Electronic Databases

Much of the world’s scientific and
technical information is contained in the
more than 2800 databases that are now
available online, and that number is in-
creasing weekly if not daily. The prob-
lem for many scientists and engineers is
learning what databases there are and
what systems allow access to them. The
systems, often called information utili-
ties or database vendors, provide online
databases together with software for
search and retrieval, data manipulation
and modeling. The online search ser-
vices are called information utilities be-
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years of Chemical Abstracts index vol-
umes off the shelf in 10 minutes, let alone
look up just one compound and list the
numbers for the references that refer to
the compound and read the abstracts.
For extensive exhaustive searching as is
often done in the pharmaceutical indus-
try and by patent attorneys, online
searching can compress literally days or
weeks of manual search time to a matter
of hours or minutes, and this translates
to a reduction in costs (for labor primari-
ly) from thousands or even tens of thou-
sands of dollars to hundreds or less.

Summary. Electronic databases corresponding to most of the world’s currently
published literature and many other types of information are publicly available through
online systems. Scientific databases that give references for publications are numer-
ous and widely used; scientific numeric databases that are open to the public are far
fewer and less used. Online retrieval systems are becoming easier to use as a result
of the introduction of artificial intelligence techniques and user-friendly front ends and
gateways. Issues related to electronic databases include public-private sector compe-
tition, transborder data flow, copyright, downloading, and the changing roles in

database generation and processing.

cause they permit you to use information
even though the database is not in your
possession. They permit the wide shar-
ing of tremendous resources: databases,
large computers, and sophisticated soft-
ware through communication networks.

Scientists, engineers, businessmen,
lawyers, and many other users of data-
bases learn quickly that online searching
is not only useful but quite inexpensive.
The average expenditure per hour for
online database use is just about $100
including all costs (prints, connect time,
online displays, and so on), but the aver-
age search requires only 10 to 15 minutes
or only between $16 and $25. During the
10 to 15 minutes the user may search
through several million records equiva-
lent to the Library of Congress catalog or
20 years of Chemical Abstracts, or 10
years of the New York Times and dozens
of other newspapers. Those who have
done manual literature searching know
that one would be hard pressed to pull 20
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Databases now serve nearly every ma-
jor field—the traditional scientific disci-
plines, law, politics, social sciences,
arts, and humanities—and specialized
databases for such areas as oil spills,
child abuse, automobile recalls, robot-
ics, shipping, and even shopping. The
areas best served and most used are
business, law, medicine, and chemistry.
Databases used in science, engineering,
and technology are all referred to under
the umbrella term *‘scientific.”’ It would
be difficult to separate these overlapping
areas, as Harrison observed: ‘‘The sum
of scientific, engineering, and technolog-
ical knowledge is a continuously expand-
ing resource of unprecedented richness
and value. Without a term for this body
of knowledge, it is frequently referred to
as scientific knowledge’’ (/). She ob-
served that the legacy of science, engi-
neering, and technology is an array of
concepts, an array of methodologies,
and a body of knowledge consisting of a
database. Much of the knowledge she
referred to is recorded in publications
and computer files and ultimately ap-

pears in electronic form in publicly avail-
able databases. It is those publicly avail-
able electronic databases that are of con-
cern here.

There are many ways to classify data-
bases, and a distinction among word-
oriented, number-oriented (numeric),
and picture-oriented (pictorial) types is
made on the basis of the different ma-
chine representations for data. The com-
puter software packages for handling
these three types differ considerably.
Word-oriented databases are comprised
primarily of strings of characters, and
consequently software that is adept at
handling such strings is used; the com-
puter processes strings of alphabetic and
alphanumeric characters. The file struc-
tures and indexing in the computer for
these may vary for the different word-
oriented databases, but the string han-
dling operations are basically the same.

In contrast, numeric databases require
retrieval of numeric data, capabilities for
manipulating them (for example, various
statistical routines, regression analyses,
and time-series) and routines for present-
ing the data in a format that is familiar to
the users. There is less fetching and
more processing involved. Statistical
routines and other manipulation pro-
grams operate in the same way whether
the data relate to sociological, economic,
production, or chemical phenomena;
numbers, symbols, or both, representing
numbers are manipulated.

Pictorial databases contain primarily
pictorial representations of, for example,
chemical structures, physical particles,
fingerprints, anatomical parts, or geo-
graphic and geologic maps. The types of
computer processing involved are less
likely to depend on string matching and
computational capabilities than on fea-
ture extraction, pattern-matching, and
coordinate matching. Since there are no
publicly available online pictorial data-
bases (other than chemical structure files
wherein matching is done through con-
nection tables rather than pattern match-
ing), they are not discussed further here.

Databases, essentially organized col-
lections of computer-readable informa-
tion in a defined subject area, are some-
times classified in that way. The defined
area may be a single subject or discipline
(chemistry), multidisciplinary (chemical-
biological activities), problem-oriented
(environmental pollution), mission-ori-
ented (space), or oriented toward certain
types of transactions (trading stocks and
bonds). Other classifications distinguish
bibliographic (literature references) from
nonbibliographic (all others), databases
(bibliographic) from databanks (numer-
ic), numeric from non-numeric, or refer-
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ence (containing pointers to data
sources) from source (containing the in-
formation or data).

Bibliographic Databases

Electronic databases in science, engi-
neering, and technology appeared in the
1960’s; they were word-oriented and
contained bibliographic references to
published literature. In the mid-1960’s
there were only a few dozen. A database
directory published in 1976 listed 301 (2).
By the end of 1984, there were more than
2800 publicly available electronic data-
bases of all types (3, 4). Key databases,
among the hundreds of scientific data-
bases, cover disciplines such as chemis-
try, physics, biology, engineering, and
medicine as well as interdisciplinary and
problem-oriented areas.

