additional time and other costs involved, sharing data may impinge too severely
on other scientific activities. Intermediate research archives have been
developed in some fields to meet this problem (see Clubb, in this volume, for
more details). Organizations funding large data collections that are expected or
later found to be of considerable general interest should be alert to this problem.
If existing data archives are not suitable or are inadequately funded, funding
organizations should consider supporting appropriate ones.

Recommendation 9. Organizations funding large-scale, general-purpose
data sets should be alert to the need for data archives and consider
encouraging such archives where a significant need is not now being met.

Recommendations to Editors of Scientific Journals

The editorial policies of scientific journals have a significant effect on
scientific practice, since the publication of research results in respected,
refereed journals is one of the principal rewards of scientific research. Journal
editors should adopt editorial policies designed to encourage data sharing.

Providing Access to Data for Peer Review

Access to data during the review process, a practice already in use by some
journals, provides reviewers an opportunity to replicate the analysis and
discover possible errors. Reviewers can use alternate assumptions or analytic
models to test the robustness of authors' conclusions.

Recommendation 10. Journal editors should require authors to provide
access to data during the peer review process.
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Publishing Reanalyses and Secondary Analyses

If researchers know that reports of replications, whether confirmatory or
not, and of secondary analyses will be welcomed under journal editorial
policies, such research would be encouraged.

Recommendation 11. Journals should give more emphasis to reports of
secondary analyses and to replications.

Giving appropriate credit to data collectors should serve to encourage
others to share data as a matter of good scientific practice. Criticism of the
original data collection should be factual, temperate, and made in the light of
reasonable standards of data collection.

Recommendation 12. Journals should require full credit and appropriate
citations to original data collections in reports based on secondary analyses.

Encouraging Accessibility to Data

It should be standard practice for small data sets to be published with the
research reports that use them. For larger sets, the availability might be
announced in the research report with an explanation of where the data may be
obtained: from the journal editor, from an intermediate archive, from the
original investigator, or elsewhere.

Recommendation 13. Journals should strongly encourage authors to make
detailed data accessible to other researchers.

Recommendations to Other Institutions

Other participants in the scientific research process can promote data
sharing. Academic institutions can exercise leadership in encouraging data
sharing both in training future scientists and by example. Professional
associations can also play a part, as can funding agencies and archives.

Providing Training for Sharing Data

Instruction and training on data-sharing policies and practices should be
included in the education of many research scientists. Professional societies
might organize meeting sessions or workshops on data sharing. The technical
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aspects of data sharing, especially documentation and archiving methods,
should be taught in specialized courses either as a part of academic curricula or
in continuing education programs. Instruction in data sharing should also
include how to find and adapt existing data for research (Myers and Rockwell,
1984) and how to prepare data for secondary analysis (Fortune and McBee,
1984). In some disciplines, emphasis on sharing data could be a recognized part
of graduate training.

Recommendation 14. Opportunities to provide training on data sharing
principles and practices should be pursued and expanded.

Researchers should be encouraged to use data collected by others for
scholarly research when appropriate. Actual data should be used in teaching
whenever practical, a practice that depends on data being shared.

Reference Service for Social Science Data

A centralized reference service for computer-readable social science data
would promote the use of data already collected. A start can be made with
existing archives and with some federal statistical agencies. The Social Science
Research Council (1983) has recently issued a compendium of brief
descriptions of about 100 national data bases available for use in social science
research. By allowing sufficient funds for adequate documentation of original
studies and by funding research based on the use of shared data, funding
agencies could foster the growth and efficient use of such a service. The
National Science Foundation might take a leading role in promoting it.

Recommendation 15. A comprehensive reference service for computer-
readable social science data should be developed.

Providing Recognition for Data Sharing

The scientific reward structure could be strengthened to achieve more
sharing of data and more innovative subsequent analyses. In addition to our
recommendations to journal editors, we suggest that academic institutions
encourage data sharing by granting appropriate professional recognition to the
data-sharing activities of teaching and research staff members in such matters as
salary and promotion policies.

Recommendation 16. Institutions and organizations through which
scientists are rewarded should recognize the contributions of appropriate data-
sharing practices.
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Sharing Research Data in the Social
Sciences

Jerome M. Clubb, Erik W. Austin,
Carolyn L. Geda, and Michael W. Traugott

During the past two decades an extensive literature has appeared exploring
issues related to access to basic computer-readable data for empirical social
science research. In the main, the authors of this literature emphasize the
scientific, public policy, and pedagogical values and advantages of data sharing,
and they often advocate a policy of open access to data in maximally usable
form. Obstacles to data sharing are discussed, specific categories of data are
noted as exceptions to the general sharing rule, arguments against complete
open access to research data are sometimes offered, and the precise nature of
obligations to share data are debated, but few if any of the authors categorically

Jerome M. Clubb, Erik W. Austin, Carolyn L. Geda, and Michael W. Traugott are at
the Inter-university Consortium for Political and Social Research, Center for Political
Studies, Institute for Social Research, University of Michigan.

An earlier draft of this paper was discussed at length by Stephen Fienberg, Clifford
Hildreth, Margaret Martin, Miron Straf, Joe Cecil, and Terry Hedrick. Although we were
unable to meet all of their many comments and suggestions, this paper has benefitted
greatly from their efforts. We alone, however, are responsible for its shortcomings.
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oppose data sharing or some form of open access.

These same two decades have been marked by movement among social
scientists toward implementation of the general principle of open access to
basic research data. Institutional mechanisms have appeared to facilitate access
to data, and various agencies that fund research in the social sciences have
stressed that the resultant data collections should be made available to other
researchers. One consequence of these developments is that abundant, if
somewhat unsystematic, concrete evidence of the value of open access to basic
research data is now available.

At the same time, however, discussion and disagreement continue, and
acceptance and implementation of the general principle of data sharing are far
from complete. Social scientists are still often refused access to data, or if
access is granted, copies of data are sometimes received in technically unusable
form. In some cases data are shared, but only after prolonged delay. In other
cases data are shared only within relatively limited networks of researchers,
often within a single discipline or subdiscipline. Access to data by people
outside such networks is either difficult or precluded. Difficulties in gaining
access to data are not simply the product of unwillingness of researchers and
research groups to share, but also result because mechanisms to provide
information about the availability of data, and particularly mechanisms that
operate across disciplinary boundaries, are not yet well developed. It is only in
very recent years, for example, that concerted efforts to develop bibliographic
control over computer-readable data collections have begun, and there is as yet
no centralized reference service for computer-readable social science data.

Failure to move more rapidly toward acceptance and implementation of the
principle of open access to basic data is sometimes asserted to be a reflection of
the supposed transitional nature of the social sciences—from essentially literary
values, with their emphasis upon private and unique individual creativity, to the
scientific values of public and cooperative pursuit of cumulative knowledge. In
our view such an explanation is neither particularly useful nor accurate. If it
were accurate, other areas of inquiry would also have to be seen as transitional
in nature, since difficulties and disagreements concerning access to data and to
data collection facilities are also encountered in other sciences. In our reading
much more obvious and, in some respects, more useful explanations are also
available. First, there are serious concrete technical obstacles to effective data
sharing, although at least some of them could be readily overcome. Second,
there are reasonable arguments against a generalized norm of data sharing and
against complete open access to research data, arguments that reflect conflicting
values and goals as well as the reward structure characteristic of science. These
issues constitute the most serious obstacles to data sharing.

In this paper we examine the issues confronted in sharing basic social
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science data. The initial section summarizes scientific and other values and
advantages gained through open access to data. The second section provides an
indication of the magnitude of data sharing that now occurs. The third section
considers technical obstacles to generalized access to basic data in usable form
and suggests means by which some of these obstacles might be overcome. The
fourth section considers further arguments against data sharing and the
conflicting values, goals, and obligations that seem often to underlie
disagreement and discussions of data sharing; for these, solutions that go
significantly beyond continued exhortation are less easily identified. The fifth
section considers modes and facilities for data sharing, and the sixth section
briefly considers practices of data sharing in several other areas of inquiry. We
offer conclusions and recommendations in the final section.

This paper has a number of limitations that should be made explicit. Data-
sharing practices vary rather widely in the social sciences, and it is unlikely that
the full range of this variation has been adequately taken into account. While
data-sharing practices in several rather specific areas of the natural and
biomedical sciences are examined, this examination is somewhat unsystematic
and far less than complete. To explore in anything approaching comprehensive
fashion questions of data sharing and access to data collection facilities in the
many and diverse areas of the other sciences would be a major research
undertaking in its own right. Thus we are able to offer here only a few highly
tentative generalizations.

