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Chapter 3

Key Technology Trends Relevant to
Federal Information Dissemination

SUMMARY

The results of the General Accounting Of-
fice (GAO) surveys of Federal information
users (see chapter 4) and prior studies on the
future of paper and paper-based media (such ●

as books) indicate that paper is expected to
decline only marginally as a preferred format
in the next few years, although this decline
could become significant for specific types of
information (e.g., bibliographic, reference, sta-
tistical, scientific, and technical) that are highly ●

suited to electronic access and manipulation.
The outlook for microform is less favorable.
Microfilm is currently used very little for Fed-
eral information dissemination; microfiche, ●

while used extensively, is expected to decline
significantly as a preferred format, except for
records storage and archival purposes.

In sharp contrast, the GAO surveys of Fed-
eral agencies (see ch. 2) and Federal informa-
tion users (ch. 4) indicate that plans and prefer- ●

ences for dissemination in electronic formats
(e.g., electronic mail and bulletin boards, opti-
cal disks) are projected to increase dramat-
ically.

This chapter surveys a number of major tech- ,

nologies and key technical trends relevant to
Federal information dissemination. Several
key technical trends are expected to continue
conservatively for 3 to 5 years and in many
cases for at least 10 years, and are combining
in such a way that most of these plans and
preferences are likely to become reality. These

c

trends include:

● continued steady improvement in the
price/performance of microcomputers,
which already bring the power of main-
frame computers to the desktop at the
cost of a stereo set; microcomputers pro-

vide the technological underpinning for
numerous information collection, process-
ing, and dissemination activities;
continued, rapid proliferation of desktop
publishing systems, comprised of a
microcomputer, nonimpact printer, and
page composition software (and some-
times a scanner for paper input) in the
most basic configuration;
continued, rapid improvement in the
power of desktop publishing software to
handle more complex documents, formats,
fonts, and the like;
continued, steady improvement in the
price/performance of nonimpact printers,
with low-cost desktop printers offering
output quality acceptable for most docu-
ments, and high-end printers offering
quality comparable to some phototype-
setters;
similar improvement in the price/perform-
ance of scanners, with the capability of
high-end scanners (to handle a wide range
of type styles and sizes) migrating to desk-
top scanners;
as a combined result of the above trends,
overall continued improvement in the abil-
ity of desktop systems to produce higher
quality, more complex documents, thus
further reducing the gap between desktop
and high-end electronic publishing and
phototypesetting systems;
for complex, large-volume, and/or large in-
stitutional applications, continued im-
provement in high-end electronic publish-
ing characterized by:
–declining cost of software and work-

stations;
—increasingly heavy competition between

desktop and high-end systems;
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●

●

●

●

—rapidly growing networking of desktop
and high-end systems;

—rapidly growing networking of worksta-
tions with high-end nonimpact printers
and phototypesetters;
—increasingly heavy competition be-

tween and among software, worksta-
tion, phototypesetter, and computer
equipment vendors, as well as sys-
tems integrators and service bureaus
and;

—continued migration of electronic pub-
lishing to other applications such as
forms management and multi-format
output;

continued, rapid increase in the number
and use of computerized online informa-
tion services, especially for information
search and retrieval, electronic display,
and remote printing-on-demand when
needed;
continued, steady increase in the number
of online information gateways that pro-
vide the channels for electronic informa-
tion exchange (such as electronic data
transfer, mail, facsimile, and bulletin
boards), but not the information itself;
these gateways include common carriers
(interexchange and bell operating compa-
nies), value-added companies, and non-
profit and governmental systems;
continued advances in the telecommuni-
cation technologies that underlie online in-
formation services and gateways, includ-
ing packet switching, fiber optics, satellite
networking, FM subcarrier transmission,
and integrated switched digital systems;
rapid advances in optical disk technologies
and applications, especially for purposes
of information storage and dissemination;
advances include:
—accelerating penetration of Compact

Disk-Read Only Memory (CD-ROM) as

●

●

remaining standards issues are re-
solved;

—maturation of Write Once Read Many-
times (WORM) and erasable optical
disks (compact and full size) as technol-
ogy stabilizes and standards are estab-
lished;

—emergence of Compact Disk-Interactive
(CD-I) and other optical disk appli-
cations;

rapid advances in development of expert
systems applicable to many aspects of in-
formation dissemination-including tech-
nical writing, indexing, information re-
trieval, and printing management; and
continued, steady progress in develop-
ment and acceptance of standards for tele-
communication, data transfer, optical
disks, and page description and text
markup.

The net, cumulative effect of these techni-
cal trends is to afford the Federal Government
the opportunity to realize the kind of signifi-
cant performance improvements and cost re-
ductions that have been demonstrated in the
private sector. Also, the convergence of these
technical trends, along with progress in
standards-setting, makes information systems
integration a real possibility for the Federal
Government and other users. Systems integra-
tion permits the coupling of input, storage,
processing, and output technologies in ways
that permit multi-media (e.g., paper, micro-
form, online electronic, and stored electronic)
dissemination from the same electronic data-
base. In essence, the key technologies and tech-
nical trends highlighted above are central to
the emerging movement towards systems in-
tegration.
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INTRODUCTION AND OVERVIEW

A major objective of this study is to iden-
tify and discuss new or evolving ways in which
information technology can or might be applied
by the U.S. Government Printing Office (GPO),
National Technical Information Service
(NTIS), and other Federal agencies to the dis-
semination of Federal information. An impor-
tant step in this process is the identification
of key technology trends that are relevant to
information dissemination.

OTA has surveyed a representative cross-
section of major technologies relevant to in-
formation dissemination. The presentation in
this chapter emphasizes electronic technol-
ogies, although paper and microform are dis-
cussed briefly. Conventional ink-on-paper
printing technologies, including prepress and
binding, are considered in chapter 4 in the con-
text of alternative futures for GPO. As dis-
cussed in chapter 4, GPO has already upgraded
its conventional printing technology to a level
comparable to most of the private printing in-
dustry, However, GPO has much less experi-
ence with online information systems, expert
systems, optical disks, and high-end electronic
publishing. NTIS is in a similar situation (see
ch. 5), as is the Depository Library Program
(DLP). Libraries in general, especially the
larger research libraries, have more experience
with electronic systems (see ch. 6). Thus, this
chapter is highly relevant to general consider-
ation of future technological directions for
GPO, NTIS, and DLP, as well as the Federal
mission agencies.

This chapter emphasizes significant current
or emerging technical trends that are expected
to persist for at least 3 to 5 years into the fu-
ture. In many instances, the key trends are
likely to continue even longer–perhaps for 10
years or more. In the aggregate, the trends pro-
vide what OTA believes is a reliable overall
technology planning framework for Federal in-
formation dissemination. However, the pres-
entation in this chapter is not intended to be
used in the evaluation and selection of specific
equipment and systems. Some examples of
equipment, vendors, and/or applications are pro-

vided, but for illustrative purposes only. Some
cost and performance data also are included for
illustrative purposes only. These data change
rapidly, and should be checked with vendors if
product or service-specific evaluation is contem-
plated. Also, the presentation is geared to the
level of the informed lay person, not to the tech-
nical specialist. For discussion of specialized
information technologies not included here
(e.g., digital data tapes, digital cartographic
systems), the reader should consult a forthcom-
ing OTA staff paper on Federal Scientific and
Technical Information Dissemination. Finally,
for the discussion of telecommunication tech-
nologies not covered here (e.g., digital facsi-
mile, videotext, cable television), the reader
should consult OTA’S forthcoming report on
Commumnications Systems for An information
Age (1989).

Information Systems Integration

One important finding is that a combination
of technological advances, cost reductions, and
current or pending standards has opened up
for the first time a real possibility of informa-
tion systems integration in the Federal Gov-
ernment. The importance of this development
cannot be overstated. Until recently, the Fed-
eral Government, along with other major in-
formation system users, had no choice but to
obtain an essentially incompatible complement
of information technology hardware and soft-
ware, such that system integration across the
government and major agencies was very dif-
ficult, if not impossible. Integration of specific
systems within agencies was possible. But
even here, major integration efforts, for exam-
ple in the Department of Defense, still led to
numerous incompatible systems.

The relevance to Federal information dissem-
ination is immediate and direct. It is now pos-
sible to conceive of, plan for, design, and
implement an integrated information dissem-
ination system (or more likely a network or hi-
erarchy of systems) for the Federal Govern-
ment. This is possible because of advances in
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a whole range of relevant technologies-includ-
ing input, storage, processing, and output
technologies-that can deal with the entire
range of media, including paper, microform,
magnetic disk, optical disk, and direct elec-
tronic. And the cost/performance trends in
these technologies are likely to make a wide
range of applications cost-effective when com-
pared to conventional methods.

Two other related trends are equally impor-
tant. One is the trend toward standards for
systems interconnection at the hardware, soft-
ware, and applications levels. There is strong
movement among the vendor and user com-
munities and in the various national and in-
ternational standards bodies towards a hier-
archy of standards that will make it possible
for a wide range of information systems to talk
with and exchange information with each
other.

