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Critical Data for Critical Needs 

David R. Lide, Jr. 

The "information explosion" in sci- 
ence and technology has been a popular 
theme for writers and speakers over the 
past 25 years. The proliferation of scien- 
tific literature and data files has taxed 
our ability to store, retrieve, and assimi- 
late information. At the same time, soci- 
ety has become increasingly dependent 
on science and technology, and institu- 

key words-a carefully selected set of 
terms which attempts to match the user's 
interest with the contents of the docu- 
ments. The result of such a search is a 
list of potentially relevant documents. 
These on-line bibliographic search sys- 
tems, although not fully perfected, have 
proved their utility in making a first pass 
through the information morass. 

Summary. Various types of scientific and technical data are required for the solution 
of key societal problems such as energy supply, environmental quality, and industrial 
productivity. Ensuring the quality of these data bases is essential. Modern computer 
and telecommunications technology offers opportunities for major improvements in 
the dissemination of data, but data management must be given a higher priority by the 
scientific community, industry, and government. 

tions are faced with more and more 
decisions that have a strong technologi- 
cal component. Some of these decisions 
are being made on the basis of grossly 
inadequate data; others are delayed by 
wrangles over conflicting or inconsistent 
data. At times the sheer mass of data 
tends to discourage a logical approach to 
decision-making. The effective matching 
of information resources to  societal 
needs is a problem that must be over- 
come. 

The growing power and availability of 
digital computers has prevented a com- 
plete swamping of our ability to  handle 
scientific information. Impressive prog- 
ress was made in the 1970's in develop- 
ing computer-based bibliographic files 
that can be searched interactively from 
remote terminals ( I ) .  These files permit 
rapid searching of many thousands of 
documents on the basis of a profile of 
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This article addresses a second stage 
of refinement in coupling information 
sources to needs, namely the provision 
of reliable factual information directly to 
the user. Can a user be given an actual 
number or other factual answer to his 
question, within the constraints imposed 
by a computer-based dissemination sys- 
tem? This is clearly a greater challenge. 
since it requires the exercise of some 
degree of quality control and a careful 
analysis of the way in which the user will 
apply the data. Quality assurance has not 
been a major issue in on-line bibliograph- 
ic services; the vendors of such services 
simply rely on the traditional review 
processes of the primary journals and 
abstracting services. Likewise, once a 
user has identified a document through 
an on-line search, the burden is on him to 
extract the data and put it into the format 
required for his application. When at- 
tempting to provide data directly to the 
user, however, both quality assurance 
and format design become key factors. 

The effect of the electronic revolution 
on the generation of scientific and tech- 
nical data is one of the driving forces 
toward the use of these electronic ad- 
vances for data storage and dissemina- 
tion. Automation of the measurement 
process has led to vast increases in the 
amount of data generated in every scien- 
tific discipline. From nuclear physics to 
molecular biology, the instrumentation 
advances of the past two decades have 
resulted in the production of far more 
data than can possibly be handled 
through traditional mechanisms of the 
scientific literature. There is no choice 
but to utilize computers and modern 
telecommunication systems to preserve 
these data and make them accessible to  
present and future users. 

Classes of Data 

It is somewhat ironic that the scientific 
and technical information community 
has failed to develop a precise vocabu- 
lary for many key concepts. The term 
data base is frequently used for bibli- 
ographic as  well as numerical data files, 
although certain groups have attempted 
to differentiate the latter by calling them 
data banks. In this article, data will be 
understood to mean information, usually 
expressed in numerical form, that has 
been derived from some measurement, 
observation, or calculation. A data base 
is an organized collection of such infor- 
mation on a well-defined topic. We shall 
be concerned particularly with data 
bases expressed in some computer-read- 
able medium. 

A detailed scheme for classifying sci- 
entific and technical data has been pre- 
sented by the Committee on Data for 
Science and Technology (CODATA) of 
the International Council of Scientific 
Unions through its task group on acces- 
sibility and dissemination of data (2). 
The details of the scheme need not con- 
cern us here, but it is helpful to recognize 
three broad classes of data: 

1) Class A-repeatable measurements 
on well-defined systems. This includes 
traditional physical and chemical data 
resulting from measurements of well- 
understood properties of systems of 
known composition. In principle, such 
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Fig. 1 (facing page). Display of all reported 
measurements of the thermal conductivity of 
copper as a function of temperature. Each set 
of connected points corresponds to the data 
given in a single literature source. The recom- 
mended curve is based on the evaluation 
described in (7). 

data are subject to verification by repeat- 
ing the measurements in different labora- 
tories at different times. 