There are a very large number of organizations and facilities in the
academic, government, and private sectors that function in some way to share
and provide access to computer-readable data relevant to social science
research. Our discussion of these facilities is most complete for academically
based organizations; it is significantly less complete in the case of organizations
in the public and private sectors. Our discussion of data-sharing practices and
facilities is also heavily based on the United States; practices, facilities, and
experiences in other nations are less to computer-readable data collected and
processed more or less specifically to serve the goals of social science research
and the purposes of monitoring social processes. We distinguish between
computer-readable data for research and computer-readable information of the
sort found in data bases containing bibliographic citations and abstracts of
published textual material. The latter are shared through many mechanisms and
are outside the scope of this paper. There are similar questions regarding access
to other categories of research source material, such as oral histories, and it is
likely that somewhat similar principles and imperatives would apply to these
other categories of source material as apply to computer-readable data for social
science research. The personal papers of statesmen, political, government, and
other public figures constitute primary source materials for the research of
historians and other social scientists as
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well as of scholars of literature and the arts, and access to such materials is
often restricted and is at best uneven. However, the issues confronted in dealing
with such materials are complex, controversial, and widely debated, and we
have been forced to rule them outside the scope of the present paper.

The operational records of government agencies and other organizations
are also not considered in this paper. These records constitute research
resources of very considerable value for investigation of social processes, and
they are also of central importance for purposes of policy and performance
evaluation and public accountability. Such records, moreover, are increasingly
maintained in computer-readable form so that transactions and activities are
documented in greater detail than formerly, and the records can also be
manipulated for analytic purposes. However, these records fall within the
purview of governmental, business, and other organizational archives that are
today largely ill-equipped to manage them in their computer-readable form or to
make them available for scientific use. A recent collection of essays (Geda et
al., 1980) provides a useful summary of the issues and problems presented by
these materials and calls attention to the risk of loss of major research
opportunities. These issues and problems are not reviewed in the present paper.

VALUES AND ADVANTAGES OF DATA SHARING

Beginning in the early 1960s, numerous books and articles have appeared
that discussed the values and advantages to be gained through open access to
basic social scientific data and that explore means for providing this access.
Much of the early literature emphasized the impact of change in the technology
of social science research. It was recognized that the social sciences were
undergoing the introduction of complex technologies analogous in some ways
to the costly instrumentation of the natural sciences. The consequences of this
new technology were seen as providing abundant research opportunities, but
these opportunities were also seen as accompanied by need for change in work
practices and uneven access among social scientists to research resources and as
interposing new obstacles to effective research.

The advent of computer technology and its application to social science
research meant that researchers had the capacity to manipulate large data
collections and to use complex methods of analysis in ways that previously had
been virtually precluded. At the same time, however, researchers faced high
costs for data collection and for processing data to computer-readable form,
uneven access to computational facilities and capabilities among social
scientists, and the possibility and value of multiple uses of data collections.
Hence the early literature emphasized need for mechanisms that would facilitate
generalized access to data and to computational capabilities required for their
use.
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It also became increasingly clear that standard publishing mechanisms
offered few effective solutions to the problems of access to research data: the
size of research data collections, and the attendant high costs of publishing
basic data, precluded this option. Furthermore, publication of scientific research
data that already exist in computer-readable form was seen to add an
unnecessary and expensive loop to the process of data sharing: to be used
effectively in research applications, such published data must be reconverted to
computer-readable form by each and every analyst who wishes to use them in
research. Finally, in more recent years numerous observers have noted that the
publishing of research results falls far short of satisfying goals represented by
the term “data sharing.” Few if any professional journals or monographs permit
or encourage the depth of exposition of research data and methods that underlie
reported research findings; it is therefore rarely the case that published research
reports satisfy a reader seeking to evaluate the basic data and techniques used in
a research investigation.

Increased use of sample surveys as a primary mode of data collection
constituted a further impetus to data sharing. By the 1960s, numerous
collections of sample survey data existed, some of them dating to the
mid-1930s, and the survey method of data collection had attained highly
sophisticated form. It was clear, however, that mounting a large-scale sample
survey was beyond the financial reach of most social scientists and,
consequently, many researchers were increasingly disadvantaged. Again, the
possibility of multiple research applications and the cumulative values of data
from welldesigned sample surveys was stressed.

To realize new research opportunities and to capitalize on new technology
required creation of new data facilities. These facilities were viewed, in some
cases, as functioning analogously to the laboratories and the research
installations of the physical sciences. They would provide mechanisms to
implement the obligations of original data collectors to share their data with
other researchers. They would devise and implement standards for data
collection and processing, contribute to the development of general-purpose
computational capabilities, and provide training in new approaches to social
science research.

Some of these same themes continue to underlie much of the literature
since the 1960s. (A partial list of the earlier and subsequent literature is
provided in the references and bibliography section.) Like the earlier literature,
subsequent contributions to this general discussion explore a variety of more
specific advantages and values of generalized access to basic computer-readable
social scientific data. In view of this large body of literature, we need only
briefly summarize those values and advantages here.
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Replication and Verification

Improved capacity to verify and replicate reported research findings is
among the most commonly discussed advantage of generalized access to data.
Obviously, use of computers and computer-readable data and increased use of
large bodies of data that are costly to collect increase the complexity of
verification and replication as compared with more traditional data sources and
research methods. The costs of a major survey are large, and repetition of the
survey for purposes of replication and verification of an original effort is
usually precluded. Thus replication and verification can often be accomplished
only through access to the data from the original survey. In addition, many of
the phenomena studied by social scientists are in some senses nonrecurring.
National elections are, of course, repetitive, but the specific contexts and
characteristics of elections vary. As a consequence, findings based on data
collected for one election often cannot be verified and replicated with data
collected for a subsequent election. Hence, the values of verification and
replication can often be served by access to the original data.

The need for simple verification of research findings is frequently
minimized since fraudulent research reports are thought to be rare. The risks of
data collection or analysis errors are greater, and erroneous findings due to such
errors are probably more common. However, there are also occasional reports
of fraudulent research, some of them with continuing and even dire
consequences. For these reasons the opportunity for verification using original
data is often seen as a vital element of the research process and as dictating
generalized access to data.

Access to basic data is often seen as facilitating three somewhat different
forms of replication of reported findings. One of these might be described as
“exact” replication. In this case the same data and methods are used to
determine whether the same results are obtained. The second form replicates
and tests reported findings using the same data but different analytic methods or
assumptions. Both of these are obviously forms of verification and are
sometimes seen as particularly important when data and research bear directly
on current social policy concerns. The third form of replication looks toward
testing the generality of reported findings. In this case data from different
contexts—national or temporal, for example—are used to discover the
conditions under which particular relations do or do not apply and, hence, to
generalize research findings.

Methodological Improvement

Further values served by open access to basic data are improvement of
measurement and data collection methods. In this view, the obligation to share
data with other researchers subjects data and data collection methods
methodological
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improvement is encouraged. In somewhat similar fashion, the availability of
extended collections of data is seen as holding benefits for the design of new
data collection efforts: in opportunities for exploratory research to determine in
differing contexts the adequacy of question wordings, unobtrusive scales, and
indicators, leading to improved measures and measurement validation.

Secondary Analysis

The value of data collections for extended, or secondary, analysis is, of
course, frequently discussed. The research potential of a welldesigned data
collection is rarely exhausted by the original data collector, and data collections
usually have value beyond those for which they were originally designed. Thus
data collections generally have multiple research applications. Moreover, the
availability of extended collections of data provide a basis for realization of
further values: in the possibilities of combining data, derived measures, or
analytic results from diverse collections in order to address new research
questions and in the comparative and longitudinal perspectives provided by the
availability of data collected at different times and in different places.
Realization of the latter values, it should be noted, not only dictates that data be
shared, but also that data be preserved and remain accessible for extended
periods of time.

Further values of data sharing for research are economic in nature and
follow from opportunities for secondary analysis. Generalized use of data is
believed to reduce research costs. The ready availability of data means that
researchers often do not need to collect data de novo but can pursue research
interests and goals by drawing on existing data. In this way, duplication of data
collection efforts and investments are reduced, and the research value of
investments in data collection are more fully realized. Opportunities to carry out
meaningful research are, in effect, democratized, and more social scientists are
able to conduct research and contribute to the development of knowledge.'

Generalized access to basic research data in readily usable form is also
seen as serving a variety of additional values, including pedagogical ones.
Original data are now frequently used in both substantive and methodological
instruction at the graduate and undergraduate levels as well as, occasionally, at
the secondary school level. Probably the best-known and most widely used
examples of instructional applications of this sort are the SETUPS
(Supplementary Empirical Teaching Units for Political Science) series
developed collaboratively by the American Political Science Association and
the Inter-university Consortium for Political and Social Research.

Twenty-one of these units have been prepared and more are now being
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developed or are planned. Each unit includes a brief monograph that poses a
substantive or methodological problem or set of problems and a specially
tailored data file to address that problem. By using original data in this fashion,
students are able to more directly experience the research process and come to
better understand the empirical bases and the contingent nature of research
findings. In a more general sense, instructional use of empirical data improves
social scientific and numeric literacy and enhances students' critical capacity to
evaluate the results of applications of social science methods, whether reported
in scholarly publications or in the mass media.