Another trend is the rapid penetration of
computerized information systems in all sec-
tors of society, but especially in the business,
educational, and research communities. This
means that many of those who provide infor-
mation to the government and use information
from the government can now or soon be elec-
tronically connected, and can, where appropri-
ate, send and receive information in a variety
of electronic formats. This in no way suggests
an end to paper-based information products—
but only that paper can be used where it is
really needed and in a more efficient and cost-
effective manner.

Realizing this potential for information sys-
tems integration requires, of course, more than
just the technology and standards. A variety
of institutional and policy changes maybe nec-
essary, and various alternatives will be dis-
cussed in later chapters.

Nonetheless, it appears that the technology,
the industry, the standards, and the govern-
ment are all moving towards systems integra-
tion. It is now possible to envision, in the rela-
tively short term, a Federal information

dissemination environment that includes the
following illustrative elements:

document/data entry (e.g., scanning, word
processing, facsimile);
document revision/composition (e.g., elec-
tronic publishing-desktop and high-end,
computer graphics);
document storage (e.g., electronic data-
base, optical disk);
document output (e.g., electronic publish-
ing, laser printing, photo offset); and
document distribution (e.g., optical disk,
electronic mail, computer diskette, online
electronic, paper copies, microform).

Indeed, electronic publishing can be viewed
as a key integrative technology because it can
serve to integrate the various formats (paper
and microform as well as electronic) of infor-
mation input, processing, storage, and output
within a common technical framework. Elec-
tronic publishing can also serve to connect the
various so-called islands of automation in an
organization-office automation, publishing
systems, database systems, records manage-
ment, document storage systems, and the like.
Standards on information exchange are criti-
cal, as is the need to find ways for the people
who work in various areas of automation to
work more effectively together.

The Microcomputer Revolution

Most Federal Government information is ei-
ther collected from the private sector, State/lo-
cal government, and the general public, or is
created by Federal employees and contractors
as the result of studies, analyses, research, and
the like. Even information collected from out-
side the government is frequently subject to
analysis by Federal employees, and in that
sense has a creative or value-added aspect.

The dominant technology relevant to the col-
lection and creation of Federal information is
the microcomputer. Over the last 5 years or
so, the United States has witnessed a revolu-
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tion in computer technology that has brought
the power of the mainframe computer to the
desk of millions of public and private sector
employees and citizens. And this revolution
is expected to continue for at least another 5
years.

The sheer magnitude of this microcomputer
revolution can be measured in many different
ways. For example, the Federal Government
itself has gone from only a few thousand micros
in 1980 to roughly 200,000 in 1986 to 500,000
in 1988 to a projected 1 million by 1990. The
percentage of school districts with computers
had already increased from about 18 percent
in 1981 to over 90 percent by 1985, according
to the National Center for Educational Statis-
tics. ’ In the business community, microcom-
puters drew even in total computing power
with mainframes and superminis as of 1985
and are projected to dominate by 1990, accord-
ing to Dataquest. z Indeed, various projec-
tions show microcomputers growing at an
average 10 to 15 percent through 1990, com-
pared to about 5 percent for mainframes and
superminis. The logic of this trend is under-
standable when one considers that the IBM
personal computer systems, selling for less
than $10,000 are equivalent in computing
power (measured in millions of instructions per
second) to the IBM 370-168 mainframe com-
puters that sold for several million dollars when
introduced in the mid-1970s.

Even the home market has had significant
microcomputer penetration, with about 19 mil-
lion households buying a microcomputer since
1981 (about 14 percent of all households).’
Link Resources projects an ultimate home
penetration of about 35 percent, although this
may be conservative if full function microcom-

‘Cited in tJ. Bloomdecker,  Computer  (%rne, Computer Secu-
rity, Computer Ethics (Los Angeles, Calif.  National Center for
Computer Crime Data. 1986).

‘Cited  in G. Lewis, Zoom! Here Come the New Micros, ”
Business W’eek, Nov. 1, 1986 pp. 82-92.

‘F;. Roth, ‘*Power Surge in Personal Computers, ” Editoriaf
Research Reports, vol. 1, No. 1, ,Jan. 9, 1987, p. 4.

puters drop to the $300-500 price range in the
next 3-5 years.4 This would place the
microcomputer in the same price range as a
good quality 19-inch color television.

The continuous improvement in price/per-
formance of microcomputers is driven in part
by advances in semiconductor chip technology,
which shows no signs of slowing down. The
32-bit chip family (such as the Intel 80386 or
the Motorola 68020) made possible the latest
personal computer systems that are more pow-
erful, more user friendly, and more compati-
ble with each other. Price/performance is ex-
pected to continue to improve as the 32-bit
chips are further assimilated in microcomputer
product offerings and as next generation mi-
crocomputers are developed and introduced.

The important impact on Federal informa-
tion collection and creation is that an already
large and increasing amount of information is
generated in electronic form, that is, by cap-
turing electronic keystrokes with a microcom-
puter or word processor. Today, much of this
electronic information is submitted to or pro-
vided by the government in paper form. But
the potential exists to substantially reduce the
amount of rekeyboarding, and presumably the
cost of such information, by maintaining the
information in electronic form as long as
possible.

The Continuing Role of Paper and
Microform

A note of caution with respect to the role
of paper is in order. Despite the dramatic in-
crease in computer technology and electronic
information, paper documents are expected to
have a continuing, major role for several
reasons. First and foremost, for documents of
significant length, research has found that
reading from a computer screen is much more
difficult than reading from paper, despite im-
provements in the design and resolution of

‘Ibid, p. 6.
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screens and terminals. Even extensive prac-
tice at electronic reading does not appear to
make a significant difference. Second, paper
continues to be a more convenient and porta-
ble medium for many purposes, and accommo-
dates a wide range of reading styles and loca-
tions. Third, for many documents, paper is still
a bargain, although this is changing with the
advent of optical disk storage technology. And
of course, electronic publishing can signifi-
cantly increase the efficiency of paper use,
even when the final product is still in paper
format. Fourth, the paper format (especially
for lengthy reports and books) permits the
reader to browse through material and use a
variety of conscious or subconscious search
patterns that may be difficult if not impossi-
ble to replicate even with today’s computer-
based search and retrieval software. Reading
paper formats can lead to greater compre-
hension.

Overall, most studies on the future of paper
and paper-based media (such as books) have
concluded that the paper format will play a ma-
jor role as a medium of information storage,
exchange, and dissemination for the foresee-
able future.5 The results of the GAO surveys
of Federal information users (summarized in
ch. 4) indicate that paper is expected to hold
steady or decline only marginally as a preferred
format in the next few years, although this de-
cline could become significant for specific types
of information (e.g., bibliographic, reference,
and statistical) that are highly suited to elec-
tronic access and manipulation. At the same
time, the preference for electronic formats (e.g.,
electronic mail and bulletin boards, floppy
disks, and compact optical disks) is expected
to increase dramatically.

The outlook for microform (microfilm and mi-
crofiche) is not as favorable as for paper or elec-
tronic formats, but there is likely to be con-

%ee,  for example, Priscilla Oakeskott and Clive Bradley
(eds.),  The Future of the Book: Part I -- The Impact of New Tech-
nologies ( Paris Unesco,  1982); U.S. Congress, Joint Commit-
tee on the Library, Books in Our Future, A Report From the
Librarian of Congress to the Congress, S. Print 98-231, U.S.
Government Printing Office, Washington, DC, 1984; John Y.
Cole, Books in Our Future: Perspectives and Proposals (Library
of Congress, Washington, D.C. 1987).

tinuing significant use of microforms for
records storage and archival purposes for the
foreseeable future, or at least until electronic
alternatives have been fully established and
stood the test of time. Microform is well suited
for archival purposes because it requires less
storage space (compared to paper), has a longer
shelf life (compared to paper and electronic,
although this may change), is a stable access
technology (compared to electronic), and is
lower in cost (compared to paper and some elec-
tronic).’ Microform offers a lifetime of 100+
years, whereas the lifetime of acidic paper is
perhaps several decades, and magnetic media
(tape and disks) a few years to a decade or two.
The main competitive threats to microform for
archival purposes are from acid-free paper
(which can last 100 + years, but would still re-
quire more storage space and be more costly
than microform) and optical disks. Optical
disks do not as yet have proven archival capa-
bility (although manufacturers are claiming
40+ years), require less storage space, and can
be less expensive than microform. Microform
is likely to continue as a major archival medium
at least until optical disks (or some related
electronic-storage technology) are well estab-
lished.