2) Class B-observational data. Here 
we include the results of measurements 
that are dependent on time or space and 
cannot, in general, be checked by remea- 
surement. This category includes much 
of the data from the geosciences and 
environmental monitoring data. 

3) Class C-statistical data. This class 
includes data not always thought of as 
"scientific" but important in many tech- 
nological problems: demographic data, 
chemical production records, energy 
consumption figures, health statistics, 
and so on. 

The three classes have sometimes 
been referred to as hard, semihard, and 
soft data, respectively. The boundaries 
between the classes are not sharp. For 
example, most biological data are time- 
or space-dependent, but a carefully de- 
signed experiment with an adequate 
sample can yield results with enough 
statistical significance to be placed in 
class A. 

The Growing Need for Good Data 

In more placid times, the typical scien- 
tist or engineer encountered no major 
problem in locating all the existing data 
that were pertinent to his needs. A small 
number of journals and handbooks, plus 
the informal peer group information 
chain, were generally sufficient. Judg- 
ments on the validity of the data so 
located could often be made on the basis 
of personal knowledge of the laboratory 
that generated the data. This process is 
becoming less and less tenable. Equally 
important, the most crucial and challeng- 
ing problems that we deal with today 
usually require data that cut across tradi- 
tional disciplinary lines. The peer group 
channels and personalized value judg- 
ments are no longer as effective as they 
once were. 

As an example, consider the debates 
on depletion of the ozone layer by super- 
sonic transport exhaust and release of 
chlorofluoromethanes. Elaborate mathe- 
matical models have been developed in 
an effort to predict the consequences of 
such atmospheric alterations. These 
models require various types of input 

data. Meteorological data (class B) enter 
into the prediction of transport of the 
pollutants into the stratosphere. Rate 
constants for several hundred chemical 
reactions and cross sections for photo- 
dissociation by solar ultraviolet radiation 
(class A) determine the complex chemis- 
try occurring in the stratosphere. Long- 
term data on the ozone concentration as 
a function of latitude (class B) are neces- 
sary to provide a baseline against which 
perturbations caused by man can be 
compared. Epidemiological data (class 
C) are needed to predict the risk of 
diseases such as skin cancer induced by 
higher ultraviolet radiation levels. Nu- 
merous studies of ozone depletion (3) 
have rested heavily on these and other 
types of data. 

Other examples are easily found. The 
national commitment to increase our de- 
pendence on coal as an energy source 
raises many questions that can only be 
answered through the use of adequate 
data bases. The needs include better data 
on the physical, chemical, and toxicolog- 
ical properties of compounds derived 
from coal; baseline data on pollutants 
likely to be released by expanded coal 
utilization; and a long list of data rele- 
vant to the effects of increasing atmo- 
spheric carbon dioxide. Even data on 
fatalities from grade-crossing accidents 
involving coal-carrying trains were used 
in one recent study of energy options (4). 
A comparable variety of data needs en- 
ters into the consideration of other ener- 
gy sources. 

It is safe to predict that examples such 
as these will multiply. Bitter debates on 
the risks from allegedly carcinogenic 
food additives and contaminants have 
already occurred. The implementation of 
the Toxic Substances Control Act of 
1976 creates many needs for data-not 
only data on the toxic effects of chemical 
compounds, but also data on physical 
and chemical properties, chemical pro- 
duction and use, and environmental 
monitoring. These needs were explicitly 
recognized by Congress in section 25(b) 
of the act, which required the Council on 
Environmental Quality to coordinate a 
study of "the feasibility of establishing a 
standard classification system for chemi- 
cal substances and related substances 
and a standard means for storing and for 
obtaining rapid access to information re- 
specting such substances" (5). 

Even aside from standards of health 
and safety which are subject to govern- 
ment regulation, most industries depend 
on good data bases for process selection, 
design, and control. Sudden shifts in the 
cost or availability of raw materials dic- 
tate changes in production conditions. 