Chemical Abstracts Service (CAS) led
the way with Chemical Titles (CT) data-
base in 1961 with limited coverage of 750
journals providing references to 68,400
articles (5). CAS introduced CA Conden-
sates in July 1968 and in its first 6 months
included 112,137 references. CA Con-
densates was replaced by CA Search,
which corresponds to the references in
the printed Chemical Abstracts and cov-
ers the chemical literature from 1967 to
the present. The CAS Registry and No-
menclature database, which provides
registration numbers, CA nomenclature,
and synonyms for 6,910,000 chemical
substances, was started in 1965. The
average number of substances registered
per year has been 345,000, but an aver-
age of 600,000 per year will be added
during the next several years as sub-
stances cited in Chemical Abstracts from
1920 to 1965 are registered. CAS Regis-
try numbers will provide links within and
between multiple chemical databases
(both CAS-produced and others), and
the potential exists for linking virtually
all chemical databases in a chemical net-
work (6). The CAS Registry and Nomen-
clature system was developed to over-
come the naming problem within CAS’s
own databases but already serves a wid-
er purpose. There are now 10,565,000
names of chemicals in the system for an
average of 1.53 names per compound,
but most substances appear only once
and have only one name. Compounds
that appear more frequently in the litera-
ture or that are produced by multiple
manufacturers exceed the average. The
extreme case is polyethylene with 1411
names, followed by polychloroethylene
with 927 names.

Most of the major scientific bibli-
ographic databases started in the late
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1960°’s and early 1970’s. The American
Chemical Society’s CAS was soon fol-
lowed by BioSciences Information Ser-
vice with the BIOSIS Previews data-
base; it corresponds to the printed Bio-
logical Abstracts and BioResearch Index
(now called Biological Abstracts/RRM).
BIOSIS Previews became available com-
mercially in 1969 and by the end of 1984
had grown to include 4,264,000 refer-
ences. The major databases in engineer-
ing are Engineering Information’s COM-
PENDEX database that corresponds to
the Engineering Index and the Institution
of Electrical Engineer’s INSPEC-B and
-C databases that correspond to Electri-
cal and Electronics Abstracts and Com-
puter and Control Abstracts. COMPEN-
DEX, which began in 1969, had
1,685,669 references by the end of 1984.
The INSPEC databases started up in
1970 (with information going back to
1969). At the end of 1984, INSPEC-B
had 776,569 references and INSPEC-C
had 504,582. Major databases in physics
are the American Institute of Physics’
SPIN database and INSPEC-A that cor-
responds to Physics Abstracts. SPIN,
dating from 1970, had accumulated
375,201 through 1984, and INSPEC-A,
1,509,176 items.

The two major databases in medicine
are Medline of the National Library of
Medicine (NLM) and Excerpta Medica
of Excerpta Medica, B. V. Medline cor-
responds to the printed Index Medicus.
The Excerpta Medica database corre-
sponds to the print product of the same
name.

The largest multidisciplinary scientific
database is the Institute for Scientific
Information’s SCISearch; it covers vir-
tually all areas of science and technology
and corresponds to the Science Citation
Index. SCISearch includes not only ref-
erences to articles from over 4000 jour-
nals but also cited references that appear
in the bibliographies of these articles.
Apicultural Abstracts and Chemorecep-
tion Abstracts are specialized life sci-
ence databases. Envirotapes and Ener-
gytapes are problem-oriented databases
that include material from many disci-
plines.

Full-Text Databases

A relatively new trend in electronic
databases is the creation of full-text data-
bases for search and retrieval on the
systems that traditionally have provided
bibliographic databases. A full-text data-
base contains the entire text of docu-
ments such as wire service stories, legal
cases, statutes, encyclopedia articles,

journals, or textbooks (7). The Mead
Data Central (MDC) LEXIS database is
not only one of the largest databases in
the world but was one of the first full-
text databases, having begun in the
1960’s. LEXIS contains the full text of
legal cases as well as statutes and many
other types of legal documents. Compet-
ing with LEXIS in the legal database
area is WESTLAW of West Publishing
Co. Initially, the two took different ap-
proaches, with LEXIS going the full-text
route and WESTLAW following the
more conventional surrogate (digest)
route. WESTLAW provided indexing
and surrogates, together with case
names, citations, headnotes, and key
numbered topics. In 1978, West added
full-text information to the WESTLAW
database to remain competitive.

Law was the first economically suc-
cessful application area for full-text data-
bases because lawyers often require the
full texts of cases together with applica-
ble statutes, rulings, and so on. The legal
databases keep growing as the body of
knowledge expands with new cases and
with new and changing statutes and regu-
lations. Unlike many fields where recent
findings replace prior ones, in law the
earliest case of a given type may set the
precedent and become the linch pin of a
subsequent case. The same is true with
respect to patent databases—new pat-
ents do not supplant older ones; the
object of most patent searches is to de-
termine whether there is prior art. The
database is constantly expanding and the
recorded data, regardless of age, are
essential for practitioners. These are two
of the reasons for the tremendous suc-
cess of legal databases.

Newspapers (for example, the New
York Times and the Wall Street Journal),
wire services (for example, United Press
International and Associated Press),
news magazines (for example, U.S.
News and World Report and News-
week), and newsletters (for example,
World Environment Report and Finan-
cial Management Advisor, which are
among the 250 newsletters offered by the
NewsNet search service) are examples
of full-text databases providing access to
news. For a number of years, the New
York Times Information Service (NY-
TIS) was in the forefront of news data-
bases offering its InfoBank database on-
line in 1973. In 1981, NYTIS first put the
full text of New York Times articles
online, but MDC beat them with NEXIS,
a full-text database covering newspa-
pers, news magazines, and the wire ser-
vices. In 1983 MDC took over the NYTIS
databases through a long-term license
agreement, making MDC the leader in
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news databases as well as legal data-
bases.