However, for many nonarchival purposes,
microform is not the preferred medium even
today. For reading lengthy written materials,
users find microform to be inconvenient, un-
comfortable, and inefficient compared to pa-
per. For information search and retrieval, users
frequently prefer electronic formats, including
online database systems as well as, increas-
ingly, offline media such as CD-ROMs. The re-
sults of the GAO surveys of Federal informa-
tion users (summarized inch. 4) indicate that
microfilm is little used today for Federal in-

%ee, for example, Kenneth E. Dowlin,  The Electronic Li-
brary: The Prorm”se and the Process, (New York, Neal-Schuman,
1984; F.W. Lancaster, Libraries and Libraries in An Age of Elec-
tronics (Arlington, VA: Information Resources Press, Arling-
ton, VA, 1982); Edward Gray, “The Rise and Fall of Techno-
logical Applications: Considerations on Microforms and Their
Possible Successor, ” International Journal of Micrographics
and Video Technology, vol. 15, No. 1, 1986, pp. 31-38; National
Research Council, Committee on Preservation of Historical
Records, Preservation of Historical Records ( Washington, DC,
National Academy Press, 1986).



formation dissemination, and that microfiche,
while used extensively, is expected to decline
significantly as the desired format for dissem-
ination of many types of Federal information.
It should be noted, however, that the micro-
graphics industry is itself using electronic tech-
nology to continuously upgrade microform ac-
cess technologies, such as computer-assisted
microfiche retrieval systems and computer-
output microfilm systems.7 AIso, the tecol-
ogy for microfiche to paper conversion con-
tinues to advance. For example, the Defense
Technical Information Center recently funded
the development and installation of duplex
(two-sided) microfiche copier machines.

In sum, however, the current and future use
of paper, microform, and electronic formats will

‘See,  for example, Coopers and Lybrand,  Information and
Image Management: The Industry and the Technolo@”es,  study
conducted for Association for Information and Image Manage-
ment, Sil\’er  Spring, MD, 1987.
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depend largely on the type of information and
the type of information user. The kinds of cri-
teria that will be relevant in selecting format
include:

amount of information to be stored, ac-
cessed, and/or distributed;
amount of storage space available;
frequency of information access or re-
trieval;
length of time information is to be stored;
desired speed of access or retrieval;
costs of storage, access, and retrieval;
number of users; and
technical expertise of users.

The rest of this chapter focuses on several key
electronic technologies relevant to Federal in-
formation dissemination. The price/perform-
ance characteristics of these technologies make
them highly competitive with paper and micro-
form for those types of information well suited
for electronic formats.

ELECTRONIC PUBLISHING

Desktop Publishing

One of the microcomputer applications most
relevant to this study is desktop publishing.
Desktop publishing combines elements of ad-
vanced word-processing and computerized
page layout and composition systems. Desk-
top publishing can be defined as a set of hard-
ware and software, including a multifunction
personal computer, which has the ability to
produce near-typeset quality output, and uti-
lizing multiple type fonts, sizes, and styles and
multiple page layouts. The characteristics of
desktop publishing are:

low cost (about $10,000 for an entire
system),
user-friendly software (frequently employ-
ing icons and a mouse and a ‘what you see
is what you get or WYSIWYG screen dis-
play) that requires minimal training,
near-typeset quality output (but still con-
siderably less than high-quality book and
magazine printing, for example), and

● relatively simple and straightforward doc-
uments (although the desktop publishing
software is much more sophisticated than
typical word-processing software).

A typical desktop publishing configuration
includes:

●

●

●

●

a microcomputer with mouse or digitiz-
ing tablet, keyboard, and screen (roughly
$2,000 to $4,000 inclusive);
page composition software (about $500 to
$1,000);
a low-end laser printer (about $1,500 to
$3,000); and
a low-end scanner for paper input (about
$2,000 to $4,000).

Desktop publishing is expected to become
a standard part of personal computing, and to
grow significantly over the next several years.
Growth in desktop publishing reflects the sub-
stantial potential savings for those types of
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documents that do not require higher levels
of quality and complexity. For simple reports,
newsletters, pamphlets, and the like, desktop
publishing can cut composition costs from the
$50 or more per page range (for commercial
composition and typesetting) to the $1 to $5
per page range. Compared to straight word-
processing text, desktop publishing can reduce
the page length by perhaps 40 percent on aver-
age, and this translates into substantial sav-
ings from reduced paper and mailing costs.
There are also major savings from a stream-
lined revision process, minimal rekeyboarding,
and the ability to store text and graphics for
future use and revision.

Two significant limitations of the low-end
desktop publishing are limited ability to deal
with complex documents (e.g., complicated lay-
outs using text and graphics) and limited print
quality (due to the typical 240 dots per inch
(dpi) or 300 dpi resolution of low~nd laser
printer output). The first limitation is being
mitigated rapidly by ever more powerful desk-
top publishing software releases. Also, users
can invest in more sophisticated software and,
if necessary, obtain software that supports
phototypesetters as well as laser printers. Fi-
nally, low-end laser printers are improving out-
put resolution, thus reducing the print qual-
ity differential between laser printers and
phototypesetters.

Desktop publishing has made dramatic in-
roads in the newspaper and newsletter indus-
tries. An estimated 80 percent of newspapers
with a circulation of over 100,000 use Mac-
intosh-based desktop publishing, including the
Wall Street Journal and USA Today, as do an
estimated 75 percent of newspapers with a cir-
culation over 50,000.H Knight Ridder and the
Gannett Corp. are using desktop publishing
systems to create and distribute graphic de-
signs nationwide. While major newspapers
generally use photocomposition equipment for
typesetting in order to get higher print qual-
ity, newsletter and some small newspaper pub-

“F. Seghers, “In News Graphics, Macintosh Makes the Front
Page, ” Business Week, Jan. 19, 1987, p. 87.

lishers frequently find that laser printer type-
setting quality is good enough.

The potential implications of desktop pub-
lishing for Federal information dissemination
seem just as significant. An increasing percent-
age of Federal information collected, created,
and disseminated would appear to be well
suited for desktop publishing.

High-End Electronic Publishing

The distinction between desktop publishing
and so-called “high-end” electronic publishing
is somewhat arbitrary, since microcomputer-
based desktop systems can be connected or
networked to high-end work stations, typeset-
ters, and printers. Electronic publishing is con-
sidered to be the electronic preparation of ma-
terial at all pre-press stages of the publishing
process, including text and graphics prepara-
tion, page layout, and composition, with the
actual printing in any of a variet y of formats—
paper, microform, magnetic tape or diskette,
optical disk, or direct electronic. In general,
high-end electronic publishing is distinguished
by:

 high volume (in number of pages and
copies),

● high quality (of the final product),
● high complexity (of the page layout and

composition), and
● high cost (compared to desktop systems).

High-end systems typically cost $30,000 to
$150,000 depending on the configuration, com-
pared to $5,000 to $10,000 for desktop sys-
tems. For the software alone, high-end publish-
ing systems typically cost $15,000 to $30,000
compared to $500 to $1,000 for desktop
software.

The demand for high-end electronic publish-
ing (and to a lesser extent desktop publishing)
is driven by a powerful combination of advan-
tages that translate into significant cost sav-
ings and productivity improvements. For ex-
ample, electronically published materials are
generally found to be:

● more attractive,
● easier to read,



 more timely (publishing time can be any-
where from 25 to 90 percent faster), and

● much less expensive.

Cost savings can be realized in several ways.
For example, electronic publishing generally
reduces the total number of document pages
by 40 to 50 percent, but occasionally up to 80
percent, since typeset pages contain more text
than typewritten pages. This can dramatically
reduce paper costs for hard copy print runs.
For documents with limited demand and low
volume, electronic publishing makes printing-
on-demand a realistic option. Electronic pub-
lishing also facilitates the revision process by
minimizing rekey boarding and graphics re-
design.

Various market surveys project a strong de-
mand for electronic publishing over the next
5 years, based on a perceived need for electronic
publishing by major corporations and govern-
ment agencies.

Electronic publishing systems have made
rapid technical advances in just a few years.
This trend is expected to continue due, in part,
to heavy competition among graphics work-
stations, publishing software, traditional
photocomposition services, and computer
equipment companies, as well as systems in-
tegrators that combine hardware and software
from numerous vendors. At the heart of elec-
tronic publishing systems is the 32-bit work-
station that permits complex manipulation of
text, graphics, and, increasingly, halftones.
These are the same types of workstations used
for computer-assisted design (CAD) and so-
phisticated graphics applications. This work-
station is now an established technology, with
a substantial track record. According to Data-
quest, 32-bit workstation sales ($15,000 to
$50,000 per workstation price range) grew from
about 100,000 units in 1983 to 1 million units
in 1985, an estimated 2 million in 1987, and
a projected 4 million in 1989.9

The technical power, sophistication, and flex-
ibility of electronic publishing systems are il-
lustrated by a typical system which uses 32-

“Cited in G, Lewis, “ Nrew Nlicros, ’ op. cit.
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bit workstations (such as Sun, DEC, or Apollo),
a 19-inch monochrome display with a high reso-
lution screen, and a local area network. The
typical system can accept input from CAD
workstations, scanners, graphics (raster and
vector, line art and halftones), spreadsheets,
and text (in standard formats compatible with
almost any mainframe, mini, microcomputer,
or word processor). The system provides out-
put to various laser printers (such as Xerox,
Kodak, Imagen, Apple, and Sun) and pho-
totypesetters (such as Linotronic and Compu-
graphic). Advanced software capabilities typi-
cally include:

●

●

●

●

●

●

integration of text and graphics in non-
structured pages;
free-form drawing with a mouse;
tracing tablet to copy drawings:
editing of digitized line art;
pixel-by-pixel editing of halftone photo-
graphs; and
simultaneous editing of different portions
of the same document.