The high cost of energy encourages 
fine tuning of processes to minimize en- 
ergy consumption and optimize product 
yield. Long-term reliability of manufac- 
tured products becomes a factor in 
meeting foreign competition. Engineer- 
ing design is done more systematically, 
with growing use of computer-based 
models for simulating actual processes. 
Of course, the answers obtained from 
these models are no better than the data 
put in. 

In 1978 a National Academy of Sci- 
ences report (6) outlined the needs for 
data in various areas of national impor- 
tance. The study group preparing this 
report, which was led by Walter H. 
Stockmayer, identified an extensive list 
of needs in programs such as energy, 
defense, space, and environmental pro- 
tection. They concluded that current 
U.S. spending on data evaluation pro- 
grams is insufficient, by a factor of 2 to 3, 
to meet these needs. An adequate pro- 
gram to evaluate and organize such data 
would cost only a fraction of 1 percent of 
the cost of generating the data; in the 
view of the study group, the benefits 
would greatly exceed this cost. 

Quality Control of Data Bases 

Scientific literature contains vast 
amounts of data collected for a specific 
purpose and presented by authors to 
support their conclusions. For example, 
a chemist claiming to have synthesized a 
new compound may present the boiling 
point, infrared spectrum, and other perti- 
nent data on the compound. These data 
have great potential value, often for pur- 
poses that the author could never have 
anticipated. The history of science is 
filled with examples of old data being 
retrieved to test a new theory, provide a 
new insight, or apply to some technologi- 
cal problem. 

Unfortunately, the quality of the data 
preserved in the literature leaves much 
to be desired. This becomes apparent 
when data on a much-studied subject are 
systematically retrieved. Figure 1 dis- 
plays about 200 reported measurements 
of the thermal conductivity of copper as 
a function of temperature. The measure- 
ments were analyzed by the Center for 
Information and Numerical Data Analy- 
sis and Synthesis at Purdue University 
(7). The scatter of these data illustrates 
the pitfalls of relying on a single value 
retrieved from the literature. While this 
is perhaps an extreme case, aggravated 
by the sensitivity of the low-temperature 
thermal conductivity to impurities in the 
sample, many similar examples have 
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been given (6, 8). Furthermore, many 
authors fail to specify auxiliary informa- 
tion (such as sample purity) in their 
papers, so an unsuspecting user may be 
badly misled. 

Recognition of these problems led, 
some 60 years ago, to the preparation of 
the International Critical Tables (9) .  
This broad-based effort required more 
than 10 years and produced a seven- 
volume set of carefully selected physical 
and chemical data. The project intro- 
duced the concept of critical evaluation 
of data by experienced scientists who 
could judge the accuracy of published 
data and resolve the numerous conflicts 
and inconsistencies that they found. The 
objective was to provide a comprehen- 
sive set of recommended data which 
could be used with confidence by the 
entire scientific and engineering commu- 
nity. The International Critical Tables 
became a standard reference work in all 
technical libraries; the original publisher 
continued sales until the stocks were 
exhausted a few years ago. 

The philosophy established in the 
preparation of the International Critical 
Tables has been maintained in the Na- 
tional Standard Reference Data System 
(NSRDS), which was created in the mid- 
1960's (10, 11). This program is coordi- 
nated by the National Bureau of Stan- 

dards and includes activities in academ- 
ic, industrial, and government establish- 
ments. It is intended to provide critically 
evaluated data bases in important areas 
of the physical sciences on a continuing 
basis. In the 15 years that the program 
has been fully operational, its published 
data compilations in selected areas of 
physics and chemistry occupy 16 feet of 
bookshelf space. By contrast, the Inter- 
national Critical Tables volumes pub- 
lished in the 1920-1930 period, which 
attempted to cover all disciplines for 
which data existed, amounted to 9 inch- 
es. 

A key feature of the NSRDS program 
is the maintenance of continuing data 
centers, each of which has cognizance 
over a well-defined disciplinary area (I 1, 
12). These centers are staffed by scien- 
tists experienced in the relevant fields of 
research. A typical data center collects 
all pertinent literature on a continuing 
basis and evaluates subsets of data ex- 
tracted from this literature. The data 
centers have developed methodologies 
suitable for evaluating each type of data 
(11). In thermodynamics, for example, 
the values of properties such as enthal- 
py, heat capacity, and equilibrium con- 
stants are linked through well-estab- 
lished laws. By systematically collecting 
all reported data for a given class of 

compounds, a data center can apply the 
laws of thermodynamics to detect any 
discrepant values and arrive at a pre- 
ferred set of properties providing optimal 
agreement with all of the experimental 
data (13). Sophisticated computer pro- 
grams have been developed to help carry 
out this procedure (14). It would be very 
difficult (and certainly inefficient) for in- 
dividual scientists to go through this 
process; evaluation by a data center has 
obvious benefits. 