Among the full-text databases avail-
able for researchers are journals, refer-
ence works, and encyclopedias. The
electronic version of Encyclopaedia Bri-
tannica is available through MDC, the
Academic American Encyclopedia from
Bibliographic Retrieval Services, Inc.
(BRS), Dow Jones, and CompuServ,
and, of interest to chemists, is the Kirk-
Othmer Encyclopedia of Chemical Tech-
nology. In 1961 CAS produced the first
electronic database offered for searching
by the public, and by 1983 the full texts
of 18 ACS journals were available for
searching on BRS. BRS and BRS/
Saunders provide more full-text scien-
tific journals than any other online ven-
dor. BRS/Saunders’ Colleague system
provides easy access to databases in the
Comprehensive Core Medical Library of
databases, including major medical jour-
nals such as the New England Journal of
Medicine and Lancet and textbooks (8).

The legal full-text databases have been
eminently successful in terms of wide
use and high revenues, but the record, to
date, with encyclopedias and full-text
journal databases, such as the Harvard
Business Review database, has not been
remarkable. Full-text databases may
well be more successful on the optical
disk medium, which can accommodate
extremely high volumes of information
(billions of characters) that can be re-
corded on a single disk and distributed to
the user at relatively low cost. Optical
disks may replace some magnetic disk
databases and may complement others
by providing a means of displaying picto-
rial information which is often needed
with medical texts, for example.

Numeric Databases

A numeric database is an electronic
database that contains primarily numeric
data. A numeric datum consists of a
numeric value and one or more attributes
of the value. Numeric data are mea-
sured, observed, or calculated quanti-
ties, such as the boiling point of a specif-
ic compound, wind velocity at a speci-
fied location and time, or the average
price of a class of products over time.
Naturally, some non-numeric data are
included in numeric databases; the labels
and legends associated with tables and
graphs, for instance, and the nominal
numeric designators (code numbers,
document numbers, and product num-
bers) are not numeric data. Many numer-
ic databases are actually database sys-
tems because they do not exist apart
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from a system for locating, retrieving,
processing, and analyzing the data that
they contain (9-/2). Numeric databases,
like word-oriented databases, include a
wide variety of types and are frequently
distinguished by subject or discipline,
multidisciplinary areas, problems, mis-
sions, and the like.

There are scientific and nonscientific
numeric databases. Within the first cate-
gory, a distinction is made between the
databases that are strictly science-orient-
ed and those that are more business-
oriented. Science-oriented databases
provide data resulting from, and used in,
the conduct of scientific research, devel-
opment, testing, and evaluation in the
physical, engineering, and life sciences
(theoretical, observational, and calculat-
ed data regarding physical, chemical,
and biological materials, objects, and
phenomena). Business-oriented data-
bases that are scientific deal with the
business aspects of science, engineering,
and technology (production data, sales
export and import figures, transportation
data, plant capacities, plant locations,
and so on). These are practical distinc-
tions based on observation of the data-
bases that are now on the market. A
rigorous taxonomy of types of informa-
tion and data would likely produce a
continuum with considerable overlap
among and between types of data, but
many of the data represented in such a
taxonomy would probably not be found
in current publicly available databases.

If one considers a continuum of types
of numeric data ranging from the ab-
stract physical to the social (physics,
chemistry, engineering, biology, medi-
cine, social science, politics, and eco-
nomics-finance-business), certain gener-
al observations may be made about the
data. Proceeding from the physical to the
social, data range from time-independent
to time-dependent, from stable to highly
changeable (because of social factors),
from those associated with a few varia-
bles to many variables, from predictive
to nonpredictive, from less susceptible
to subjective interpretation to more sus-
ceptible to subjective interpretation, and
from highly reproducible to less repro-
ducible; they also range from observa-
tions and measurements of physical phe-
nomena, properties and events, through
observations and measurements of bio-
logical organisms, to individual humans,
to groups of humans or social organisms
such as markets, companies, industries,
cities, or countries. It is the human-
social character of data at the social end
of the continuum, where business data fit
in, that contributes to the high use of
business data online. The data are need-

ed for business decisions, and the data
are changing continuously. Therefore
the users must have access to systems
that provide the data in real time (for
example, commodities markets, mone-
tary exchange rates, and credit checks).

Some bibliographic databases, such as
PHYSCOMP, point users to articles con-
taining data compilations, and there are
hundreds of bibliographic databases that
direct the user to published articles and
reports containing research results; but
there are relatively few publicly avail-
able online compilations of hard scien-
tific data. Many databases (such as the
DRI Chemical Data Bank), deal with the
business aspects of science. Similar
types of data are provided for electronic
products, agricultural products, and oth-
ers. Such databases are essential to the
business aspects of science, technology,
and engineering but do not contain the
scientific data required for scientific re-
search.

DIALOG Information Services, Bibli-
ographic Retrieval Services, System De-
velopment Corp. (SDC), the National
Library of Medicine, and the other ven-
dors that grew up in the bibliographic
world do provide some scientific numer-
ic databases but for the most part they
are textual-numeric and not primarily
numeric. Those vendors that originated
in the numeric data time-sharing envi-
ronment provide access to business data-
bases primarily, and even though some
(Data Resources, Inc., and 1. P. Sharp,
for instance), have added scientific data-
bases, these are business-oriented scien-
tific databases. The largest service that
provided primarily scientific numeric da-
tabases was the Chemical Information
System (CIS), which is no longer operat-
ed by the government. Even though CIS
was the largest such service in 1983, the
total number of connect hours for that
year was under 7000.