Ready access to data is also seen as holding values for public policy
purposes. The availability of data facilitates and encourages use of empirical
data in policy formation and evaluation and so improves policy. Ready access
to data also means, in this view, a capacity to more rapidly address policy
questions.

Numerous illustrations of the values summarized above could be cited.
Three somewhat diverse illustrations are touched upon here. One example is
provided through research by James S. Coleman and his colleagues (1966) on
the equality of educational opportunity. The second is taken from a quite
different area of inquiry: research into the economic history of the antebellum
South and the economics of slavery, carried out by Robert W. Fogel and
Stanley L. Engerman and reported in Time on the Cross (1974). In both cases,
the reported research engendered widespread debate and controversy,
sometimes acrimonious, among both scholars involved in the areas of inquiry
and others. However, because the original data on which the research was based
were generally available, scholarly debate could often be conducted on
empirical rather than purely speculative grounds.” The underlying data could be
explored and evaluated and the findings empirically tested and contested. The
consequence in both cases was that, despite controversy, debate was of a higher
order and more effectively conducted; weaknesses of original data collection
and research were better identified, and new and potentially rewarding areas for
further research found.

A third illustration is of a still different order and is provided by the
American National Election Studies, which are directed by Warren E. Miller.
These surveys have been conducted by the Survey Research Center and the
Center for Political Studies of the Institute for Social Research (located at the
University of Michigan) for each national election since 1952. Data from the
surveys provide an incomparable resource for cross-sectional and longitudinal
investigation of the formation and durability of political attitudes and of
American political processes. In more recent years, moreover, similar studies—
stimulated in part by these studies—have been conducted in many other nations,
including Australia, Austria, Canada, Denmark, Finland, France, Israel, Italy,
Japan, the Netherlands, Norway, Spain, Sweden, the
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United Kingdom, and West Germany. In some of these nations, their series now
span well over two decades. The various studies show marked similarity in
theoretical foci, in the structure of questions and measures, and in other design
characteristics. Thus, taken collectively, the data from these surveys constitute a
powerful resource for both longitudinal inquiry and cross-national comparison,
and they also exemplify the advantages, for purposes of designing new data
collection efforts, of general availability of data collections.

Distinctions and Reservations

While the values summarized above are recognized and stressed,
discussions of data sharing also draw distinctions, both explicitly and implicitly,
between different categories of data in terms of the importance of sharing and
the obligations of researchers to provide access. Data collections that threaten
privacy or place individuals or organizations “at risk” are usually seen as
requiring special treatment, although such concerns were less frequently
expressed in the earlier literature than they are now, and distinctions are also
made in the case of proprietary data collected for the purposes of private
enterprise. Issues of privacy and confidentiality and questions of proprietary
data are discussed in a subsequent section; here we are concerned with
distinctions that center on such issues as the presumed intrinsic importance of
data collections, the purposes they were designed to serve, and the relative ease
with which particular categories of data collections can be replicated.

Distinctions are often drawn between large-scale data collections,
particularly sample survey data collected at public expense, and smaller bodies
of data collected at personal expense. There is widespread agreement that the
former category of data should be shared and made generally available in a
timely fashion, although there is less agreement as to what constitutes “timely.”
Sharing smaller data collections, particularly those created at individual
expense, is often seen as less important, and obligations to provide access to
such data are considered less pressing. These distinctions seem to be based on
the presumed lesser value of smaller data collections for the purposes of
secondary analysis, the sources of financial support for data collection, and the
greater ease and lower cost at which smaller data collections can be duplicated.
A similar distinction is sometimes also made for data collected from published
or other public record sources. The presumption seems to be that because the
original data can be found in published or otherwise publicly available sources,
they can also be collected and processed by the secondary user; consequently,
sharing is less obligatory or useful.

Further and more specific distinctions are also sometimes made in terms of
the purposes data collections are intended to serve and their potential for
affecting government, public affairs, and human life. Hedrick et al. (1978)
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suggest, for example, the importance of general and immediate access to data
collected for purposes of formulating and evaluating public policy. And their
views might be extended to include other categories of data for applied social
science research. Such data are designed to provide a basis for social program
and policy decisions, and their potential for directly affecting people's lives is
great. Thus in this view there is greater need for rapid evaluation of data and for
replication of analytic findings than in the case of data designed to serve the
purposes of more basic social science research.

Distinctions such as these may be useful and even necessary in pragmatic
terms. Obviously, it would not be realistic to envision sharing and open access
to all data collected by social scientists. However, distinctions of this sort may
be difficult to implement in practice, and they may appear in conflict with the
values and advantages summarized above. It is, after all, difficult to anticipate
the potential secondary research applications of data collections whatever their
size, focus, or content. Even data from the most limited case study, for example,
can sometimes be combined with other data to provide a basis for more
extended explorations. The view that data collected from public sources and
processed to computer-readable form can be readily duplicated is at best only
partly correct. Such data collection efforts usually involve large investments of
time and energy, and to duplicate them is obviously wasteful. Of greater
importance, data collections of this sort often draw on multiple sources, some of
which may not be easily accessible, and often use complex derived measures
and aggregations. Given the imperfections of the mechanics of citation, it is
frequently impossible to completely identify precise sources and methods and to
reconstruct derived measures and indexes. Hence duplication of such data
collections and replication and verification of reported findings are often
difficult if not impossible.

The recent controversy centering upon research reported by Martin S.
Feldstein that shows social security as a disincentive to saving is a case in point
(Feldstein, 1974, 1980; Leimer and Lesnoy, 1980). In this instance, the original
sources from which the data were obtained were not as easily identified or
available to others as was apparently assumed, and complex derived indexes
could not be readily reconstructed. Because the data were not shared, the
process of replicating and verifying the reported findings was slowed, a
programming error that marred the original analysis was not more promptly
discovered, and effective debate and evaluation of the findings were delayed.

It is likely that few people would contest the importance of early and
general access to data explicitly designed to provide a basis for policy formation
or evaluation or for social action. However, to argue that access to data for more
basic research is of lesser importance presents difficulties. It is worth noting
that Isaac Ehrlich's research on the deterrent effects of capital punishment,
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one of the controversial recent examples of contestable research with immediate
policy consequences (Ehrlich, 1975; Bowers and Pierce, 1975; Passell and
Taylor, 1975) was apparently not commissioned to provide a basis for policy
decisions. The capacity to predict that particular research will or will not have
policy consequences is far from perfect, and it is plausible to argue that most
research has the potential for policy consequences.

It may well be that for practical reasons distinctions such as discussed in
this section must be made. However, the values and advantages of general and
timely access to data appear commanding, and the rule should be, it would
seem, to err on the side of these values and advantages rather than to move
prematurely to distinctions.

INCIDENCE OF DATA SHARING

The importance and value of data sharing in the social sciences can be
illustrated in a number of concrete, albeit somewhat unsystematic, ways. As
will be noted at several points below, nothing approaching comprehensive
information is available documenting either the incidence of data sharing or the
multiple use of data collections. Several illustrations indicate, however, that
very considerable sharing occurs and that data sharing is one of the vital
underpinnings of research and instruction in the social sciences. The
illustrations below also suggest that significant progress has been made toward
realization of the values summarized in the preceding section.

Social Science Data Archives

Data sharing occurs in a variety of ways, including informal sharing
among individual scholars and research groups as well as through organizations
that function as data repositories and dissemination services. Indeed, one
indication of the importance of data sharing is the development in the United
States and other nations during the past two decades of numerous organizations
that serve as mechanisms to provide general access to the basic data of social
science research. These facilities include national—indeed, international
—*“social science data archives” in the academic sector, various private
organizations that provide access to data, as well as organizations that maintain
and disseminate data collected by government agencies. In addition, numerous
local facilities maintain data collections, usually obtained from national data
organizations, for use by a particular university community, government
agency, or private firm. (A selected list of data organizations appears as the
appendix to this paper.) The existence of these facilities and the resources
invested in them suggests, of course, the value and importance of data sharing
and multiple use of data collections.
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The Inter-university Consortium for Political and Social Research (ICPSR)
serves, among other functions, as a social science data archive. It is based on
institutional memberships: some 270 colleges and universities in the United
States and more than a dozen other nations are currently members. In return for
an annual membership fee, individuals at member institutions have access to
ICPSR data holdings and related services. (Access to data and services is also
available, at a charge, to individuals located at nonmember institutions in the
government, private, and academic sectors.) At present, ICPSR data holdings
include more than 12,000 data files. A primary source of ICPSR data holdings
is individual researchers and research groups who deposit data that they have
collected in the course of their own research. Data are also obtained from
government and private agencies, and the ICPSR staff collects and processes
data, usually from public record sources. The size of ICPSR data holdings is a
concrete indication of the willingness of researchers to share data.