The methodologies just described are 
most appropriate to class A data. In fact, 
the approach to a "best" or "recom- 
mended" value is a rather different pro- 
cess outside the physical sciences, as 
pointed out by Chayes (15). Neverthe- 
less, certain efforts have been made, 
especially in the biosciences, to compile 
data selected by experts as representing 
the most typical values or ranges. A 
noteworthy example is the project that 
was conducted by the Federation of 
American Societies for Experimental Bi- 
ology, which produced the Biology Data 
Book (16) and several other compila- 
tions. 

The large quantities of class B data 
generated in the geosciences and astron- 
omy are collected in various centers, 
such as the complex of World Data Cen- 
ters (17, 18) first established during the 
International Geophysical Year. These 
centers organize the data into formats 
convenient for users and serve as distri- 
bution points for the interested commu- 
nity. In general, they do not carry out a 
selection or evaluation function, al- 
though they are very much concerned 
with smoothing large sets of observation- 
al data (19). 

The most effective way to maintain the 
quality of class B data may be by careful 
control of the measuring instruments pri- 
or to acquisition of the data. It is also 
important to record and preserve all the 
auxiliary information required to use the 
data with confidence, such as calibration 
standards and ambient temperature and 
pressure. CODATA has published 
guides on the presentation of data in the 
geosciences and biosciences that give 
general rules of this nature (20, 21). 

Quality control of class C data is an 
even more difficult task, especially when 
political or commercial considerations 
are involved. The questions raised about 
the accuracy of the 1980 census illustrate 
the problems in assessing the validity of 
this class of data. Consistent data on oil 
imports and consumption are surprising- 
ly difficult to obtain, in spite of large- 
scale efforts by the Energy Information 
Administration of the Department of En- 
ergy and several other government agen- 
cies. This lack of reliable data appears to 



have contributed significantly to the 1979 
gasoline crisis in the United States (22). 
One of the problems in handling class C 
data is the difficulty in achieving agree- 
ment on terminology and definitions. 

The Electronic Revolution in 

Data Dissemination 

Handbooks, journals, and other tradi- 
tional publication formats still serve as 
the major source of data for most scien- 
tists and engineers. However, the in- 
creasing cost of composition and print- 
ing, as well as the difficulty in updating 
massive hard-copy volumes, are strong 
driving forces toward the use of modern 
computer and telecommunications tech- 
nology for data dissemination. Comput- 
er-based formats offer several advan- 
tages: 

1) It is easier to maintain currency of a 
data base through frequent updating. 

2) More sophisticated search strate- 
gies are possible; for example, one may 
carry out multiparameter searches using 
Boolean operations, which is not practi- 
cal with printed tables. 

3) The data resulting from a search 
can be put into a computational program 
for further manipulation, without the 
need for human transcription. 

4) Current projections indicate a de- 
crease in storage and telecommunication 
costs, while all costs associated with 
printed matter are likely to continue to 
rise. 

Computerized data dissemination ap- 
pears to be developing along two parallel 
paths: distribution of data bases in some 
tangible storage medium (such as mag- 
netic tapes) and distribution through on- 
line interactive networks. The former is 
widely used for certain types of data 
bases. The World Data Centers (17) pro- 
vide many items in magnetic tape for- 
mat, such as oceanographic data and 
geophysical data obtained from satellite 
observations. The National Technical 
Information Service handles magnetic 
tape distribution for a number of govern- 
ment agencies (23). The incorporation of 
data bases in the internal data processing 
systems of instruments such as mass 
spectrometers is a growing practice. This 
permits the results of a measurement of 
an unknown substance to be matched in 
real time against a library of reliable 
data, greatly facilitating the identifica- 
tion of unknowns (24). 