Overall trends in electronic publishing in-
clude the following:

movement from a fragmented market to
an integrated market;
aggressive competition from electronic
publishing systems offered by traditional
phototypesetters and by electronic pub-
lishing service bureaus;
standardization of information exchange
among different types of hardware and
soft ware;
declining price/performance ratios; nar-
rowing of the technical differences be-
tween desktop and high-end publishing
systems;
increasing integration of direct-to-plate
printing technologies; and
increasing speed and quality of perform-
ance (including higher resolution, color,
and multiple languages).

In the corporate community, investment in
electronic publishing is generally claimed to
have a rate of return of 50 to 60 percent and
a payback period of 2 years or less. Also, com-
panies typically claim to have cut overall pub-
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lications turnaround time by 50 to 75 percent.
While similar data are not yet available from
government users, Interleaf Corp. indicates
that the following Federal agencies are using
Interleaf electronic publishing systems: De-
fense Advanced Research Projects Agency (for
technical reports); Office of Naval Research (for
research studies); intelligence agencies (vari-
ous applications); U.S. Coast Guard (for tech-
nical manuals); U.S. Army (for technical
manuals); Department of State (for regula-
tions); Department of Agriculture (for statis-
tical documents); Bureau of the Census (for sta-
tistical reports); and Federal Reserve Board
(for financial analyses). Xyvision reports sales
of electronic publishing systems to, among
others: the National Center for Health Statis-
tics, National Center for Disease Control, U.S.
Geological Survey, Bureau of the Census, and
Central Intelligence Agency.

Electronic Forms Management

Another growing application of systems re-
lated to electronic publishing is electronic
forms management. Several companies special-
ize in this applications area. The typical stand-
alone workstation, including a processor and
hard disk along with software and a high reso-
lution display, costs in the range of $25,000
to $60,000, depending on memory size. The
typical system has many of the capabilities of
electronic publishing systems discussed ear-
lier, and can be used for designing newsletters,
manuals, and technical documents as well as
forms.

However, it is not necessary to have full-
capability electronic publishing systems for
many forms-management applications. For ex-
ample, among Federal agencies, the Air Force,
Army, Navy, Internal Revenue Service, Social
Security Administration, Federal Reserve
Board, Federal Deposit Insurance Corporation,
and National Aeronautics and Space Admin-
istration are all using personal computers and
laser printers to manage forms. Microcom-
puters are used to enter the data, and laser
printers are used to merge the data with stand-
ard forms for printing. The agencies indicate

direct savings on the order of 40 percent over
preprinted forms.

For larger print runs, even greater savings
may be possible where offset printing can be
used to reduce the per-page printing cost of
about two cents assumed for laser printers.
Further savings seem likely since the forms
can be stored and edited electronically, mini-
mizing rekey boarding and redesign. As
another example, the combination of micro-
computers (or mainframe terminals) and laser
printers can be used to permit direct electronic
input of data collected by agencies into stand-
ard reporting forms stored on the laser printer.
The completed forms can be transmitted elec-
tronically to a regional office or to Washing-
ton, DC, eliminating both cost and potential
errors associated with rekey boarding and the
time delays associated with mail delivery. Pa-
per copies can be printed out for archival
purposes.

Computer Graphics

Advances in computer graphics are central
to the recent breakthroughs in desktop and
high-end electronic publishing. Indeed, com-
puter graphics capabilities are key aspects of
most electronic publishing systems. And pub-
lishing applications have themselves become
one of the driving forces for further advances
in and broader use of computer graphics. Other
driving forces include:

graphics needs of the scientific com-
munity;
military applications of computer graphics,
most recently stimulated by the Strate-
gic Defense Initiative’s requirements for
very sophisticated, three-dimensional, dy-
namic computer graphics and modeling;
continued movement toward graphics
standards; and
continued breakthroughs in price/perform-
ance ratios.

Major technical trends in computer graphics
include:

● the continuing transition from film-based
techniques to digital processing;



—

55

development of relatively low-cost (under
$15,000) desktop color scanners and
printers;
further improvements in high resolution
graphics (up to 2,000 x 2,000 pixels);
further development of full color, interac-
tive, three-dimensional graphics worksta-
tions at relatively modest prices (e.g.,
$30,000);
continued migration of high-end worksta-
tion capabilities to low-end workstations;
and progress in developing standards for
exchanging graphics data between work-
stations, such as the Digital Data Ex-
change Standard.

Further technical progress in computer
graphics seems assured as various companies
continually develop new products for top secret
military applications. Advanced digitized map-
ping techniques are used by the Defense Map-
ping Agency and by various Federal civilian
agencies such as the Fish and Wildlife Serv-
ice, National Oceanic and Atmospheric Admin-
istration, and Bureau of the Census. Computer-
ized graphics products can interpret infrared
aerial imagery and produce maps. In general,
computerized mapping offers advantages sim-
ilar

●

●

●

●

to computerized printing in that:

The original map preparation is
faster.
Maps can be stored electronically
cilitate relatively easy updating.

much

to fa-

The original map and an-y revisions can
be displayed on a video screen.
Hard-copy output can be obtained rela-
tively quickly with a plotter or laser
printer.

Scanners and Printers

Almost all desktop and high-end electronic
publishing systems are configured to include
one or more printers, and may include one or
more scanners. The price/performance of scan-
ners and printers has dropped dramatically in
the last few years. Scanners are used primar-
ily to digitize text and images that are initially
in paper formats. Scanners are not as efficient
as direct electronic input, but are much more

cost-effective than rekey boarding or redraw-
ing those materials not in electronic format.

The cost of scanners has dropped to the point
where low-end scanners are available in the
$2,000-4,000 price range with a speed of up to
several pages per minute and a scanning reso-
lution of 200-300 dots per inch. While satis-
factory for many desktop applications, higher
speed and resolution are generally needed for
high-end publishing purposes. High-end scan-
ners are available in the $15,000 to $40,000
price range with speeds of 1 or 2 pages per sec-
ond and resolution levels up to 400-dp~. Thus,
the high-end scanners achieve speeds and reso-
lutions similar to the high-end laser printers
discussed later.

A major advantage of high-end scanners is
the capability to approximate graphics-quality
halftone pictures. This is accomplished by
scanning the image at up to about 120 scan
lines per inch and recording multiple bits for
each pixel, rather than the one bit commonly
used for scanning text and line art. Instead
of recording black or white with one bit per
pixel, multiple bits permit the recording of the
degree of blackness for each pixel, known as
gray-scale scarming. Also, many high-end scan-
ners can scan a wide range of type styles and
sizes, and some scanners can be programmed
to learn new (to the scanner) type styles. These
capabilities are expected to migrate to the
desktop scanners.

The technical status of printers is more com-
plicated because printers are now used for func-
tions other than printing, such as typesetting,
graphics input, and forms management.

For printing of straight textual material,
electromechanical line printers (known as im-
pact printers) are efficient for low-copy runs
(i.e., one or a few copies per original). Medium
performance impact printers can print at about
1,000 lines per minute (20 pages per minute
at 50 lines per page) and cost $10,000 to
$15,000. High-end impact printers can reach
output speeds of about 3,600 lines (72 pages)
per minute. Low-end desktop line printers print
at a few pages per minute.
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The role of impact printers is expected to con-
tinue to decline, because of the need for print-
ing graphics and complex page layouts, the use
of variable type styles and fonts, and the in-
tegration of forms and data at the point of
printing.

Non-impact printers (using laser, light emit-
ting diode array, ion deposition, and other tech-
nical processes) provide better quality, greater
flexibility and diversity, and faster speed (at
the high end). While on a per-page cost basis,
non-impact printers may be more expensive
than impact printers, this is not an appropri-
ate comparison in most cases. When serving
as a typesetter or graphics printer or proof
printer, the non-impact printer can be an or-
der of magnitude cheaper than conventional
methods. For example, for low-volume appli-
cations where 300 dpi output resolution is
satisfactory, a desktop laser printer at $1,500
to $3,000 may be perfectly adequate for pro-
ducing camera-ready copy, compared to a pho-
totypesetter at $35,000 to $70,000.

The high-end, non-impact printers are still
quite expensive, typically in the $100,000 to
$200,000 range although these prices are ex-
pected to come down. A typical high-end, non-
impact laser printer prints at 90 to 120 pages
per minute. By comparison, a desktop laser
printer prints a few pages (e.g., 3 to 6) per min-
ute and costs as low as $1,500. At the next
level up, a typical mid-range laser printer might
print at 12 to 20 pages per minute and cost
$10,000 to $15,000. Again, price/performance
ratios continue to fall.