Although the public use of scientific
numeric databases is low, the use of
scientific word-oriented databases is not.
Scientific word-oriented databases make
up slightly more than half of the word-
oriented databases offered online and
more than a third (36 percent) of the U.S.
usage of databases provided through
those systems is of the scientific data-
bases (/3). Use of these scientific data-
bases is outranked only by legal data-
bases. Legal databases make up only 2
percent of the word-oriented databases,
but the usage of legal databases repre-
sents 38 percent of the total U.S. usage
of this class of databases. The two larg-
est vendors in this group are Mead Data
Central and DIALOG, both of which
experienced approximately half a million
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hours of use in 1983 in the United States
alone. The use of scientific databases
might be even greater if scientists and
engineers could pass on the cost of
searching to customers as lawyers can.
Scientists and engineers do pass on the
cost ultimately in the form of research
and development costs, but such com-
pensation may be many years removed
from the consumer’s purchase of the
resultant products or services.

The number of scientific numeric data-
bases that are publicly available through
online and time-sharing systems, exclud-
ing the business-oriented ones, is also
quite small. If one includes the 63 tex-
tual-numeric databases such as the TOX-
ICOLOGY Data Bank of the National
Library of Medicine, there are 83, but if
one excludes these (36 of which are
chemical) there are only 20 scientific,
nonbusiness oriented numeric databases
(3). Certainly there are thousands of in-
house, company-restricted, and govern-
ment-restricted scientific numeric data-
bases in electronic form, but this article
is concerned only with those databases
that are available to virtually anyone in
the free world who is willing to pay for
access to them.

The Chemical Information System
was originally developed by the National
Institutes of Health and operated by the
Environmental  Protection  Agency
(EPA) starting in 1973. It provided ac-
cess to 20 chemical databases including
physical and chemical properties (x-ray
and thermodynamic), spectroscopic data
(mass spectra, infrared spectra, and car-
bon-13 nuclear magnetic resonance),
biological data (nucleic acid sequences),
toxicological, regulatory, and environ-
mental data as well as an electronic mail
service and linkages through the CAS
Registry Numbers (for chemical sub-
stances) to bibliographic databases avail-
able on DIALOG, SDC, and NLM (/4).
In response to recommendations made
to EPA and because of alleged misman-
agement (15), CIS was dropped by EPA
at the end of November 1984. To ensure
continued availability of its databases to
the 600 CIS subscribers, CIS databases
were licensed by the government to two
private sector organizations, Fein-Mar-
quart Associates and Information Con-
sultants, Inc.

At the hub of CIS is the Structure and
Nomenclature Search System (SANSS)
cpntaining more than 800,000 names for
more than 250,000 substances. SANSS
functions both as a substructure search
system and as a locator utility to gain
access to other CIS databases. Within
the EPA CIS family of databases,
SANSS, which was used most, totaled
fewer than 2000 hours in 1983, followed

by the Mass Spectral Search System and
the Oil and Hazardous Materials Techni-
cal Assistance Data System, which to-
gether were used only about 120 hours
per month or 1500 hours in a year. The
next most used database had only 30
hours of use per month, and most CIS
databases had fewer than 10 hours of use
per month which, at rates of $55 or $85
per hour, could not support their shares
of the maintenance cost of the system
and could not touch the database pro-
duction costs.

Technical Database Services is cur-
rently developing a line of hard data
including physical, thermodynamic,
transport, and other properties and
specifications for chemicals, materials,
and mixtures. It has implemented for
online search and retrieval Log P (pro-
duced by the Medicinal Chemistry Pro-
ject of Pomona College) (/6) and will
soon introduce thermodynamics and
transport data from the Texas A&M
thermodynamics database. Most numer-
ic databases provide information in busi-
ness and economics rather than science
and technology. Publicly available scien-
tific databases are still relatively few in
number, and their use is low in compari-
son with that of either bibliographic data-
bases or business-oriented numeric data-
bases. Usage of business numeric data-
bases, including commodities quotation
systems, was certainly in the tens of
millions of connect hours (because of the
kinds of price structures used for numer-
ic database services, they do not mea-
sure performance in terms of connect
hours but by revenue) whereas use of the
(hard) scientific numeric databases was
less than 30,000 connect hours.

If new scientific numeric databases are
to become successful (become sufficient-
ly used to remain viable), they must
provide not only high-quality data pack-
aged in a manner that is amenable to the
intended user, but they should include
one or more attributes of the databases
that have proven successful. Chances of
success may be increased if databases
include data that (i) are continuously
changing and therefore need to be updat-
ed frequently (as seen in the commod-
ities market); (ii) are needed by many
people daily as tools of their trade (as
seen in legal databases); (iii) are of per-
manent value and are not replaced by
new data so that the entire database is
always of value to users regardless of its
continued growth (as is the case in legal
and patent databases); and (iv) are too
voluminous for individual organizations
to maintain but that are recognized as
essential to the functions of specified
industries. It is regrettable that in a coun-
try where considerable expenditures of

time and dollars are made for scientific
research we have been unable to pro-
duce and maintain, on an economically
stable basis, scientific numeric databases
that could be shared by many research-
ers.

Access to Databases

The principal mode of access to elec-
tronic databases is through online search
service organizations. These vendors, so
called because they sell access to data-
bases produced by others, also provide
software used for search and retrieval
(including a host of commands, features,
and functions) and the added value asso-
ciated with the way they load the file
(break the records into fields with sub-
fields and then sort and index them to
permit search and display either sepa-
rately or in predefined sets).