Use of magnetic tapes and related me- 
dia is most attractive when the user 
expects a continuing, reasonably heavy 
need for particular data. This justifies the 
effort required to install the data base 
and necessary software on his own com- 

TYPE PEAK.MIN INT.MAX INT 

USER 237,100,100 

FILE# #REFS M i Z  PEAKS 

1 26 237 

NEXT REQUEST: 293.30.40 

FILE# #REFS MI2 PEAKS 

2 1 237 293 

NEXT REQUEST: 1 
REGN Ql MW MF NAME 

78-00-2 704 324 C8H20Pb 
Plumbane, tetraethyl. (8C19Cl) 
Lead tetraethyl 
Lead, tetraethyl- 
Tetraethyllead 
Tetraethylplumbane 

Fig. 3. Use of the MSSS for chemical identifi- 
cation. The number entered under QI gives a 
relative measure of the quality of the spec- 
trum that was retrieved. 

puter. When the need is more sporadic, 
or when the user is unable to make the 
investment required to handle the data 
base in his own institution, access 
through an on-line network is appealing. 
This requires only a modest capital in- 
vestment in a suitable terminal and per- 
haps a small subscription or entry fee. 
Beyond that, the user pays only for the 
data that he actually retrieves from the 
network. 

On-line information retrieval has be- 
come familiar to many scientists and 
engineers through their use of the bibli- 
ographic files available through services 
such as DIALOG, ORBIT, BRS, MED- 
LINE, TOXLINE, and many others (1). 
Over 2 million individual searches are 
estimated to have been made in 1980 
through services such as these, which 
provide access to several hundred bibli- 
ographic files in science and technology. 
Interest is growing in extending on-line 
services from bibliographic files to nu- 
merical and factual data bases. There 
are, in fact, at least 150 such data bases 
already available to the public through 
on-line services (25). Although the ma- 
jority are in the business and economics 
area, a significant amount of hard scien- 
tific data can be accessed on-line (26). 
The existence of these services demon- 
strates that there are no serious techno- 
logical barriers to the growth of on-line 
scientific and technical data bases. 

One on-line data service that has be- 
come well established is the Chemical 
Information System (CIS), which was 
initiated by the National Institutes of 
Health and the Environmental Protec- 
tion Agency and now includes participa- 
tion by several other agencies (27). CIS 
now has over 500 subscribers, who make 
a total of about 25,000 searches per 
month. The structure of CIS is illustrated 
in Fig. 2. Some of the currently active 
components, such as MSSS and PDSM, 

contain numerical data bases in the sense 
defined in this article. Others contain 
descriptive information that includes 
some numerical data; for example, 
OHMTADS gives a concise narrative 
statement of the degree of hazard to 
public health of each compound in the 
file plus quantitative data, when avail- 
able, on its toxicity. The NMRLIT and 
FRSS components are bibliographic. 
Each component includes appropriate 
software for retrieving the data or other 
information contained therein. 

The components of CIS are linked to a 
central hub known as the Structure and 
Nomenclature Search System (SANSS). 
This is a file of nearly 200,000 chemical 
compounds containing the formula, 
name, synonyms, and complete struc- 
ture record for each compound. The file 
can be searched on the basis of struc- 
ture, substructure, full or partial name, 
or formula. Once a compound is identi- 
fied through SANSS, the user is in- 
formed which CIS components contain 
information on the compound, and he 
can be transferred to the component of 
interest by means of a simple command. 
The Chemical Abstracts Service registry 
number serves as the identifier for a 
chemical compound which permits the 
linking of the individual data bases to 
SANSS. 

Several components of CIS are de- 
signed for chemical identification. Figure 
3 shows how a simple search is conduct- 
ed on the MSSS component. The user 
inserts each peak (mass-to-charge ratio) 
in the mass spectrum of the unknown 
material in turn. In response to the first 
peak, the system replies that the data 
base contains 26 compounds that might 
match the unknown. Insertion of a sec- 
ond peak narrows the choice to a single 
compound. The user is then presented 
with the molecular formula, proper 
name, and other common names of the 
compound. Another command will pro- 
duce a listing of the complete mass spec- 
trum to confirm the identification. The 
entire process requires about 2 minutes 
and costs about $1.50. With a suitable 
graphics terminal, the user can obtain a 
bar-graph presentation of any spectrum 
in the data base (Fig. 4). 