Non-impact printers are not well suited for
jobs requiring high output quality and/or print
volume. With respect to quality, most non-
impact printers can achieve an output resolu-
tion of 300 dpi (assuming that the input reso-
lution is at least at that level). This output qual-
ity is adequate for a wide range of purposes,
but not for high-quality publications. By com-
parison, photocomposition equipment can pro-
duce typeset output at resolutions of 1,200 or
more dpi. Technical advances are reducing this
quality differential. Indeed, 400 to 1,000 dpi

laser printers are now on the market. High
resolution non-impact printers are adequate to
meet many electronic publishing needs, either
for demand printing or as camera-ready copy
to be used in subsequent plate-making and
photo-offset printing. Continued technical ad-
vances and market forces are likely to push
the typical output resolution of laser and other
non-impact printers into the 600 to 800 dpi
range over the next few years, thus further
closing the quality differential.

With respect to print-volume requirements,
it is still far cheaper to use conventional photo-
offset printers for high-volume print runs than
laser and other non-impact printers. One can
debate the various break-even points as a func-
tion of the length, format, number of copies,
and desired turnaround time for specific doc-
uments. In offset printing, plate-making (prep-
aration of masters or negatives of the original
images by which ink is transferred onto paper
to make copies of the original) costs anywhere
from a few dollars to $50 and up per page. This
cost indicates that non-impact printing is fre-
quently less expensive for short print runs of
under a few hundred copies per original. For
larger print runs, the printing cost is likely to
be cheaper with photo offset rather than laser
printing.

It appears that the cost of non-impact print-
ing (including xerographic) is rarely below 2
cents per page. Thus, assuming $2 per page
for plate-making (this is for desktop relatively
low volume applications), and assuming all
other costs are equal (purchase or lease, main-
tenance, supplies, and labor), the break-even
point would be about 100 copies. In this
hypothetical and oversimplified case, print
runs under 100 copies per original would use
a non-impact printer and print runs over 100
per original would use a photo offset printer.
Other elements besides cost may enter into the
printing decision, such as quality, speed, turn-
around time, and control. In the future, the
break-even point between non-impact and
photo-offset printing will depend in part on
their relative technical advances and cost re-
ductions.
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ONLINE INFORMATION DISSEMINATION

Online Information Retrieval

Previous discussions have focused on a num-
ber of electronic information technologies–
microcomputers, page composition and pub-
lishing software, computer graphics, scanners,
printers—with the information maintained in
electronic form through many or all stages of
the publishing process. The primary final out-
put has been in paper format. Advances in tech-
nology make it possible to disseminate the out-
put information in a variety of electronic
formats as well as paper. For some purposes
and some kinds of information, electronic for-
mats may be preferable to paper. This is espe-
cially so for bibliographic, reference, statisti-
cal, and bulletin board information where the
user may not want to see the whole document,
but is only interested in locating specific pieces
of information. The private sector information
industry has given high priority to computeriz-
ing access to these types of information,
whether the original source of the information
is the government, academic, research, or com-
mercial sectors.

This section discusses the technology and
application of online information retrieval sys-
tems in the context of the private sector, since
this is where much of the online activity is oc-
curing. From a technical viewpoint, these pri-
vate sector applications are directly relevant
to the Federal Government.

The technology of online information re-
trieval is well established. Customer access is
typically via a microcomputer or terminal con-
nected to a modem. Residential customers nor-
mally tie into the local telephone company
network (e.g., Bell Operating Companies, in-
dependent telephone companies) and, if access-
ing a database from long distance, then con-
nect to an interexchange carrier network (e.g.,
AT&T, MCI, U.S. Sprint) or a value-added net-
work (e.g., Tymnet, Telenet). Business custom-
ers can sometimes bypass the local telephone
company and connect directly to an interex-
change or value-added network. At the other

end, access to the desired database is fre-
quently via an online database services com-
pany (e.g., Lockheed DIALOG, Pergamon In-
foline) or a database gateway company (such
as is available from Western Union Easy Net).
Gateway companies serve as intermediaries be-
tween the customer and the database source
and do not maintain the database itself. On-
line database service companies actually main-
tain copies of the databases online, so that
referral to the database source is not neces-
sary. Some database source companies do pro-
vide for direct customer electronic access to
the database, without going through a gate-
way or online services company. Companies
that maintain online databases need:

 a host computer and memory necessary
for handling the volume of data and fre-
quency of use, and

 the necessary front-end processor and
communications equipment for handling
remote inquiries and transmitting re-
sponses.

The growth of the online information indus-
try has been phenomenal. From less than $500
million in annual revenues in 1978, the indus-
try has grown to about $2 billion total reve-
nues in 1986, $3 billion in 1987, and is projected
to reach about over $4 billion by 1990.

A typical commercial online database serv-
ice charges about $40 to $80 per hour, of which
about 40 to 45 percent is for acquiring and pre-
paring the actual data, and another 40 to 45
percent is for sales, marketing, and adminis-
tration. About 6 to 9 percent is for communic-
ations (including the cost of customer prem-
ises equipment, e.g., computer terminal and
modem, local exchange access, and interex-
change link if applicable), and about 6 percent
is for data processing (including the cost of
hardware and software for database storage
and data communicaticm).l’)

“)Studies by Cuadra Associates and Elsevier  Science pub-
lishing cited in P. W’. Huber, The (leodesic  ,Vetwork: 1987 Re-
port on Competition in the Telephone Industry, prepared for
U.S. Department of Justice, Washington, DC, January  1987,
p, 7.13.
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One implication of the above cost structure
is that substantial savings can result to the
extent that the data are already in the appro-
priate electronic format. If as a result of elec-
tronic publishing government statistical or
reference reports were produced in electronic
form as a matter of course (even if the ultimate
product is in paper format), then the electron-
ically formatted information could, at least
theoretically, also be made available as an on-
line database. This could significantly reduce
the cost of data acquisition and preparation.
This is a major cost element, regardless of
whether the government and/or commercial
firms disseminate the data. Sales, marketing,
and administrative costs may not be as amena-
ble to reduction for commercial firms, unless
they are working under contract to the gov-
ernment in such a way that the market was,
in effect, guaranteed. For the government, dis-
tribution to information intermediaries (e.g.,
libraries in the depository program) might help
reduce marketing and other costs. Technology
is only a small part (perhaps less than 15 per-
cent) of the cost of online databases.

Telecommunications

Online information retrieval services and
several other kinds of electronic information
dissemination (e.g., electronic mail and facsi-
mile) are dependent on telecommunication
technology and systems. A number of devel-
opments are converging to facilitate and most
likely reduce the relative cost of data commu-
nication. One key trend is the transition from
analog to digital telecommunication networks
that are designed to transfer information much
more efficiently than the conventional analog
telephone networks. A second trend is the rapid
movement towards national and international
standards for data networks of all kinds. A
third trend is the maturation of Ku-band sat-
ellite, fiber optic, and FM subcarrier technol-
ogies for data transmission.

The implementation of FTS 2000, the up-
graded Federal Telecommunication System, is
intended to make state-of-the-art data commu-
nication capability available to all major Fed-

eral agencies. As currently planned, FTS 2000
will

●

●

●

●

●

include:

switched voice (up to 4.8 kilobits/second
transmission capacity);
switched digital integrated service;
packet-switched services;
video transmission (including graphics,
facsimile, limited and full motion video);
and
dedicated voice or data transmission
circuits.

The switched digital integrated service and
packet-switched service should be especially
useful for online database retrieval or electronic
document transmission. The switched digital
integrated service is designed to be the equiva-
lent of the Integrated Services Digital Network
(ISDN) for digitally integrating voice, data, im-
ages, and video over the same transmission
medium. As planned, the FI’S 2000 version will
be consistent with ISDN international stand-
ards and will have a 1.544 megabit/second
transmission capacity subdivided into 24 in-
dividual channels of 64 kilobits/second each.
For illustrative purposes, one 64 kilobit/sec-
ond channel can transmit about four pages of
text per second (at 250 words per page x 8 char-
acters per word x 8 bits per character). The
planned IWS 2000 packet-switched service will
be consistent with international standards for
open systems interconnection and interoper-
ability with public data networks and public
electronic mail services. The FTS 2000 packet-
switched service is planned as a 24 hours a day,
7 days a week operation with 99.5 percent up-
time and 98 percent availability.

The basic concept of packet-switchingis that
data can be transmitted most efficiently when
assembled into packets (or bunches) of bits of
information. The U.S. packet-switching vol-
ume for 1985 has been estimated by Interna-
tional Resource Development at about 47 mil-
lion kilopackets, of which 7 million kilopackets
were for database access, 3 million for elec-
tronic mail, and 0.3 million for electronic data
interchange. 11 Typical commercial rates for

1lCited  in P.W. Huber, Telephone Industry, op. cit., table
PA.1.
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packet-switching have been estimated at about
$0.50 per page of text for local packet-
switching and roughly 3 times that for national
packet switching. ” While these rates com-
pare favorably with electronic mail and may
be acceptable for very short documents, the
cost of packet-switching long documents would
be quite high. Whether FTS 2000 will signifi-
cantly reduce packet-switching costs in un-
known at this time.