There are 362 vendors (3) of online and
time-sharing search services worldwide
but only a few account for most of the
search activity. Vendors provide the
windows through which users see the
data in databases. Vendor organizations
can be classed according to the majority
of the kinds of databases they process—
that is, mostly word-oriented databases
or mostly numeric databases. As their
efforts to expand markets continue, most
are branching into other areas. Vendors
of word-oriented databases are acquiring
numeric databases and vice versa, and
both types are adding services such as
electronic mail and messaging systems.
Although these other services are not
database services, when used habitually
they make the users more dependent on
the vendor. The closer a vendor comes
to being a one-stop information and com-
puter service organization, the more
likely it is to keep its customers.

Among the vendors of online numeric
databases, there are those that deal pri-
marily with business databases—includ-
ing the business aspects of science—and
those that deal with (hard) scientific da-
tabases. Among numeric database ser-
vices are Data Resources, Inc. I. P.
Sharp, General Electric Information
Services Company, Chase Econometrics
and Chemical Information System. All
but the latter are principally business-
oriented. Among the vendors of word-
oriented databases are Mead Data Cen-
tral, DIALOG Information Services,
Bibliographic Retrieval Services, Sys-
tem Development Corporation, the Na-
tional Library of Medicine, CompuServ,
The Source, Dow Jones and Company,
Inc., and NewsNet, Inc. The first five
are examples of vendors whose markets
are largely in institutions and their data-



bases are geared for serious research.
The second four are vendors whose cus-
tomers are largely individuals and their
databases are consumer-oriented or
geared for popular appeal. Consumer
systems are not discussed further.

Data Resources, the largest of the sys-
tems that provide business-oriented nu-
meric databases, began in 1969 with
about 3000 time series (data values asso-
ciated with a defined phenomenon ob-
served at equally spaced times); at the
end of 1984, there were approximately 20
million time series. DIALOG, the largest
online search service, provides mostly
word-oriented bibliographic databases.
It began providing commercial search
services in 1972 with two government
produced databases, ERIC and NTIS. In
1972 those two databases contained ap-
proximately 100,000 references and the
service was operated on an IBM 360/30
(less power than many personal comput-
ers have today). At the end of 1984
DIALOG had 200 databases with 100
million items (bibliographic references
and other types of records) occupying
250 gigabytes of storage on two large-
scale dual processors (Hitachi NAS 9000
series machines).

The National Library of Medicine be-
gan operation as an online search service
organization in October 1971 with one
database, Medline with 147,000 refer-
ences. At the end of 1984 Medline alone
had grown to 4,504,089 references and
the full set of 21 databases offered in-
cluded 8,682,798 items. Mead Data Cen-
tral introduced commercial online ser-
vice in 1973 with its own LEXIS data-
base and the National Automated Ac-
counting Research System (NAARS)
database, operating on an IBM 370/155.
The 1973 database included 208,000 doc-
uments or 2.5 billion characters. By the
end of 1984, MDC was processing data-
bases within ten major services contain-
ing 18,290,000 documents or 80 billion
characters of data, operating on four
Amdahl 5860’s with a total capacity of 52
million instructions per second. In 1973 a
staff of 12 handled the databases and
search services; the staff had grown to
1300 by the close of 1984.

Aids to Online Retrieval

Most of the world’s currently pub-
lished literature, referenced or included
in more than 2500 databases, is readily
accessible not only to the trained infor-
mation searchers in corporate informa-
tion centers and special, academic, and
public libraries throughout the world
but also to scientists, engineers, and
researchers of all types. Although public

online search services have been avail-
able since the early 1970’s, virtually all
of the initial users were trained searchers
who learned to deal with the specific
commands, protocols, features, respons-
es, and messages of each system that
they used. In the early years fewer than a
dozen online systems were open to the
public. Now with 362 online services (3)
the problem has increased. While few
searchers maintain proficiency in the use
of more than five to ten systems; even
that is much more than end-users can
manage. Not only is there a problem in
being ‘‘conversant’’ with multiple sys-
tems, but there is the difficulty of know-
ing what databases exist and what sys-
tems allow access to them. These prob-
lems have long been recognized and ad-
dressed by researchers in information
science (17).

Research programs going back to the
early 1970’s paved the way for the devel-
opment of ‘‘transparent systems,’”’
‘‘user-friendly front ends,’’ ‘‘intermedi-
ary systems,’”’ and ‘‘gateway systems’’
to online services. These new systems all
have the same aim—to make the com-
plexities of online searching transparent
to users. Virtually all of the transparent
systems that are commercial products
have one feature in common; they all
provide automatic dialing and log-on to
the search service.

The terminology seen in the trade liter-
ature is imprecise and evolving, as is the
case with much of the terminology asso-
ciated with computer technology. The
following definitions may be helpful.
User-friendly front ends are software
interfaces to online systems which are
easy for the user to operate and run a
microcomputer when the microcomputer
is being used for online access. They are
easy to use and simplify the access to the
search service, hence ‘‘user-friendly.”
They are front ends in the sense that
such a system is used in front of, or
before, the target search service. User-
friendly front ends permit one to enter
search terms off-line and to connect to
the search service by merely striking a
single key (specific keys are pro-
grammed for specific systems—one for
DIALOG, another for Bibliographic Re-
trieval Services and the like). The soft-
ware on the user’s microcomputer per-
forms the search automatically, down-
loads (transfers from the host mainframe
to the user’s microcomputer) the search
results, and logs off. The user does not
need to know many specifics about the
search service command language, syn-
tax, protocols, and so on; thus the nov-
ice user can perform a search more easi-
ly. Also, since the keying of search terms
is done off-line on the user’s microcom-