The CIS illustrates the power of an on- 
line search system to provide a variety of 
information in a quick and convenient 
manner. For example, a user might em- 
ploy MSSS or XTAL (Fig. 2) to identify 
an unknown substance. He can then 
determine from other CIS components 
whether the substance has been detected 
in certain environmental monitoring rec- 
ords, its physical properties and toxicity, 
and whether it has been cited in recent 
government regulations. Although some 



CASRN Q I  MW MF,Name 
50-31-7 507 224 C7H3C1302 

Benzoic acid, 2,3,6-trichloro- (8C19CIl 
Instrument: MAT CH5 ; Inlet: DIRECT ; Source temp: 200 C; eV: 70 
Contributor:CATALOGUE OF MASS SPECTRA OF PESTICIDES, APRIL. 1975; 

80 200 20 40 60 80 300 

Fig. 4. Bar-graph display of a mass spectrum in CIS. 

of the components are not yet complete- 
ly developed, the advantages of the CIS 
concept are clear. The user gains rapid 
access to diverse classes of information 
which would be quite laborious to obtain 
by conventional methods. 

Other on-line systems for disseminat- 
ing numerical data are being developed 
here and abroad. The Metals Properties 
Council, in collaboration with several 
other organizations, is planning an on- 
line materials property system. The 
American Society for Metals and the 
National Bureau of Standards are coop- 
erating on plans for on-line dissemina- 
tion of alloy phase diagrams. Lawrence 
Livermore Laboratory has developed an 
extensive on-line system that empha- 
sizes data related to energy storage and 
conservation (28). In France an on-line 
network called PLURIDATA is now in 
operation, and numerical data bases of 
scientific interest will be included in the 
EURONET-DIANE network (29). All 
observers foresee very rapid growth in 
the next 5 years. 

There are, however, certain problems 
that must be overcome before the poten- 
tial of these on-line systems is realized. 
Start-up costs are high and the econom- 
ics of such systems are very complex 
(SO). The most efficient and equitable 
basis for charging users is not always 
clear. Standardization is a major prob- 
lem. Even with bibliographic services, a 
user must learn the language and proto- 
cols peculiar to each service. In dealing 
with numerical data, the more complex 
file structure and greater variety of for- 
mats exacerbate this problem. While 
much attention is being devoted to de- 

signing "user-friendly" software that 
will minimize the need to master a com- 
plex set of instructions, this goal is not 
likely to be reached quickly or easily. 

Finally, there is the central problem of 
quality assurance. In conventional publi- 
cations of reference data, it is possible to 
include expository text and footnotes 
pointing out the accuracy limits and ex- 
plaining any caveats on the use of the 
data. Also, citations can be given so that 
an interested user can track each recom- 
mended value to its sources. The more 
rigid constraints imposed on a computer- 
ized data file make it difficult to convey 
such auxiliary information to the user. It 
is very important, therefore, that the 
contents of an on-line data base be care- 
fully verified and that the user be assured 
that the values he retrieves are the best 
available. The National Bureau of Stan- 
dards is following this policy in all its 
computerized data bases of physical and 
chemical properties; in general, the com- 
puter version will be backed up by publi- 
cations that document the choices of 
data and explain the evaluation process. 
Unfortunately, such a policy has not 
been clearly established for other types 
of data. The practice of putting unveri- 
fied data into publicly available systems 
is very risky. 

The Need for Cooperation 

The cost of developing on-line ser- 
vices and of creating the data bases that 
go into them is not trivial. Systematic 
planning and cooperation can help re- 
duce these costs. While some countries 

are planning highly centralized on-line 
information networks, it seems unlikely 
that the United States will develop a 
comprehensive master plan. The private 
information industry, the nonprofit soci- 
eties, and the federal government have 
their own distinct interests and responsi- 
bilities, so a pluralistic approach is inev- 
itable. There are strong arguments, in 
fact, that no one can predict the optimum 
design for on-line data systems. A rea- 
sonable level of competition is desirable 
in order to provide users with a variety 
of options and allow the marketplace to 
decide which are most effective. Never- 
theless, some central coordination is de- 
sirable, if only to encourage a degree of 
compatibility that will benefit all ser- 
vices. 