Data transmission networks of all kinds are
expected to incorporate both satellite and fi-
ber optic technology wherever appropriate. For
example, a high speed (56 kilobit/second)
packet-switched data transmission network
can incorporate both a fiber optic terrestrial
component and a Ku-band (12-14 gigahertz)
satellite component. The Ku band permits use
of lower-cost, very small aperture (VSAT) earth
stations with receiving disks that are 1.2 or
1.8 meters in diameter. Such a system could
be used for such functions as transmitting data
collected from remote locations.

Over the next few years, a balanced network
of satellite and fiber optic transmission links
is likely to evolve. Fiber optic links are likely
to be used primarily for heavy volume, point-
to-point transmissions, while satellite links are
expected to dominate for point-to-multipoint
transmissions. Experimental tests of fiber op-
tics have attained transmission rates of 4 bil-
lion bits/second over relatively short distances.
By comparison, this is more than a 1,000 times
the 1.544 megabits/second transmission capac-
ity specified in the ISDN standard, and is
equivalent to transmitting an entire 30-volume
encyclopedia in 1 second.

The integration of fiber optics with satellite,
microwave, and copper wire circuits will be
facilitated by the continuing development of
teleports, with respect to traffic between ma-
jor U.S. metropolitan areas and overseas traf-
fic. Teleports are essentially buildings and fa-
cilities that serve as a platform or bridge for
interconnecting different modes of telecommu-
nication all at one location.

“I bid., table PA.2 and accompanying text.

The trend towards so-called intelligent build-
ings will facilitate integration across different
telecommunication technologies and services.
Intelligent buildings are prewired during con-
struction with local area networks (LANs) ca-
pable of handling digital data communication.
LANs can carry information much faster and
more efficiently than the conventional tele-
phone and PBX (private branch exchange) ana-
log circuit and switching systems. The cost of
LAN installation is much reduced if completed
during building construction rather than ret-
rofitted. The trend toward intelligent buildings
is expected to accelerate in response to the
rapid increase in networking of microcomput-
ers, mainframe terminals, peripheral equip-
ment (including scanners, printers, and
graphics workstations), and the like in the of-
fice environment.

A final telecommunication technology to be
discussed in this section is FM (frequency
modulated) radio subcarrier transmission. The
FM subcarrier is an excess portion of the band-
width assigned to FM radio stations, and was
deregulated by the Federal Communications
Commission in 1983. The FM subcarrier ap-
pears to be cost-effective for point-tOmulti-
point transmission of time-sensitive digital
data traffic, such as news and public affairs
information. For example, MultiComm Tele-
communications Corp. (Arlington, VA) is using
Western Union’s Westar IV satellite to trans-
mit information to 90 participating FM radio
stations, where the information is in turn
retransmitted on the FM subcarrier to receiv-
ing sites equipped with a special, low-cost FM
receiver. The information can be stored on a
microcomputer or printed out. MultiComm sells
the receiver/printer for $500 or leases the equip-
ment for a nominal fee of $25/month. The costs
of the service per receive site range from 20
cents per page of information transmitted for
immediate delivery (e.g., within 19 seconds),
10 cents per page for delivery within 2 hours,
and 5 cents per page for overnight delivery.
This is far cheaper than courier service, espe-
cially for shorter documents. The 90 partici-
pating FM stations broadcast to an estimated
85 percent of the U.S. population. Ku-band
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small satellite earth stations could be used to
reach rural and remote areas. MultiComm
offers a Federal News Service that transmits
transcripts of White House briefings, congres-
sional testimony, and the like to hundreds of
newspapers and trade associations, and an In-
fowire service for low-volume users who need
time-sensitive information on, for example,
White House and agency press releases, ad-
vance schedules of upcoming hearings, and the
like. Other private firms are using the FM sub-
carrier to distribute such information as stock
market quotes.

Electronic Mail

Another technical option for online informa-
tion retrieval and two-way information trans-
fer is electronic mail. As discussed previously,
electronic mail capability is planned as part
of the FTS 2000 system. Electronic mail has
grown more slowly than initial expectations,
but appears to breaching a critical threshold
of viability.

The outlook for electronic mail is being en-
hanced by several key trends:

Electronic mail is increasingly included as
a basic capability of office automation sys-
tems, such as those offered by Data Gen-
eral, DEC, IBM, Wang, and NBI;
Vendors are providing much improved ca-
pacity for interconnections or gateways
between electronic mail systems (e.g.,
Wang and IBM, DEC and MCI Mail, IBM
and Western Union Easy Link, MCI Mail
and CompuServe Easy Plex);
Enhanced electronic mail capabilities are
being developed that can handle graphics
and spreadsheets besides American
Standard Code for Information Inter-
change (ASCII) text; and
There is growing acceptance of the CCITT
(Consultative Committee on International
Telephone and Telegraph) X.400 standard
for electronic mail and messagehandling

service. X.400 is based on the 0S1 (Open
Systems Interconnection) model and will
permit interconnection among various
electronic mail services.

Many electronic mail systems require a modem
(modulator/demodulator) at each end of the cir-
cuit, to convert the digital signals from the
sending computer into analog signals for trans-
mission over the telephone lines (at least in the
local exchange) and back again from analog
to digital at the receiving computer. However,
modems are likely to be less of a constraint
in the future for at least two reasons. First,
the cost of modems continues to drop–a 300
bits per second modem now costs $100 to $200,
a 1,200 bps modem (the de facto standard for
remote computer networking including elec-
tronic mail and bulletin boards) $200, and the
higher speed 2,400 bps modem about $300 to
$400. Second, in the future, all-digital data
communication and telephone networks will
eliminate the need for modems almost entirely.
Modems will be necessary only to the extent
analog phone systems are still used.

The cost of electronic mail varies according
to the length and the volume of the messages
and the type of electronic mail system used.
For an inhouse personal computer or office
automation-based electronic mail system, the
cost range has been estimated at roughly $1
to $2 per 3-page message (7,500 characters) at
a monthly volume of 1,000 messages, and is
estimated to drop to about $0.10 to $0.20 per
3-page message at a monthly volume of 10,000
messages. By comparison, electronic mail serv-
ice bureaus typically charge in the range $1
to 3 per 3-page message regardless of volume.

Other alternatives for transmission and re-
ceipt of electronic mail include: electronic bulle
tin boards, digital facsimile services, and
videotext services. For discussion of these and
other related telecommunication technologies,
see Communication Systems for An Electronic
Age (OTA, forthcoming, 1989).
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OPTICAL DISKS

For information that neither changes fre-
quently nor requires immediate, online remote
access, optical disk technology is a viable tech-
nical option for purposes of information stor-
age and dissemination and as an important
component of electronic publishing systems.
(Other optical technologies not discussed here,
such as optical or laser cards on strips, could
provide storage and dissemination of smaller
amounts of information. ) While some stand-
ards issues still need to resolved, the signifi-
cant technical advantages of optical disks are
becoming more and more evident as a result
of numerous development applications, proto-
type tests, and, commercial offerings.

Optical disk technology uses a laser beam
to record data on plastic disks by engraving
pits in the surface. The disks can then be sub-
sequently read by a low-power laser beam to
retrieve the data. There are several different
types of optical disk, and some are further
along in terms of technology and standards
than others. Standards are essential for opti-
cal technology to ensure compatibility among
different types of disks and disk readers, and
to minimize the possible need for future
rerecording of data due to incompatible
equipment.

The major advantage of optical disk tech-
nology is the ability to store and disseminate
large amounts of information at very low cost.
For example, a 4.72 inch (12 centimeter) CD-
ROM (Compact Disk-Read Only Memory) can
store up to roughly 540 megabytes (millions
of bytes) of data. Assuming that one typewrit-
ten text page averages 250 words or about
2,000 bytes per page, one CD-ROM can store
up to 270,000 pages of typewritten text. Grol-
lier has recorded its entire 20-volume Academic
American Encyclopedia on about one-fifth of
one disk. One floppy diskette (single-sided, sin-
gle density) can store about 360 kilobytes of
data, which is equivalent to about 180 pages
of double-spaced typewritten text. Thus, 1 CD-
ROM can store the equivalent of about 1,500
floppy diskettes, about 54 of the 10-megabyte

hard disks, or about 10 of the 1,600 bits-per-
inch magnetic computer tapes. A 12-inch (30
cm) WORM (Write Once Read Many times) op-
tical disk can store up to 1 gigabyte (billion
bytes), which is roughly double the capacity
of a CD-ROM. All of these storage capacities
are per single side, and would be doubled for
two-sided disks.