The data holdings include virtually all forms of social science data and
span much of the spectrum of social science research. They range from
relatively small cross-sectional surveys through large, extended, continuing
surveys. In the latter category are the series of American National Election
Studies (referred to above); the Panel Study of Family Income Dynamics
carried out each year since 1968 under the direction of James N. Morgan; the
National Longitudinal Surveys of Labor Market Experience conducted by
Herbert S. Parnes; and the General Social Survey conducted by the National
Opinion Research Center under the direction of James A. Davis and others.
Also included in this category are the series of surveys conducted since 1971 in
the nations of the European Economic Community under the auspices of the
Commission of the European Economic Community.

Extensive collections of public record data are also included in the archive.
These include comprehensive voting records for the United States Congress
from the Continental Congresses to the present and voting returns at the county
level for elections to the offices of president, governor, and United States
senator and representative from 1789 to the present. ICPSR also holds extensive
data from the United States censuses from 1790 to the present, including
unpublished data from the censuses of 1960 and 1970 (comprehensive data
from the 1980 census are now being added) as well as data from the Current
Population Surveys and various other data collection activities of the Bureau of
the Census. The archive also includes data from censuses of various other
nations, voting records from the United Nations, and data collected by the
United Nations and other international agencies.

In substantive terms, the ICPSR data bear upon the society, politics, and
economy of the United States and a variety of other nations in both
contemporary and historical perspective. Extensive data are also included that
bear
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upon the operations of the international political system and economy, the
formal and informal interactions between nations, and domestic and
international violence. Included as well are data collections pertinent to
education, crime and deviance, criminal justice, public health, aging, and
developmental processes more generally. The data holdings, in short, are a
shared resource that is relevant to the study of social, economic, and political
processes in virtually all their dimensions.

Dissemination and use of these resources is at least suggestive of growth in
both the incidence and importance of data sharing. The volume of data supplied
by ICPSR for research and instructional applications has steadily grown through
the years. In fiscal 1983, for example, some 307 colleges, universities, and other
organizations were supplied data amounting in total to over 138 billion
characters of information. By comparison, in fiscal 1976 only 8 billion
characters were supplied.

There is no solid information as to the nature of the actual use of the
ICPSR data; figures given in the above and following paragraphs reflect
institutional distribution of data by ICPSR. Data are supplied to a college or
university and maintained by a local data facility for faculty, staff, and student
use. In some cases data are supplied to one university for redissemination to
other colleges or universities in the vicinity. Multiple uses of the same data are
the rule, but few statistics on the number of discrete uses of a particular body of
data supplied have ever been assembled. It is known that for the years from
1975 through 1980, more than 500 books, articles, dissertations, and conference
papers were reported to the ICPSR staff as based entirely or in part on data
obtained from ICPSR, and there is reason to believe that these constitute only a
portion of the papers and publications that used these data. Several samplings of
professional journals and programs for the meetings of professional associations
indicate that no more than half of the publications and papers based upon
ICPSR data are reported to the staff. We cannot comment on the importance of
these publications and papers as contributions to social science research, but we
note that the magnitude of data supplied and the number of publications suggest
rather extensive interest in data sharing and also indicate a measure of
realization of the values of data sharing.

Data Collections as National Resources

A further indication of the incidence of data sharing is of a different order.
In recent years research funding agencies have supported several major data
collection efforts that are explicitly designed to serve the research interests of
extended communities of scholars rather than those of individual researchers or
research groups. These data collections, in other words, are explicitly designed
to serve the research interests of extended communities of scholars
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rather than those of individual researchers or research groups. These data
collections, in other words, are explicitly intended to be shared. Four examples
are noted here. The multiwave Panel Study of Income Dynamics and the
American National Election Studies began as specific research projects (the
former in 1968 and the latter in 1952) and were subsequently continued to
provide data to be immediately available to all interested researchers. The
General Social Survey began in 1972 as a general-purpose scholarly resource. A
fourth example is provided by the two World Handbooks of Political and Social
Indicators (1964 and 1972), which also involved collection of extended data for
general scholarly use.

Here again, partial information on the use of these data collections can be
provided. To date more than 200 copies of the data collection provided by the
Panel Study of Income Dynamics have been supplied by ICPSR to academic
institutions and other organizations, and additional copies of the data have been
supplied directly to researchers by the project staff. Over the past 18 years the
data files produced by the American Election Studies have been used by tens of
thousands of researchers and their students throughout the world. Copies of the
machine-readable data files from one of the most recent surveys in this series,
the 1978 American National Election Study, have been supplied by ICPSR to
more than 100 academic and other institutions. More than 1,000 publications
and other research contributions based on this series of studies have been
reported (Center for Political Studies, 1980), and here again there is every
indication that the actual incidence of publications and papers based entirely or
in part on these data has been significantly underreported. Information about the
use of the third and fourth data collections noted above is more limited. ICPSR,
however, has furnished well over 1,000 copies of specific files from the General
Social Survey series to various institutions, and the Roper Center for Public
Opinion Research, which also distributes the data, has supplied additional
copies. Jodice et al. (1980) report some 300 research applications employing
data from the two World Handbooks of Political and Social Indicators.

As noted in the preceding section, shared data are used not only for
research but also for teaching. As in the case of research use, only limited
indications are available as to the actual incidence of instructional applications
of shared data. Data for the SETUPS teaching units (described above) are
maintained and disseminated by ICPSR, as are data for a number of other
teaching packages. To date more than 1,150 of these instructional data files
have been supplied by ICPSR for use at well over 350 colleges and universities.
Here again, these figures undoubtedly seriously understate actual use. The data
in question were supplied to institutions to be maintained for continuing use,
and it is at least highly likely that these data were used in more than one class.
No record is available of these multiple uses, nor is there a record of the
instructors
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who have used shared data to fashion their own packages for instructional
applications.

Again these illustrations are intended only as indications of the incidence
of data sharing and of its value and importance for research and teaching.
Nothing approaching complete information is available, and it is certain that
these illustrations provide only a very partial indication of the incidence of data
sharing and of multiple applications of shared data collections. Taken in total
they strongly suggest, however, that data sharing has become an important
mechanism to support research and teaching in the social sciences.

TECHNICAL OBSTACLES TO DATA SHARING

While data sharing in the social sciences appears widespread, there are also
important obstacles that often slow the sharing process or completely prevent it.
For the purposes of the present discussion these obstacles can be grouped into
two categories. The first includes essentially technical problems, most of which,
at least in principle, can be solved. The second category relates to what might
be described as conflicting values and obligations and to the reward structure of
the social sciences and, for that matter, of the sciences more generally. In this
area, solutions are less easy to identify.

Stated in general terms, technical obstacles to sharing computer-readable
data in the social sciences reduce to matters of machine and software-system
incompatibilities, data-file structures, and standards and procedures for
recording, processing, and documenting data. In earlier stages of the
development of computer technology, essentially technical factors sometimes
constituted virtually insurmountable barriers to transferring data from one
computer installation to another. At the present stage of technology, however,
difficulties encountered in transferring data from one installation to another are
largely due to the practices of original data collectors and processors rather than
to technical factors.

Machine Incompatibilities

Earlier, for example, computational equipment was characterized by
considerable variation in terms of conventions used for internal representation
of information. Variations existed not only between equipment produced by
different manufacturers, but even between machines produced by the same
manufacturer. Today, however, very significant standardization has occurred.
Variations still exist, but they can be overcome by what might be termed a
lowest-common-denominator approach. That is to say, data recorded in
character mode can be more consistently transferred from one machine to
another than data recorded in binary mode. Common conventions
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for internal storage and representation of character-mode data (either ASCII or
EBCDIC) have been more widely accepted than for binary-mode data.
Similarly, data organized in card-image or rectangular logical record format,
whether recorded on magnetic tape or other media, can be more readily
transferred between installations than data organized in other forms. The only
major exceptions to these generalizations involve recently developed
microcomputers and the nonstandard data storage devices (floppy and hard
disks, cassettes, etc.) they use. Acceptance of common conventions is less
general across this equipment than in the case of larger computational devices.

Incompatibilities of Software Systems

Technical requirements and characteristics of data management and
analysis computer program systems also sometimes complicate date sharing.
Data organized for analysis using the Statistical Package for the Social Sciences
(SPSS), for example, cannot be analyzed using the Statistical Analysis System
(SAS) without reformatting and reorganization. Here again, the character-mode,
card-image, or logical record approach referred to above constitutes a common
denominator. Data records in these forms can be organized and restructured
(“filebuilt,” to use the jargon) to meet the requirements of these systems or any
other available general-purpose computer software system. To do so, however,
requires rather elaborate and time-consuming effort. Some of these systems
include capabilities that allow data prepared for another system to be “read” and
somewhat routinely converted to the required form and structure. Conversion
capabilities of this sort could probably be added to all such systems.