While such arguments can be applied 
to the systems for delivery of the data, it 
is more difficult to justify duplication in 
the creation of the data bases. This is a 
very expensive process, especially if ad- 
equate quality control is exercised. Thus 
there are strong incentives for collabora- 
tion in building data bases and for reach- 
ing agreement among interested organi- 
zations so as to avoid duplication of 
effort. In the area of physical science 
data, the Office of Standard Reference 
Data of the National Bureau of Stan- 
dards carries out this coordinating role 
on a national basis. It currently sponsors 
a number of groups engaged in the devel- 
opment of reliable physical and chemical 
data bases and encourages all parties to 
channel their efforts into supportive rath- 
er than competitive activities. The Nu- 
merical Data Advisory Board of the Na- 
tional Academy of Sciences provides a 
forum for groups concerned with broad- 
er classes of data bases. However, more 
formal coordinating mechanisms are 
needed for data base activities in fields 
outside the physical sciences. This is a 
subject that warrants government atten- 
tion at a high level. 

The evolution of on-line bibliographic 
services may provide a model for devel- 
oping on-line data systems. Several ser- 
vices now coexist in the United States, 
and others are coming on-line elsewhere 
in the world. All these services offer the 
same bibliographic files in chemistry, 
physics, biology, and other major disci- 
plines, but they differ significantly in 
their search software and other operating 
features. From the users' viewpoint, this 
diversity is a great advantage. However, 
no one would suggest duplication of the 
enormous effort required to create, for 
example, the Chemical Abstracts file. 
On-line data dissemination should follow 
a similar pattern, with the same numeri- 
cal data bases available on several differ- 
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ent systems, each perhaps emphasizing a 
different type of application or a different 
group of users. Services that combine 
numerical data bases with bibliographic 
files and other information may also 
prove attractive. There appear to be 
many opportunities for creative thinking 
in the design of on-line services; what is 
most needed at this stage is rapid devel- 
opment of a sufficient number of good 
data bases to go into these services. 

Cooperation at an international level 
can also expedite the development of on- 
line services and help reduce the costs. 
The World Data Centers of the Interna- 
tional Council of Scientific Unions pro- 
vide a useful precedent for the exchange 
of geophysical data in an organized fash- 
ion between distribution points in differ- 
ent countries or regions. The Interna- 
tional Atomic Energy Agency has per- 
formed a similar function for nuclear and 
other data relevant to reactor develop- 
ment. In 1966 the International Council 
of Scientific Unions established CO- 
DATA as a standing organization con- 
cerned with various aspects of data col- 
lection, evaluation, and dissemination. 
CODATA has served as a medium for 
international efforts to standardize data 
handling and presentation. Also, through 
its biennial conferences, it brings togeth- 
er scientists from all disciplines who are 
concerned with data problems. CO- 
DATA is expected to play an important 
role in promoting international cooper- 
ation in development of the computer- 
based dissemination systems of the fu- 
ture (31). 

Conclusions 

Predicting the changes in data dissem- 
ination and use over the next decade 
requires considerable courage. Never- 
theless, certain trends are clear. 

Needs for reliable data will become 
more pressing. Many political and eco- 
nomic decisions important to our society 
will rest on scientific and technical data. 
The accuracy of these data will frequent- 
ly be challenged in adversary proceed- 
ings, placing a burden on the scientific 
community to concern itself more delib- 
erately with the quality of the available 
data. 

Computer-based data dissemination 
methods, especially on-line systems, will 
grow in use. This process will be acceler- 
ated by the entrance of younger scien- 
tists who have become comfortable with 
computer terminals during their educa- 
tion. The printed handbook is not likely 

to disappear but will gradually become a 
by-product of the computerized data 
bases. 

Coordination in the development of 
computer-based systems will be essen- 
tial. There is danger of wasteful duplica- 
tion in the creation of machine-readable 
numerical data bases. Such duplication 
could greatly increase the overall costs 
of implementing on-line systems, which 
will in any case be very expensive. Fur- 
thermore, the linkage of related on-line 
systems will require that careful atten- 
tion be given to questions of compatibil- 
ity and format standardization. This co- 
ordination must be carried out at an 
international level. 

We cannot take for granted that the 
data generated by the research establish- 
ment will automatically flow smoothly to 
those who need it. Changes in attitude 
are required by the scientific communi- 
ty, industry, and the federal government. 
The scientific community must place a 
higher priority on organizing the data it 
produces nd presenting these data in a 
form suita 'b le for technological applica- 
tions. Private industry should put more 
resources into developing data bases to 
support long-term industrial needs (32). 
The federal government must recognize 
that its commitment to 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. 
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