The total and per bit or byte manufacturing
costs of both 4.72-inch CD-ROMs and 12-inch
WORM optical disks are already quite low. CD-
ROMS can be mastered for $4,000 to $5,000
and can be reproduced in quantities ranging
from $30 per disk for 100 copies to $6 per disk
at volumes of several thousand. Some esti-
mates suggest per disk costs as low as $3 for
volume runs. The 12-inch WORM disks are
more expensive to produce, at about $150 a
copy, but are still far cheaper per byte than
floppy diskettes or hard disks. These costs do
not include the cost of data acquisition and
preparation, which apply to any storage
medium, and the cost of equipment needed to
read the disks. All that is necessary to read
CD-ROMs is a CD-ROM reader, available from
several vendors in the $500 to $1,000 price
range, and a personal computer and screen.
Thus, for users already owning a microcom-
puter system, the incremental cost of CD-ROM
equipment is in the same range as the medium
to high-end consumer-oriented compact digi-
tal audio disk players. WORM readers are con-
siderably more expensive—several to tens of
thousands of dollars range-although this can
be modest for the institutional (corporate and
government) users who are the likely clients
for 12-inch WORM disks.

Optical disks also offer other advantages:
rapid access to stored data (i.e., in one
second),
the ability to use a microcomputer for data
access and retrieval,
high levels of data integrity,
very minimal disk or equipment wear,
convenience and portability, and
relatively long media life.
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The latter point is somewhat controversial as
initial manufacturer estimates of 10 to 20 years
have now been extended to 40 to 50 years.
Some suggest that 100 years is possible un-
der ideal conditions. Disks could be recopied
at periodic intervals if necessary.

The high level of commercial and govern-
mental activity is indicative of the potential
for CD-ROM and WORM disks. Vendors (such
as Lockheed DIALOG, Cambridge Scientific
Abstracts, Aide Publishing, and VLS, Inc.) are
offering many new optical disk-based products
and services. Many of these include databases
that originate in whole or in part from the Fed-
eral Government.

Federal agencies are actively pursuing a wide
range of development and prototype projects.
For example:

●

●

●

●

The Nuclear Regulatory Commission (in
cooperation with the Smithsonian Insti-
tution) is developing a WORM optical disk
system to keep track of submissions re-
garding nuclear waste disposal under the
Nuclear Waste Policy Act of 1982. The
system uses personal computers, scan-
ners, and 12-inch WORM optical disk
drives.
The Library of Congress is prototyping
optical disk technologies for general re-
search, archival, and information retrieval
purposes, including the use of a 100-disk
optical jukebox for 12-inch WORM disks.
The jukebox has a potential storage ca-
pacity of 200 gigabytes.
The National Library of Medicine is pro-
totyping various optical disk technologies
for medical applications, research, archival,
and instructional purposes.
The Bureau of the Census is prototyping
the use of CD-ROMs for storing and dis-
tributing maps that will result from the
1990 census. The Census Bureau is also
examining the potential of CD-ROM for
a broad range of geographic and topo-
graphic maps as part of the Topographic
Integrated Geographic Retrieval (TIGER)
project being conducted jointly with the
U.S. Geological Survey.

USGS is prototyping the use of CD-ROMs
for the possible goal of providing all (or
a large part) of USGS earth science infor-
mation in CD-ROM format such as seis-
mic data from the National Earthquake
Information Center. USGS officials be-
lieve that CD-ROM offers the potential to
make earth science data much more acces-
sible at lower cost.
The U.S. Navy’s Printing and Publica-
tions Service is implementing a print-on-
demand system for 1.2 million pages of
military specifications and standards, in-
cluding text and graphics images. The
Navy is using a 12-inch WORM optical
disk unit to record the disks, which are
then placed on two 32-disk juke boxes.
More frequently requested documents are
concentrated on a few disks, and output
is printed with Xerox 9700 laser printers.
The system is intended to:
—reduce warehouse space and printing

costs,
—improve response time,
—eliminate dissemination of out-of-date

documents, and
—serve as a prototype for many other

applications-for example, technical man-
uals, training materials, and handbooks.

The Navy intends to develop interactive
applications for document updating, alter-
native storage media (such as CD-ROM
and 5.25-inch WORM optical disks), and
document search capability.
Other Federal agencies actively pursuing
optical disk technology include the: In-
ternal Revenue Service, Patent and Trade
mark Office, National Archives and Rec-
ords Administration, National Aeronautics
and Space Administration, Central Intel-
ligence Agency, and numerous compo-
nents of the Department of Defense in-
cluding the National Security Agency.

Another popular optical disk technology is
the analog videodisk. This is heavily used for
educational and training purposes, and can
store up to 54,000 images per disk. Videodisks
are roughly similar to CD-ROMs in cost—about
$2,000 to master, $18 per disk for the first 100
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copies, and under $10 per disk for runs of sev-
eral thousand. Videodisk readers cost in the
range of a few hundred to a few thousand
dollars.

Beyond the CD-ROM, WORM, and video-
disk, there are several other optical disk tech-
nologies under active development and appli-
cation. The most noteworthy are: the CD-I
(Compact Disk-Interactive) that combines
text/data, video, audio, and software storage,
editing, and retrieval on one disk; and the eras-
able 12-inch or 5.25-inch optical disk. CD-I is
of particular interest because it will make pos-
sible such compact disk applications as: talk-
ing CD books, “smart” CD books (using ex-
pert systems), CD book (or library) of the
month, and interactive audio, video, and data-
base software. CD- I will be a disk with power-
ful capabilities including:

graphics (e.g., digital video still frames,
limited motion video, encoded colors, full
screen animation);
audio (e.g., digital audio, hi-fi, mid-fi,
speech quality); and
text (e.g., bit-map text storage for display

EXPERT
Expert systems, sometimes known as knowl-

edge-based or rulebased systems, are typically
computer soft ware packages that permit users
to have the benefit of expert knowledge in
specified subject areas. The ‘expert inexpert
system means that both the knowledge and
rules (decision paths and criteria) built into the
software come from relevant subject matter
experts. Expert systems have advanced to the
point where widespread application to many
aspects of information dissemination is
likely-ranging from technical writing to in-
formation access and retrieval to the manage-
ment of electronic publishing.

The expert systems applicable to informa-
tion dissemination are no different in princi-
ple from the systems that have been success-
fully applied to various scientific, industrial,

only, character-encoded text for edit-
ing/processing).

Optical disk technologies and applications
continue to advance at a rapid pace. Double
sided 12-inch WORM disks are now available
with up to 4 gigabytes storage capacity per
disk. The initial commercial 5.25-inch erasa-
ble disks already have been introduced, and
CD-I disks now are in the prototype stage, with
commercial introduction expected in 1989 or
1990. Some vendors have expanded the capac-
ity of CD-ROM disks up to 750 megabytes,
and others offer CD-ROM juke boxes that can
access up to 240 disks. Personal computer com-
pact disk readers are entering the market, as
are specialized PC-CD/ROM applications (e.g.,
using hypertext or hypergraphics software).
A fledgling CD-ROM service bureau industry
is developing, not far behind and perhaps even-
tually to be integrated with the electronic pub-
lishing service bureau industry.

A major critical path item for optical disk
technology is the development of standards.
The current status and outlook are briefly dis-
cussed in a later section, along with consider-
ation of other standards issues.

SYSTEMS

and educational areas. For example, expert sys-
tems have been used to:

●

●

●

help make agricultural management de-
cisions regarding pest control as a func-
tion of the type of crop, landscape, weather
conditions, season, other vegetation, in-
festation history, and the like;
help students explore and master a sub-
ject or skill and even monitor the learn-
ing progress of the students (known as
“electronic or intelligent tutors”); and
help technicians interpret technical data
from computer-assisted manufacturing
systems.

Expert systems can be tied into both online
bibliographic and full text information retrieval
and to electronic publishing. For example, pro-
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totype expert systems with sophisticated
search strategies are being used to retrieve and
deliver full text information via electronic pub-
lishing systems. These kinds of information
retrieval expert systems could eventually work
hand-in-hand with expert systems designed to
efficiently manage electronic publishing. One
can easily envision the day when expert sys-
tems will help optimize the electronic publish-
ing and dissemination (paper and electronic)
of information products (or packages of prod-
ucts), given the specific profile of the product
(number of pages, composition, type style, use
of graphics, etc.), anticipated user needs (e.g.,
size of demand by format), and the mix of dis-
semination channels (initial press run of pa-
per copies, provisions for demand printing, on-
line database access, optical disk distribution,
etc.).

Numerous expert system applications for in-
formation search and retrieval are under de-
velopment. For example:

● The National Records and Archives
Administration (NARA) developed a pro-
totype expert system to assist with rou-
tine inquiries from researchers. The objec-
tives of the project were to evaluate the
capability of an expert system to capture
the expertise of experienced archivists and
to relieve them of the significant expend-
iture of time needed to answer routine in-
quiries. Test results indicated that if the
prototype system were expanded to full
scale, the system could be expected to
agree with its human counterpart more
than 90 percent of the time. NARA plans
to extend testing of expert systems to
other areas of records management.