Many of the problems encountered in converting data prepared according
to the conventions of one software system for use by another revolve around the
database dictionaries rather than the data records themselves. Database
dictionaries contain technical and substantive information about the data file
and each of the data elements in it. By prerecording this kind of descriptive
information in computer-readable form in a database dictionary, the actual
retrieval and analysis of data is greatly simplified. Indeed, the development of
database dictionaries, begun in the late 1960s, stands as an important innovation
in facilitating ready access to and use of large and complicated data collections.
Yet most database dictionaries in use in the social sciences are tied specifically
to certain software packages like SPSS, OSIRIS, or SAS; their conversion for
use by other packages is usually not straightforward. Thus, researchers
attempting to use data prepared by others must often forgo direct use of
information contained in the “foreign” database dictionary or, alternatively,
they must reenter the information into a computer-readable form compatible
with locally available software. As mentioned above, conversion capabilities
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could be added, or are being added, that would allow computer installations to
accept database dictionaries prepared for other systems. These additions would
surmount a significant barrier to effective data sharing.

Difficulties are also encountered in transferring large and complexly
structured data files for use at other installations. The first issue is a matter of
limitations of machine capacity at recipient installations and can usually be
overcome by provision of custom subsets of larger files tailored to specific
needs. The second is a matter of availability of appropriate computer program
capabilities. Increasingly, social scientists have begun to use complex structures
to organize data, such as hierarchical and, to a lesser degree, network structures.
While these file structures are appropriate for the data and facilitate data
management and research applications, computer programs to work with such
structured data are not available at many installations. Data structured in these
fashions can usually be converted to more standard rectangular (“flat”) form,
but to do so requires appropriate software, and the result of a “flattening”
operation is a data file that is substantially larger than the original structured
file. At present, however, this difficulty remains relatively confined, since files
with complex structures are not yet widely used. It is also a difficulty that can
be overcome through further development of general-purpose computer
programs.

Data Preparation and Documentation

Further obstacles to data sharing result from matters of data preparation
and documentation. Data received from original collectors often have
undocumented codes, inconsistencies, and other errors; coding conventions and
formats that are not acceptable on other systems; and inadequate
documentation. The result in such cases is data that can be used only with
difficulty or not at all. Problems of this sort are sometimes said to be the
product of absence of standards for data preparation and documentation. In fact,
however, basic standards for preparation and documentation are rather widely
accepted and followed (they are stated systematically in Geda (1979) and
Roistacher et al. (1980); the problems arise because the original data collectors
and processors are not aware of the existence of the standards or they are simply
not followed.

This situation seems to result from several considerations that, on the
surface at least, appear fully understandable. Data collectors sometimes prefer
to continue to follow data preparation and documentation practices with which
they are familiar even though those practices may be at odds with the ones
followed by others and with accepted standards. Investment in converting to
new practices is seen as unnecessary. Accomplishment of research goals is
often not seen as requiring fully “cleaned” and well-documented data.
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The requirements of research, in other words, may be different than those
of data sharing, and data are collected primarily to achieve particular research
goals, not to serve the purposes of data sharing and secondary analysis.
Considerations of funding are sometimes at issue. Available financial resources
are seen as inadequate to support both data collection and analysis as well as
elaborate data preparation and documentation. In this situation, the latter work
is given lower priority.

Views such as these are in need of reconsideration, and not solely because
of data sharing. It is likely that application of basic standards of data preparation
from the beginning of data collection, through data processing, and throughout
a project would result in reduced rather than increased project costs. A more
readily usable file would be created, and time-consuming interruptions of
analysis to correct errors would be avoided. Costly back-tracking to recover
needed but unrecorded information would similarly be reduced or eliminated,
and, certainly, the purposes of data sharing would be better served.

A distinction should be made here between technical and substantive
documentation. By substantive documentation we mean such matters as
descriptions and explanations of sampling procedures and of the original design
of the data collection and of deviations from it; of the assumptions that underlie
particular questions, combinations of questions, and derived measures; of the
degree to which instruments were pretested and the results of those pretests; and
so on. As noted above, basic standards for technical documentation have been
established and are in use in the preparation of many research data collections,
but practices regarding substantive documentation are less consistent and
probably generally less adequate than in the case of technical documentation.

Yet the substantive aspects of documentation are fully as important as
technical ones in facilitating effective secondary use of data collections. Data
may be in perfect technical order and readily usable in these terms, but if the
substantive documentation is inadequate, the data are subject to inadvertent
misuse with the result of misleading or erroneous findings. The inadequacies of
substantive documentation are apparently widespread and extend to the
literature reporting research findings.

Data Access

We argue here that technical obstacles to data sharing are largely related to
the practices of original data collectors and processors rather than to the
peculiarities of computers and data processing equipment. We have referred,
however, to data sharing that involves actual transferral of copies of data
collections, whether directly from one researcher or installation to another or
through an
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intermediary data archive or other organization. For some of the purposes of
secondary analysis, the process of transferring data is not fully adequate and
may indeed present a barrier to data sharing.

Secondary analysis often requires that researchers combine data from
diverse data collections to create a new data collection designed for new
research goals. The ready availability of data collections means that researchers
can carry out exploratory analyses to design new data collection efforts, to
assess the efficacy of particular measures and questions, and to perform
preliminary tests of hypotheses. But to achieve these benefits under present
modes of data sharing, a researcher must acquire data collections and install
them on local equipment, a process that often involves time delays and
considerable investment in data manipulation. The consequence is likely to be
that researchers sometimes forgo the benefits of available data.® Difficulties
such as these could be reduced through remote access to data collections.
Remote access to on-line data collections is now fully feasible in technical
terms, but under present conditions is unnecessarily cumbersome and costly and
is, as a consequence, only used in limited ways by academic researchers.

CONFLICTING VALUES AND OBLIGATIONS

Before turning to the issues of conflicting values and obligations, it may be
useful to briefly consider several related matters. One of these concerns
individual creativity. The design and execution of a data collection effort is a
creative activity that sometimes involves innovative techniques. Why should
secondary analysts be allowed to benefit from the creative work of original data
collectors to which they themselves did not contribute, and why should original
data collectors be expected to reveal their innovative techniques to others who
are potential competitors? A further question concerns the alleged temptations
presented by data sharing: since secondary analyses that replicate and confirm
reported findings are difficult to publish, secondary analysts, or so this view
holds, are tempted to be unfairly critical of the original work. The latter
allegation is, of course, related to another allegation that is sometimes made:
that original data collectors sometimes refuse to share data out of concern that
that their reported findings may be refuted and inadequate methods revealed.

There are several responses to these views. The notion of private
individual creativity, at least as phrased above, contradicts the concept of open
pursuit of replicable and testable knowledge, particularly in the case of costly
data collections that cannot be readily duplicated. Development of innovative
techniques, moreover, is a contribution for which professional reward and
recognition is often given. Furthermore, critical examination and evaluation of
data collection and analysis procedures are necessary elements of the
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research process and should be listed as benefits of data sharing, not liabilities.
Unfair criticism is obviously undesirable, but there are other mechanisms
available to discourage such practices that do not involve secrecy. Reports of
replications that confirm original results are probably too frequently rejected for
publication: greater receptivity on the part of editors and reviewers to such
studies, particularly those that involve innovative replications, would be a step
toward removing obstacles to data sharing.

Rewards for Data Sharing

These issues are obviously related to the reward structure of the social
sciences. What might be termed the reward dilemma is easily stated. In social
science research, as in the sciences more generally, rewards come from original
research contributions, not from contributing data for use by others. Sharing
data may be desirable, it may contribute to the development of knowledge, and
it may facilitate the research of others, but it has no place on the curriculum
vita. In fact, data sharing may hurt: premature release of data may allow another
to publish it first, and any sharing deprives the original investigator, and
perhaps students and colleagues, of long-term opportunities to mine data
collections.

These are real values that cannot be easily set aside, and they are at odds
with the individual and collective values summarized in a preceding section.
But the dilemma is obviously overstated, and its various components are not of
equal weight. There are rewards for sharing data. Contribution of valuable data
for use by others is recognized, albeit often only informally, and one component
of the stature of some senior scholars is probably the quality, value, and
innovative nature of data that they have collected and shared. However, rewards
for sharing data could be strengthened. A minimal step would be to improve
citation practices. Journal editors might take greater care to ensure that the
sources of data that provide the bases for submitted manuscripts are fully and
accurately cited. Although the suggestion may appear trivial, some sort of
public recognition of data contributed for secondary use, perhaps in the form of
journal or newsletter notes, might be valuable. It is also worth noting that
sharing data is beneficial to all. To the degree that a norm of data sharing is
followed, original data collectors also have access to the data collected by others.

Concerns for prior publication by others as a consequence of prematurely
shared data can also be exaggerated. The concerns often seem to neglect the
advantages primary investigators have over secondary analysts. Primary
investigators design instruments, measurement procedures, and data collection
strategies, and they do so to address well-formulated research questions. Thus,
the possibility that secondary analysts, even with immediate access to
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data, will be able to scoop primary investigators in any significant way seems
limited.