puter, connect time is reduced as are the
associated charges. User-friendly front
ends can aid the novice searcher and the
casual or occasional searcher who does
not wish to memorize the detailed speci-
fications required for online searching.
They may also be useful to the experi-
enced user who is familiar with the ter-
minology and contents of specific data-
bases. On the other hand, user-friendly
front ends remove from the user the
interactive aspect of the search service
and the facility for iteratively developing
and improving search strategies. The
cost of the interface software and the
added cost of the searcher’s time ex-
pended while developing the search off-
line are considerations, too. Since a nov-
ice user does not know how to exploit
the full potential of the search software,
the user-friendly interface is a good way
to overcome the initial resistance that
many have to conducting information
searches on a computer. The advantages
are more for novices than for experi-
enced users.

Intermediary systems are microcom-
puter software packages that are de-
signed to function as substitutes for in-
termediary searchers. They are intended
to help the user, as an intermediary
searcher does, in negotiating a search
question on an online search system.
They are generally menu-driven (giving a
series of prescribed options) or prompt-
ed (providing suggestions and instruc-
tions) systems that guide a user through
the search process of selecting terms,
phrases, and term fragments (truncated
terms) and relating them through Bool-
ean and proximity logic operators. Inter-
mediary systems are usually database
specific—that is, they help the user con-
duct a search in a specific database or
family of databases. They are often de-
veloped by the database producer to
reach a larger market. Examples are Sci-
Mate for ISI databases, Disclosure,
Inc.’s Microdisclosure for searching the
Disclosure database on DIALOG, and
Search Helper, designed for use with the
Information Access Corporation family
of databases (Magazine Index, National
Newspaper Index, Legal Resource In-
dex, Trade and Industry Index, New-
search, Management Contents, and the
Computer Database.)

A gateway system directs a user to one
or more of multiple online systems and
ultimately to one or more databases
within the system. It is more than a
simple automatic log-on. Gateway soft-
ware should contain intelligence tha
automatically routes a question to ar
appropriate system without the use
needing to know telephone numbers
protocols, and passwords. Research o



gateways began in the mid-1970’s (I7)
and operational systems started in the
early 1980’s. Among the more sophisti-
cated current gateway systems are the
Intelligent Gateway System of Lawrence
Livermore National Laboratory, iNet of
Bell Canada, and the International Insti-
tute for Applied Systems Analysis
ITASA TPA/70 Gateway in Austria.

Most commercially available front
ends and intermediary systems are pro-
vided as floppy disk software packages,
but there is no technical reason why they
cannot be located at other points within
the network. For example, an intermedi-
ary system might reside on a host search
service. In fact, intermediary software
could be developed for every database,
or, a generic system could be developed
for the online search service itself. Inter-
mediary systems and other such facilita-
tors could reside in a separate facility
and be called up as needed to provide
entrée into required databases and data-
base search systems.

The entire area of transparent systems
for aiding online database searching and
the development of user-friendly inter-
faces, front ends, and the development
of gateways is ripe for the application of
artificial intelligence (AI) techniques and
the development of specialized expert
systems.

Artificial intelligence is concerned
with the ‘‘design of intelligent computer
systems: that is, systems which exhibit
the characteristics commonly associated
with human intelligence—understanding
natural  language, problem-solving,
learning, logical reasoning, etc.’” (I18).
The proponents of AT predicted its use
in information retrieval for understand-
ing natural language documents in the
1960’s. Considerable research was un-
derway, but progress was limited to ap-
plications for very small databases in
very limited domains. It has been only in
the past decade, with the increased
speed and decreased cost of computers
and the facilities for handling large files
(containing knowledge bases) that wider
scale testing of Al techniques has been
possible and Al software for very specif-
ic applications has become operational in
real world situations. Artificial intelli-
gence is finally entering the world of
online retrieval and electronic databases.

Artificial intelligence techniques are
used in expert systems. An expert sys-
tem ‘‘combines the storage capacity of a
computer for specialized knowledge with
its ability to mimic the thought processes
of a human expert”’ (/8). The mid-1980’s
are witnessing the development of expert
systems to aid online retrieval by making
them more transparent. Intelligent gate-
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ways and intelligent intermediary soft-
ware will mimic the thought processes
and actions of expert searchers. The
achievements are in limited domains and
the greatest strides have occurred in
medicine.

Issues and Trends

Public-private sector. Databases are
produced in both the public (government
organizations) and the private sectors
(not-for-profit and commercial organiza-
tions). All producers of publicly avail-
able databases charge for their use and
vendors charge for the search services.
Charges are levied for various reasons:
to cover the costs of database genera-
tion, to develop new products, and to
generate profit (in the commercial sec-
tor); to cover the cost of data production
and new product development (in the
not-for-profit sector); to comply with Of-
fice of Management and Budget imposed
mandates to recover costs (in the gov-
ernment sector); or, as in the case of the
National Library of Medicine, to limit
the amount of use to stay within the
bounds of computer limitations. The fees
charged by government agencies are
generally lower than those charged by
industry. The rationale for lower prices
is that because the databases are pro-
duced with the use of tax funds, there is
a social responsibility to make them
available to a wide community of users,
and price, they say, should not consti-
tute a significant barrier to use.