There are also steps that could be taken that would further reduce such
possibilities. A useful small step might be taken by foundations and other
research funding agencies. In some cases funding is sufficient to support data
collection but insufficient to support analysis, so that reports of primary
findings as well as data sharing are delayed. In these situations, more adequate
research support would speed both processes.* It is also sometimes argued that
funding is adequate to support data collection and analysis but insufficient to
support the documentation, cleaning, and processing of data to forms adequate
for use by secondary analysts. As suggested above, however, adherence to basic
standards of data preparation from the beginning of data collection would
probably reduce rather than increase costs and would produce data collections
adequate for secondary analysis.

Mechanisms to protect the prior rights of primary investigators, even
though data are shared, have been suggested. One of these is to accord to
primary investigators for some specified period after release of data a right to
review manuscripts by secondary analysts and to request delay of publication.
Such a mechanism—and others of a similar nature—may have disagreeable
implications and may also admit to abuse, but it has been used and may merit
consideration.

Suggestions such as these obviously do not reconcile the dilemma, but the
dilemma is still overstated. The scientific value of data sharing appears
commanding, and it is probably the case that many, perhaps most, academic
data collectors are agreed that sharing data is desirable, with specific categories
of data noted as exceptions (see below). There is probably also substantial
agreement, in principle, that data should be shared after a specified period,
perhaps 1-2 years to allow time for completion of initial analyses and
publication. Steps are needed to institutionalize such a norm while recognizing
legitimate exceptions, and suggestions to this end are made at the conclusion of
this paper.

Such a norm, however, should not be categorical. In the case of several
categories of data, a norm of more immediate release would be desirable. There
is no obvious reason, for example, why data relevant to social science research
that are collected by government agencies and that do not pose hazards to
confidentiality or national interest should not be made available immediately.
Similarly, it would seem that data collections commissioned to address public
policy issues should be subject to early release, and this norm should also
extend to data that, though not commissioned for public policy purposes, bear
directly on policy issues. And finally, for data that are of immediate value to
large numbers of researchers and that relate to critical research issues, a norm of
early release would appear desirable, however, with
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appropriate steps to accord recognition to original data collectors and to ensure
that they obtain the benefits of initial publication.

Misuse of Scientific Data

Another area of value conflict involves the possible misuse of scientific
data. There are at least two aspects to this issue. One involves the concern that
other researchers will misapply data and arrive at erroneous findings, perhaps
through use of inappropriate methods or by failing to recognize limiting
characteristics of data. A related concern is that secondary analysts will waste
their time pursuing avenues of inquiry that the primary investigator has already
found to be fruitless. While misapplications of data and wasted effort are
obviously undesirable, refusal of access to data on these grounds may
sometimes seem to imply omniscience on the part of a primary investigator.
The peer review system, moreover, remains the primary safeguard against
publication of erroneous findings. Whatever the shortcomings of peer review—
and they are surely many—it appears preferable to denial of access to data on
the basis of the prior judgments of original data collectors.

The second concern is that data will be used for unscientific purposes,
perhaps for profit making or to serve ends that the original data collector
considers inappropriate or antisocial (such as deliberately casting particular
groups in an unfavorable light). In some instances, such concerns are taken as
arguments against all data sharing; in others they are taken as reasons to limit
data sharing to established and recognized scholars or to academic researchers.
It is easy to sympathize with some of these concerns. Except in the case of data
that bridge privacy or place individuals or organizations at risk (discussed
below), however, these concerns do not seem to justify complete refusal to
share data. To argue, moreover, that use of data should be confined to
established or academic researchers only and that use for government or
commercial purposes should be precluded raises complex questions,
particularly for data collected at public expense. From some points of view at
least, the right of an original data collector whose work was supported by public
funds to make such a decision would be highly questionable. Similarly, to allow
only particular private groups access to data while refusing access to other
groups would also present questions of propriety and would involve judgments
and distinctions that some researchers would be unwilling to make.

Proprietary Interests

A further set of conflicting values concerns proprietary data. Commercial
concerns sometimes collect data that have potential value for social science
research. Since these data are collected for profit-making purposes, provision
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of general access would be competitively disadvantageous.

One example is data collected by the A. C. Nielsen Company on television
viewing habits, which includes data on characteristics of households and of
small areas; data collected by commercial polling firms constitute a more
obvious example. Still other firms collect data that both provide a basis for a
profit-making service and are sold, sometimes at high prices, for a profit.

(The Dun & Bradstreet small-area data are an example.) It is unlikely that
social scientists can achieve open and general access to such data. But if a data-
sharing norm was more fully institutionalized within the social sciences, such
firms might be encouraged to provide at least limited access to their data,
perhaps in the form of “public-use tapes,” for social science research. (Some of
the approaches discussed below to provide access to confidential data might
also afford a means to allow social science researchers access to proprietary
data of this sort.)

A second category of data that is sometimes treated as proprietary is that
collected by private firms for purposes of policy or performance evaluation
under contract from government agencies. In some cases, the data are retained
by the firms as a basis for further work on their own. In this case, however,
there is no obvious reason to exempt such publicly funded data from the general
norms of data sharing suggested above, and the contracts commissioning such
data collection efforts provide a convenient means to ensure data sharing.

Proprietary issues also arise in another way. Some organizations,
individuals, and groups of individuals resist being the subjects of research—out
of concern for privacy or fear of embarrassment or damage—and are willing to
cooperate with researchers only under restrictive conditions. In some instances
these restrictions include explicit or tacit understanding that data collected by
the researcher will not be made available to others. Even in the absence of such
understandings, researchers sometimes fear that release of data will effectively
“dry up the source” and result in future refusals to cooperate. Hence, data
sharing is understandably resisted.> Here again, approaches that might be used
to provide at least limited access to data that threaten confidentiality might also
be used to provide access to data of this sort.

Confidentiality and Privacy

Among the most frequently discussed and controversial issues about data
sharing are those that relate to matters of confidentiality. Some categories of
data allow identification of specific individuals or organizations. As a
consequence, such data abridge privacy and place individuals and organizations
at risk of damage or, at least, embarrassment. Issues of confidentiality and
privacy raise complex legal questions that we are not qualified to discuss (see
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Cecil and Griffith, in this volume). Here we can only attempt to better define
the magnitude of the problems presented by this kind of data and note various
means to allow shared use of data without abridging confidentiality or privacy.

Most social science research does not require identification of specific
individuals or organizations. For that research, problems of confidentiality
would be solved if the simple practice of removing names and substituting
numeric identification codes was uniformly followed. Similarly, confidentiality
would be further preserved if occasional data values that reflect rare attributes
and, hence, allow identification of specific individuals or organizations were
consistently removed from data collections.® For most data and most research
purposes, uniform adherence to these simple practices would preserve
confidentiality and privacy.

It is often noted, however, that in some cases combinations of variables
can be used to identify specific individuals or organizations through a process
of “triangulation.” It is also sometimes possible to combine data from different
sources in a triangulation process. (The combination of automobile registration
information with small-area data from the U.S. census is sometimes given as an
illustration of this possibility.) Three means to avoid such possibilities have
been suggested and implemented: to introduce limited random error into data;
to group data; and to combine variables to create composite variables that do
not allow identification of specific individuals.

Obviously, all of these approaches involve some reduction of the research
value of data. A fourth approach, removing offensive variables entirely, is even
more strenuous in this respect. But before undertaking or advising these rather
heroic steps, it might be legitimate to ask why, under what circumstances, at
what costs, and at what risks to whom would the laborious process of
triangulation be undertaken. Whatever the answer, however, most social science
research does not require data that allow identification of individuals, and
whenever necessary, means are available to prevent it.

There are categories of research that require use of data with identifiable
individuals or organizations. Investigations of elite groups or other small or
special populations with rare traits and studies of particular organizations or sets
of organizations are examples. In such research, the means noted above cannot
be used to protect confidentiality. Even for this research, however, approaches
have been suggested and used to allow at least limited sharing of data. One
approach involves a form of licensing or “swearing in” as a condition for access
to data with the possibility of legal sanctions and penalties for breaches of
confidentiality. Another approach involves provision of custom data reductions
and analyses: for example, some organizations maintain confidential data
collections and provide, to user specifications, subsets of data, summary
measures, or analytic results that do not allow identification of individuals.
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Both of these approaches might also provide a means to allow access to
proprietary data. Obviously, using either of these approaches, a researcher is
effectively subjected to a measure of surveillance, and some restraints are
imposed on the kinds of research and analyses that can be carried out. Even so,
they do permit at least limited access to otherwise inaccessible data.

MODES AND FACILITIES FOR DATA SHARING

There are two primary modes for sharing and providing access to social
science data. The first of these is simple sharing in informal and somewhat ad
hoc fashion among researchers. Individual researchers and research
organizations simply request and receive copies of data from other researchers
and organizations. In some cases, data so obtained are then supplied to still
other individuals. The second mode involves use of intermediary facilities that
function as data repositories and dissemination services. In some instances, the
facilities are a part of research organizations or data collection agencies; in
others they are more or less independent organizations.

Informal Data Sharing

Data sharing in substantial but unknown volume occurs through the first
mode, and informal sharing in this manner is often seen as involving significant
advantages. One advantage is economic: the original data collector bears the
costs of maintaining and supplying data or charges those who request data the
minimal costs of copying tapes and duplicating documentation.” There are no
overhead costs for maintaining an intermediary installation. Other advantages of
this mode are the intimate familiarity data collectors have with their own data
and their consequent ability to advise and assist secondary analysts.
Intermediary agencies are believed to lack this familiarity or conversance with
data. Still a third advantage of the direct, informal mode is the absence of
bureaucratic obstacles that intermediary facilities are sometimes seen as
interposing between original data collectors and secondary users.

Some of the disadvantages of this mode to data sharing are related to its
advantages. Since the original data collectors bear the costs of maintaining data
collections, they suffer at least the distractions involved in honoring requests for
data. If requests for data are numerous, those distractions may become
intolerable and, for that reason, the data may become unavailable or may not be
preserved for extended periods. Thus the cumulative value of data collections is
reduced.

This informal data sharing approach probably occurs most commonly within
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networks of researchers working in the same areas. Researchers in other areas
are less likely to know of the existence of relevant data, and their requests for
access may be less readily honored. Hence this mode is less likely to facilitate
interdisciplinary use of data or to allow realization of the combinatorial
opportunities provided by data sharing. Technical difficulties—in terms, for
example, of nonstandard formats and inadequate documentation—are also
likely to be more frequent in informal data sharing, and safeguards for data
quality are probably less effective.

Sharing Through Intermediary Facilities

The second approach to data sharing, through intermediary facilities,
requires somewhat more extended discussion. As noted above, there are
numerous such facilities in the academic, government, and private sectors in the
United States and other countries. These include nationally oriented social
science data archives in the academic community, which function in more or
less general-purpose fashion in that they are oriented toward several or all social
science disciplines. A number of agencies of the federal government also have
data centers that maintain, manage, and disseminate data produced by those
agencies. Finally, there are numerous local facilities that provide access to data
—often obtained from national data organizations—and provide other data
services for a particular university community, government agency, or private
firm. Thus it is possible to speak of an extended, if somewhat inchoate, network
of data facilities that extends from the level of local installations and clienteles
to the national and international levels. (The appendix is a partial list of these
facilities.)

At this point we are primarily concerned with the nationally oriented data
archives in the academic sector, which seem to be the primary organizational
mechanism used for sharing data for social science research. The ICPSR, one of
these archives, was discussed above. A second is the Roper Center for Public
Opinion Research, located at Yale University and the University of
Connecticut. The Roper Center differs from ICPSR in that it is primarily,
although not exclusively, oriented toward sample survey data collected by
commercial firms and agencies (ICPSR data holdings largely originate from the
academic and government sectors). The extended data holdings of the Roper
Center are highly diverse in substantive terms, they cover many nations, and
they have the advantage of considerable temporal reach: some of the data are
from surveys conducted as early as the 1930s. Data archives in other nations
include the Zentralarchiv fiir empirische Sozialforschung, at the University of
Cologne; the Danish Data Archives, at the University of Odense; the Social
Science Research Council Survey Archive, at Essex University in Great Britain;
the Belgian Archives for the Social Sciences, at Louvain la Neuve
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University; and the Steinmetz Archives in the Netherlands. There are, in
addition, a number of private-sector organizations that provide access to social
science data produced primarily by the federal government. Chief among them
are DUALabs, Inc., of Arlington, Virginia, and Data Resources, Inc., of
Lexington, Massachusetts, among others.?

The academically based organizations listed above differ in substantive
orientation and in terms of the forms of data they hold. Their basic function,
however, is the same: to maintain data resources and make them available for
research and instructional applications. The primary source of data is
researchers who have collected them in the course of their work, but data are
also obtained from government and private sources, and data are sometimes
collected by the archives themselves. On a selective basis, the archives process
data to eliminate or document errors and inconsistencies, convert them to
standard format to facilitate dissemination, and prepare documentation. In most
cases data can be supplied, usually on magnetic tape, to researchers in technical
forms compatible with requirements of local computational facilities.”

The financial bases of the academically based organizations are highly
diverse and in some instances resemble patchwork quilts. In some cases support
is derived from a combination of member fees or other subventions from
participating colleges and universities, fees for services, and subsidies from the
universities at which they are located. Grants and awards from government and
private research funding agencies are also received, usually to support special
projects or for development of facilities. Support for the operations of some of
the European archives is provided by national governments or research-
supporting agencies. In some cases private-sector data organizations are for-
profit operations, while others are not for profit. Government data facilities are,
of course, supported by government; the fees assessed non-government users
for access to data and services range from minimal to very costly. In general,
variations in support base have obvious implications for the levels and kinds of
services that these organizations provide and the fees (if any) for obtaining data
and related services.

From the standpoint of secondary analysis, these data organizations,
particularly those in the academic sector, have a number of advantages. Their
holdings tend to be substantively diverse and include data of varied forms, and
they cover many disciplines. Thus they encourage and facilitate
interdisciplinary use of data, and their data dissemination activities are not
confined to limited networks of scholars. They are located at universities,
staffed and directed by trained social scientists, and they usually draw upon
advisory panels and committees composed of active social scientists.
Consequently, they are well integrated into the research community. They also
relieve original data collectors of the burdens of maintaining and supplying data
to others,
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and they contribute to the development and implementation of more uniform
practices of data preparation and documentation. Because they preserve data
indefinitely at a central location, the cumulative and combinatorial research
value of data collection efforts can be better realized.

Intermediary facilities also have disadvantages, some of which were
alluded to above: the overhead expenses required to maintain them; their
distance from the original data-collection process; and their intermediary nature
itself, sometimes interpreted as posing barriers between original data collectors
and others with whom data might be shared. But at this point the advantages for
data sharing of intermediary facilities seem to greatly outweigh their
disadvantages.

PRACTICES OUTSIDE SOCIAL SCIENCES

A somewhat superficial review of data-sharing practices and access to
research resources in other sciences suggests a range of diversity at least as
broad as that found in the social sciences. It suggests as well the presence of
problems, issues, and disagreements that appear similar to those encountered in
the social sciences. But before turning to these matters, the limitations of the
comments that follow must be made clear. A comprehensive examination of
data-sharing practices in the other sciences would be a monumental task indeed.
Such an examination would require both review of a very large and complex
literature and systematic interviews with scientists to determine the ways and
degrees to which actual practices diverge from stated principles and conceptions
of appropriate behavior. It would also require a degree of conversance with the
substance, methods, and technologies—and, indeed, the lore and gossip—of
diverse areas of inquiry that we lack.

The discussion here is based on a significantly more limited effort. It is
primarily concerned with three rather specific areas within the natural and
biomedical sciences. It is based on relatively shallow soundings of relevant
literature and on more or less extended and systematic discussions with
colleagues active in research in these areas. Therefore, the discussion is not well
informed in technical terms, but is impressionistic and tentative. However, even
this limited effort indicates great diversity, and it provides at least some idea of
issues confronted in data sharing in the natural and biomedical sciences.

The principle of data sharing and the collegial norm of contributing data to
central resource bases are apparently well established in at least some areas of
the natural and biomedical sciences. Particularly when expensive
instrumentation is involved or when maintenance of large colonies of
experimental subjects is required, scientists—or perhaps more accurately, their
laboratories—are seemingly accustomed to the use of computer technology to
share data and
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to administrative arrangements that facilitate exchange of data.

In some cases individual researchers contribute observational data
collected with one type of instrumentation in anticipation of receiving
analogous data derived from alternative data collection techniques. They
actively engage in a two-way flow of data, often with explicit agreements about
levels of measurement, units of measurement, and technical formats for
supplying data. Not everyone is fortunate enough, of course, to be located at an
institution that is technically well endowed, and many scientists simply avail
themselves of data from central repositories in their research activity. They are
able to perform analyses based on materials that are provided on magnetic tape
or to which direct, on-line access is possible for essentially the costs of
computer time for data copying and analysis. In these cases, there is only a one-
way flow of data from the resource base to the scientist.

The range of data resources and the conditions under which they are
available are highly varied, but at least two facilities—one on the sun and one in
medicine—appear markedly similar to the social science data archives
described above. For physicists and astronomers interested in data on the sun,
there are a variety of data collections available from the World Data Center A
for Solar-Terrestrial Physics in Boulder, Colorado. This is one of the world data
centers established in conjunction with the 1957 International Geophysical Year
in order to archive and provide data related to solar and interplanetary
phenomena.'?