The use of low prices by government
database producers is viewed by the
private sector as unfair competition. The
private sector is concerned that low pric-
ing by the government tends to create an
impression, among users, that higher
prices represent exploitation, whereas in
fact, since government databases are
partially subsidized by tax funds, the
pricing may be artificially low. Also, any
successful database produced by the
government is viewed by the private
sector as a lost opportunity for them.
Needless to say, if the government data-
bases had not proved successful, no one
would have cared. However, the suc-
cessful government databases did not
start out that way. The government car-
ried out and sponsored much of the
pioneering work in the development of
electronic databases and online systems.
The problem becomes more acute when
the same subject area is covered both by
a government database and a private
sector one. This occurred in the instance
of the National Library of Medicine
whose Medline database, which is one of

the three most used word-oriented data-
bases (/3), was considered by Elsevier to
constitute unfair competition for its Ex-
cerpta Medica database (/9). In general,
government databases are priced low
and tend to deal with defense, essential
services (education, security, emergency
and disaster information, and so on), and
biomedicine, whereas commercial data-
bases are more business-oriented and are
more likely to produce profits in the near
term.

Transborder data flow. Transborder
data flow is a problem because there is
disagreement between those who favor
the free flow of information and those
that are concerned about safeguarding
trade, business, and financial as well as
scientific, technical, and governmental
secrets. In the world of commerce, main-
taining proprietary information within a
company is of utmost importance for
achieving and maintaining a competitive
position in the marketplace. A country’s
advances in science and technology and
the use of the resulting information lead
to the development of products and pro-
cesses and ultimately provide benefits in
terms of national defense and prosperity
for the country. On the other hand, infor-
mation is a societal good and can be used
for the benefit of mankind regardless of
national borders. The usual safeguards
employed are copyright, data rights, and
trade restrictions, on the one hand, and
reciprocal agreements or bilateral agree-
ments on the other. One of the deeper
problems that goes beyond formal agree-
ments for giving or exchanging informa-
tion is the fact that data in electronic
form can often be transmitted without
the knowledge or permission of the data
owner, and the transgression is difficult
if not impossible to detect.

Transborder data flow is an issue that
is tied in with the public-private sector
problem and with copyright. Those who
wish to keep databases in the public
sector for the public good are generally
those who also favor the free flow of
information. They view information as
more of a societal good than as a com-
modity. Those who argue that informa-
tion is an economic resource and a com-
modity generally favor keeping data-
bases in the private sector with the full
protection of copyright. Emotions are
strong on both sides, but it is not an
either-or situation. Information is gener-
ated, processed, and used by all parts of
the public and private sectors and there
cannot and should not be exclusive
claims to particular domains.

Copyright and downloading. Micro-
computers (including inexpensive per-
sonal computers) allow access to data-
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bases by both trained searchers and end
users. This is a mixed blessing as far as
database producers are concerned. The
expansion of the number of users is
positive as is the fact that databases are
beginning to be used more widely by end
users. On the other hand, since micro-
computers have both processing power
and memory, it is possible to program
them (or acquire programs that are com-
mercially available) to download infor-
mation (transmit from a mainframe com-
puter, for instance, the online vendor’s
computer, to a local memory device such
as a microcomputer or intelligent termi-
nal) and store it on the microprocessor
for reuse. This presents a problem be-
cause the databases are generally under
copyright (20), and the database-produc-
ing organizations are dependent on use
fees or royalties from database usage to
pay the cost of developing and maintain-
ing the database. Producers do not want
their databases to be copied and repro-
cessed locally without their knowledge
and fair payment. Many permit down-
loading for one-time use, that is, in order
to reformat or rearrange search output,
but this does not include continued stor-
age and re-searching.

Database producers provide their da-
tabases to the online search services or
vendors under a license agreement that
provides for compensation back to the
producer. Pricing strategies are devel-
oped by the vendor that will permit com-
pensation to the vendor and to the pro-
ducer. Additional revenues are generat-
ed for each use of a database. If data-
bases are downloaded for repeated local
searching, revenues will decrease. While
downloading provides a cost savings for
users, it may ultimately be self-defeat-
ing. Loss of revenues to database pro-
ducers (especially the nonprofit produc-
ers whose margins are generally low) and
vendors may force them to raise prices
and may ultimately cause the demise of
databases. Another worrisome prospect
is the possibility that commercial organi-
zations will download substantial sub-
sets of databases and then reformat the
data or augment it with additional data to
produce a new database product, or
both. This practice not only would de-
crease revenues of a database producer
but would make the producer of the
original database compete with the new
producer who would be using the origi-
- nal producer’s own data. The download-
ing phenomenon is growing rapidly be-
cause it is easy to do and because there
are so many commercial software pack-
ages (front ends, and so on) that provide
for it. Database producers are attempting
to develop pricing schemes that will per-
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mit downloading for reuse and resale but
with adequate compensation to the pro-
ducers.

Related to the problem of copyrighted
databases and producer proprietary in-
terests is the contention between authors
and publishers regarding the proprietor-
ship of intellectual property. Authors are
becoming increasingly concerned as
their works become part of electronic
databases, and it becomes easy for oth-
ers to copy them. They are also con-
cerned about compensation as the elec-
tronic publishers make additional uses of
the authors’ works. These and related
issues are being addressed by the U.S.
Congress Office of Technology Assess-
ment Advisory Panel for Intellectual
Property Rights in an Age of Electronics
and Information.

Optical disk. Databases have tradi-
tionally been distributed as magnetic
tapes, and small specialty subsets have
been distributed in the form of floppy
disks. Now optical disk or videodisk
technology provides a new means of
database distribution and a compact way
of storing archives. Optical disks offer
several important features. They permit
extremely dense storage (500 million to
more than a billion characters per disk
side depending on the manufacturer), the
ability to store not only text but graphic
or pictorial information, and a low cost
per copy, after the master is created.
Optical disks are a new way for database
producers to distribute their products.

Some optical disks are read-only, that
is, once created, data cannot be altered.
More recently, read-write (write once
but one cannot overwrite) disks have
become available. Disks containing en-
tire databases, that would otherwise re-
quire dozens of magnetic tapes, can be
reproduced for only a few dollars each,
but this does not mean that database
producers will lease, license, or sell their
databases for a price that is close to the
cost of the physical disk plus copying
cost. As is the case with other types of
publications, the physical production
costs are a tiny fraction of the total
database creation costs, which must be
recovered. The potential exists for disks
to replace online usage of databases.
However, if optical disks were to make
significant inroads in the online market,
then the producers would lose the reve-
nue from online use. The advantage opti-
cal disks would provide to producers is
that the producer would know who his
customers are, whereas with online data-
base use the online vendors maintain
that the users are their customers and do
not readily communicate full usage infor-
mation back to the producers. Producers

must weigh the benefit of user contact
against the potential loss of income from
online use of their databases when decid-
ing whether to distribute in the disk
medium.

Changing roles in database genera-
tion and processing. In the early days of
database development and online ser-
vices, there were clear lines of demarca-
tion among publishers of hard copy pri-
mary journals, database producers (who
were also the publishers of secondary
abstracting and indexing journals), on-
line search services, and telecommunica-
tion companies. These distinctions are
breaking down as the roles become inter-
mixed. Some of the changes have result-
ed from mergers and acquisitions in the
electronic database industry. Many new
alliances among all types of database
producers, online and time-sharing ser-
vices, primary publishers, secondary
publishers, and even telecommunica-
tions companies have been formed.
While the merger-acquisition phenome-
non indicates that the industry is matur-
ing, there are some potential dangers,
such as the possibility of monopolies, the
possibility of sacrificing database quality
to profits, and, for the United States, the
possibility that the control of major and
essential information resources could be
transferred out of the country as many
U.S. information organizations have
been bought by foreign organizations.

Not all changing roles are attributable
to mergers and acquisitions. Some online
services have begun developing data-
bases in order to increase their online
offerings in specific fields. Some data-
base producers have begun to offer their
own and other databases online, thus
becoming vendors. They see this as a
way to regain contact with their users.
Such moves toward vertical integration
may well help the producer-vendor, but
they are viewed by some as tending
toward monopolies. Depending on one’s
perspective, horizontal integration or ex-
tending the supermarket (one stop) ap-
proach to database offerings can also be
viewed as problematic.

Most of the major publishers of books
and journals view themselves as elec-
tronic publishers. They are creating full-
text databases in conjunction with their
computerized composition, and they are
eagerly looking to put the databases on-
line in order to capture additional reve-
nues without jeopardizing their print
sales. This creation of full-text databases
and their use online has not yet proven
profitable, but more of them are going
online and it may take a critical mass in
given subject areas to make them really
attractive and useful.

455



Conclusion

Online databases for use by the gener-
al public have been available for little
more than a decade, but in that short
time the volume of items available has
grown more than a thousandfold. Al-
though limited in subject coverage ini-
tially, there are now databases that ap-
peal to users in virtually all disciplines.
The number of services has increased as
has the value received per dollar (even
though the price per hour for given data-
bases may have doubled in 10 years, the
number of records in the databases has
far more than doubled). Online systems
have become much more sophisticated
and at the same time intermediary sys-
tems have been developed to make them
easier to use. The fledgling activities of
the early 1970’s are a part of a successful
industry with entrepreneurs appearing
everywhere. Research and development
is continuing and the research and devel-
opment, together with the enthusiasm
and excitement of the entrepreneurs,
may well lead to the day when using
online databases is as routine an activity
as using telephones.
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Intelligent Tutoring Systems
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Computer systems for intelligent tu-
toring are being developed to provide the
student with the same instructional ad-
vantage that a sophisticated human tutor
can provide (I, 2). A good private tutor

ment of training in the mathematics and
science topics that are requisite for en-
trance to the scientific community and to
the high-technology world.

There are now over 10,000 pieces of

Summary. Cognitive psychology, artificial intelligence, and computer technology
have advanced to the point where it is feasible to build computer systems that are as
effective as intelligent human tutors. Computer tutors based on a set of pedagogical
principles derived from the ACT* theory of cognition have been developed for
teaching students to do proofs in geometry and to write computer programs in the

language LISP.

understands the student and responds to
the student’s special needs. From its
beginnings, the computer has been
viewed as capable of providing such in-
struction, thereby having the potential to
improve the quality of education. Of
particular importance is the improve-
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educational software available. Almost
all of this software can be classified as
computer-assisted instruction (CAI) in
contrast to intelligent computer-assisted
instruction (ICAI) or programs that sim-
ulate understanding of the domain they
teach and that can respond specifically
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to the student’s problem-solving strate-
gies. A large fraction of CAI software is
of low quality and accounts for much of
the teacher disenchantment with the
computer (3, 4).

There have been attempts to bring
artificial intelligence techniques to bear
in development of ICAI (2, 5), but this
has been viewed as impractical and has
been largely relegated to the research
laboratory. One of the reasons was the
high cost of ICAI. It was common to
require a million-dollar machine to inter-
act with one student, and often the re-
sponse time of the machine was slow. A
second reason was the large amount of
time associated with creating education-
al software. It is thought to take 200
hours to create 1 hour’s worth of con-
ventional CAI, and the time associated
with ICAI is thought to be an order of
magnitude greater. Finally, there was no
established paradigm for enabling stu-
dents to acquire knowledge. Early ICAI
efforts often were ill-focused attempts to
interact intelligently with the student
without any clear understanding of the
impact of those interactions on learning.

These obstacles to past efforts at ICAI
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