Solar-geophysical data contributed by more than 60 institutions located
around the world are archived at the Boulder facility. All of these laboratories
or observatories have substantial investments in the land-based or satellite
instrumentation that is used to collect the data, and it is the accepted norm for
the data that they collect to be deposited at the Boulder center. Even the U.S.
Air Force prepares a special public-use tape, from its own otherwise classified
satellite data, for deposit there. The basic data series available from the Boulder
center include information on sunspots, solar radio emissions, coronal holes and
flares, solar wind, cosmic rays, and the like; the detailed data series contain
hundreds of variables. While some of the series extend back to 1957, most were
initiated during the mid-1960s or later.

Data are available from Boulder in three forms—on tape, in printed
reports, and by telegram. With continuous data input, the various series are
frequently updated. A researcher can obtain computer-readable data on tape in
three dimensions: selected variables for selected times at selected locations on
the sun's surface or in space. Data are also published by the center in monthly
reports, which contain selected variables in a standardized format. These data
are published with only a 2-month delay and constitute an extremely timely data
source by most scientific standards.

Since many astronomical events are relatively short-lived, the center also
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operates, for a fee, a rapid notification system. Through this service researchers
can be notified by telegram of the occurrence of a major solar-terrestrial event,
such as a flare of a certain size or larger. In this way, a researcher interested in
geomagnetic storms on the sun, for example, can be notified immediately when
such an event starts in order to begin independent observation and data
collection. After analysis by the researcher, it would be expected that the data
would also be deposited with the center.

In more general terms, it appears to be the accepted norm that individual
scientists and research groups deposit relevant data produced by independent
observation with the various centers. Among astronomers, such data are
expected to be deposited after initial analysis and publication was completed,
usually 1-2 years. An astronomer who observed a rare event, such as a
supernova, would be expected to immediately report its occurrence to the
Smithsonian Center for Short-Lived Phenomena so that other scientists could be
notified and begin independent observations. We have no information as to
actual adherence to these standards or of any sanctions for noncompliance.

The Laboratory Animal Data Bank (LADB) is a second example of data-
sharing facilities of this sort. LADB is a computer-based, on-line information
resource developed by the National Library of Medicine (see National Library
of Medicine, 1980). Its purpose is to provide biomedical researchers with
information obtained from laboratory animals on hematology, clinical
chemistry, pathology, environment, husbandry, and growth and development.
The system was originally developed to meet the needs of the Department of
Health and Human Services' Committee to Coordinate Environmental
Programs, including the National Cancer Institute, the National Center for
Toxicological Research, the Environmental Protection Agency, and the
Interagency Regulatory Liaison Group. But the data base is now available to
any researcher, for a fee, for on-line or off-line access.

Approximately 50 laboratories routinely contribute data to LADB about
each of their experimental animals, the conditions under which they are
maintained, and details about their aging and death. The data base now contains
information from over 500 animal groups composed of 30,000 individual
animals, representing 65 strains or species of animals. There are now more than
1 million observations in the data bank, and data are continually being added.

An individual scientist might use this data base to establish parameters for
normalcy in terms of various physiological and biological measurements or to
evaluate spontaneous pathological changes in the animals. The information can
be obtained in the form of marginal distributions for selected variables, cross-
tabulations or correlations, or complete listings of the data for selected subject
animals. And, as noted above, researchers can gain access to the data through
the contractor that provides computer services for LADB, through the National
Library of Medicine, or through direct access to the data base.
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Again, these facilities appear markedly similar in function and goals to the
social science data archives described above, and they seem to further highlight
the advantages of intermediary facilities as mechanisms for data sharing.!' In at
least some other areas of other sciences, however, the norm of data sharing is
apparently less well established and less frequently followed.

In some areas of the biomedical sciences, data-sharing practices apparently
take quite a different form from those that are relatively widespread in the
social sciences. In general, data sharing means publication of research results in
journal articles and the like. Very little sharing of the data on which research
reports are based seems to occur, and data sharing is not widely advocated as a
desirable or necessary practice. While nearly all biomedical researchers would
agree in principle to make basic data available to other researchers, the practice
is seemingly rarely followed.

There appear to be three main reasons for the lack of data sharing in these
areas: a proprietary attitude toward data and research; the form of the data that
might be shared; and the relative ease with which data can be collected and
research can be replicated. Proprietary issues seem to be the most important
elements in the nonsharing equation: researchers place such a high premium on
being the first to publish a particular finding and are in such competition with
each other to do so that most would be unwilling to make basic research data
available to other potentially competitive researchers. This unwillingness to
share basic data persists even beyond the publications of findings, since sharing
the basic data that underlie a particular investigation would reveal research
techniques and methods that the original researcher was continuing to use in
ongoing investigation. The apparent concern is that such revelations would not
be in the self-interest of the original investigator.

The second obstacle to data sharing in these areas is the form of the data to
be shared. The data in question are frequently records of observations, test
results, and the like, transcribed in idiosyncratic fashion in typed and hand-
written notes and stored in ponderous notebooks and folios. Not only is the
technology for sharing such information (i.e., photocopying of some sort)
expensive and cumbersome, but the organization of the material often presents
serious difficulties of interpretation for other researchers. When sharing of these
materials occurs, it is accomplished by one researcher traveling to the research
site of another to examine research notebooks, charts, and the like, and by
interviewing the original researcher and his or her technicians. This is obviously
a time-consuming process, and few researchers have the luxury of traveling or
hosting such an exchange of basic data. If a piece of research is called into
question, such an examination can be undertaken, but it is not part of the normal
routine because of its cost and cumbersome nature.

The third reason for the lack of widespread sharing of basic research data
in these areas is the relative ease with which new data can be collected and
research
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thereby replicated. This issue has two related elements: the desire of researchers
to be in control of the design, conduct, and conditions of data collection and the
relative availability of funding and facilities for data collection. Much of the
necessary data can be collected in other contexts with relative ease through the
use of clinical and laboratory procedures and facilities to which these
researchers have reasonably ready access. In addition, funding is plentiful (in a
relative sense) and thus the incentive to reuse data is not strong.

Data sharing does occur in a number of specific areas of biomedical
research, and its value is recognized. One example of sharing is the National
Cooperative Crohn's Disease Project. Because of the rarity of cases to study,
over 15 sites were jointly funded to pool data on the disease and trade that data
back and forth among researchers.'”> An indication of concern for sharing is
provided by a major journal, The Journal of Clinical Investigation, which has
undertaken to require explicit discussions of methods, data used, and
experimental procedures in manuscripts as a condition for publication. This
requirement, however, has apparently led some biomedical researchers to turn
to other publishing avenues (which exist in abundance) rather than comply.

These examples seem to illustrate rather divergent practices of data sharing
in the other sciences. They also suggest both similarities and differences
between the social and other sciences. In numerous scientific areas there
appears to be widespread interest in the development of data centers to collect,
maintain, and provide access to basic data, and a number of such centers seem
similar, on superficial examination, in many essential functions to the data
archives and facilities of the social sciences. There are concerns about the
establishment and application of adequate standards for collecting, encoding,
recording, and documenting data, for data quality, for data evaluation, and for
the need for scientifically trained personnel to manage data centers and facilities
—all of which are very similar to the data-sharing literature of the social
sciences. Indeed, the concluding paragraph of one survey of the data needs of
science and technology might with only modest terminological change and a
few omissions appear in a discussion of data needs and sharing in the social
sciences (Lide, 1981:1349):

We cannot take for granted that the data generated by the research
establishment will automatically flow smoothly to those who need it. Changes
in attitude are required by the scientific community, industry, and the federal
government. The scientific community must place a higher priority on
organizing the data it produces and presenting these data in a form suitable for
technological applications. Private industry should put more resources into
developing data bases to support long-term industrial needs. The federal
government must recognize that its commitment to
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supporting basic research for the long-range benefit of the country also implies
a commitment to make the results available in a form that maximizes their
utility.

There are also differences. In discussions of data centers and facilities in
the other sciences, heaviest emphasis seems to be placed on what might be
termed base-line or reference data. These are data based on repeated
measurements and are apparently intended to provide the typical or “best”
values for particular phenomena or classes of entities or subjects. Discussions
are frequently concerned with data about phenomena or subjects that have or
can be assumed to have invariant characteristics and that can be measured
repeatedly in diverse contexts. These are data collections to which a scientist
might refer in attempting, for example, to identify a particular chemical
compound or against which experimental or observational results might be
compared to determine the degree to which the characteristics of a particular
experimental population or set of observations depart from the norm. A report,
“Study on the Problems of Accessibility and Dissemination of Data for Science
and Technology” (1975), puts it as follows:

Data with which we are concerned ... may be regarded as the “crystallized”
presentation of the essence of scientific knowledge in the most accurate form.
Data, as usually understood in physics and chemistry, are numerical data
representing the magnitudes of various quantities.... If we further include basic
qualitative data such as the chemical structure of molecules, decay schemes of
unstable nuclides, 