The Defense Technical Information Cen-
ter has established an Artificial Intelli-
gence/Decision Support Laboratory that
is working to apply the full range of ex-
pert systems and even more powerful arti-
ficial intelligence technologies to informa-
tion access and retrieval. The ultimate
objective is to facilitate the capture and
transfer of knowledge from the experts to
the users of DTIC (and other DoD) infor-
mation systems, utilizing innovative in-
formation display techniques and full
integration with the DoD Gateway Infor-
mation System that is interfaced with
hundreds of online databases.
The National Agricultural Library (NAL)
has developed prototype expert systems
that query users on their information
needs and route them to the appropriate
bibliographic sources. The prototype was
provided to over 700 librarians in a floppy
disk format that runs on a microcomputer.
NAL hopes to create a critical mass of ex-
pert system users, and believes that ex-
pert systems could help free librarians
from the more routine ready reference and
directional questions. NAL is also explor-
ing linking expert systems to other gov-
ernment and commercial online databases
and CD-ROM players. Expert systems
could be used to query the user on his or
her information needs, help sharpen the
request, and then route the request to an
online bibliography, a disk-based bibliog-
raphy, or a full text document on video-
disk or CD-ROM with electronic printing
on demand. The possibilities are almost
endless.

TECHNICAL STANDARDS

The pace of development and application of
several of the technologies discussed earlier is
dependent on the development of and agree-
ment on national and international standards.
Standards-setting efforts are underway in all
critical areas, although the intensity of activ-
ity varies. The major standards organizations
include:

●

●

the International Committee on Consul-
tative Telephone and Telegraph (CCITT),
which is a unit of the International
Telecommunications Union and whose for-
mal members are 160 governments;
the International Standards Organization
(1S0), whose members are the national
standards bodies of 89 countries;
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●

the American National Standards Insti-
tute (ANSI) that represents the United
States in the IS0 and coordinates volun-
tary standards activities in the United
States;
the National Bureau of Standards (NBS),
which is the lead U.S. government agency
in many standards areas; and
the Federal Communications Commission
with respect to certain telecommunication
standards.

A new organization, the Corporation for Open
Systems (COS), was established in 1986 to pro-
mote open systems interconnection standards.
COS members are primarily telecommunica-
tion and information equipment and services
companies.

The following discussion highlights standards-
setting for optical disks, page description lan-
guages, and test markup languages. For dis-
cussion of other standards areas (e.g. electronic
data interchange, integrated digital services),
see Communication Systems for an Informa-
tion Age (OTA, forthcoming, 1989).

With respect to optical disk standards, the
two leading manufacturers of optical disks—
Sony and Phillips-took the lead and developed
a set of proposed standards for CD digital au-
dio, CD-ROM, and CD-I, known as the Red
Book, Yellow Book, and Green Book stand-
ards, respectively. The proposed CD-ROM
standards (Yellow Book) included detailed
technical specifications for CD encoding,
mastering, replication, decoding, and reading,
such that any CD-ROM disk can be read by
any CD-ROM disk drive, and have become de
facto industry standards. In addition, stand-
ards for the logical formatting of CD-ROMs
were initially proposed by the so-called High
Sierra Group and subsequently adopted by
1S0 as an international standard. Data prep-
aration is the one area not fully specified by
the proposed standards. While data must be
logically organized, formatted, and prepared
prior to conversion into opticaI disk format,
the standard permits use of a wide range of
computer operating systems. Although the
other specifications insure that disks are phys-
ically readable by any disk drive, the data may
not be accessible except through proprietary

software. However, this approach is consist-
ent with the usual industry practice for disk
drive standards. Standards for WORM, Erase-
able, and CD-I disks are in earlier stages of
development.

Another very important standards area in-
volves the page description and the text
markup languages used to code the format,
style, and composition of documents. If the
text markup language used to prepare a docu-
ment is not compatible with the language used
by the composition and/or output devices, then
significant additional work is required to strip
the markup commands from the document and
reinsert the commands in a compatible lan-
guage. Sometimes it is easier just to rekey-
board and recode the entire document, at sig-
nificant additional cost. Alternatively, a page
description language can be used to make the
conversion automatically, if there is page
description software compatible with the par-
ticular text markup language and output de-
vices in use.

One possible page description language is
the PostScript language (by Adobe Systems)
that is becoming a defacto standard at least
for desktop and WYSIWYG publishing sys-
tems due to the fact that both Apple and IBM,
among others, use PostScript. This possibil-
ity is under consideration by NBS, ANSI, and
1S0. A related effort involves the development
of a Standard Page Description Language
(SPDL). These approaches are intended to
match the applications software (e. g., for edit-
ing and composition) to the output devices and
eliminate the need for the so-called device
driver which is a separate set of instructions
needed to make the applications software com-
municate with the output device.

Text markup standards are particularly im-
portant to realize the full benefits of electronic
information dissemination. If government doc-
uments (whether reports, pamphlets, manuals,
other text, or text plus tabular and graphics
material) are not prepared in a standardized
electronic format using standardized codes and
descriptors, substantial recoding and rekey-
boarding may be necessary at later stages of
the dissemination process. Any significant
recoding and rekey boarding is costly and can
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offset some or all of the cost advantages of elec-
tronic formats.

Text markup standards are intended to es-
tablish a consistent set of codes for labeling
key elements of a document–such as chapter
titles, paragraph indentations, tabular presen-
tations, and the like. Such standards establish
a logical structure for the elements of a docu-
ment, in a hierarchical order—such as chap-
ter, paragraph, line, word, and character. The
elements are assigned codes (which can be a
letter, number, symbol, or combination thereof)
that are keystroked along with the text, ta-
bles, and graphics included in the document.
If these electronic codes are widely agreed upon
and used (i.e., standardized), then the docu-
ments can be electronically transferred from
one stage in the dissemination process to
another with little or no additional effort.

A wide range of information dissemination
functions would be facilitated by text markup
standards, including:

● authoring
—creating the document
—editing
—revising

● archiving
— short-term
–long-term

● disseminating in multiple formats
—conventional printing
—electronic printing-on-demand
—online electronic
—offline electronic (e.g., magnetic tape,

floppy disk, CD-ROM)
—microform
—specialized outputs (e.g., braille, foreign

languages, voice)
● disseminating through multiple channels

—agency clearinghouses and information
centers

—governmentwide clearinghouses and
sales programs

—press, libraries, and commercial vendors

For example, text markup standards would
help ensure that NTIS and/or GPO are able
to efficiently reproduce and disseminate
agency electronic documents. This would also

facilitate private vendor repackaging or en-
hancing of agency documents, if the vendors
utilized the same standards.

Three major approaches to text markup
standards are: 1) GPO’s logically structured
full text database standard; 2) the Standard
Generalized Markup Language (SGML) that
has been adopted by the Department of De-
fense; 3) and the Office Document Architec-
ture standard.

The GPO standard is used almost exclu-
sively by GPO, congressional committees and
offices, and Federal agencies—primarily those
agencies that submit magnetic tapes to GPO
for typesetting and printing. Full text data-
base standard or specification is the applica-
tion of a logical coding structure to the full text
or content of the document, including tables
as well as text. GPO staff recently completed
training on how to write software programs
that can translate from SGML to GPO’s full
text database standard. GPO indicates that
it is prepared to write such software at cus-
tomer request. The GPO standard is designed
primarily to meet the needs of publishing
professions. SGML, on the other hand, while
also meeting publishing needs, is recognized
as an international standard, endorsed by DoD
and some vendors, and is being issued by NBS
as a Federal Information Processing Standard
(FIPS). SGML is a set of rules for developing
the element codes for a document, whereas the
GPO standard includes both the rules and the
specific codes themselves. Both SGML and
GPO use a logical structure, so in principle
SGML codes should be convertible to GPO’s
codes, and perhaps vice versa, although some
of these applications are still under devel-
opment.

Office Document Architecture (ODA), a re-
lated protocol, is directed primarily to meet-
ing office, not publishing, needs, and thus the
document complexity is reduced (due to fewer
fonts, formats, etc.). ODA is a method of en-
coding software that essentially converts doc-
uments to a common code compatible with a
wide range of office automation systems. ODA
is a protocol for converting the codes used to
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format individual documents into a common
format for the interchange of the documents
among different systems. ODA was initially
defined by the European Computer Manufac-
turers Association (ECMA) to be consistent
with the Open Systems Interconnection stand-
ard developed by the 1S0 and has been issued
as an international standard. Officials at NBS
believe that there may be a need for both ODA
and SGML standards within the Federal Gov-
ernment.

Finally, there is intensive work by all major
standards organizations to refine and imple-
ment the open systems interconnection (0S1)
concept. An 0S1 reference model has been de-
veloped under 1S0 auspices. The model serv-
ices as a master standard for an integrated
telecommunications-information systems envi-
ronment. It also incorporates already estab-
lished standards such as those for packet-
switched data networks and electronic mail.
Many vendors and users have recognized the

need for rapid 0S1 implementation. In the
United States, NBS is coordinating an 0S1
prototype system known as OSINET that is
intended to be a test of the 0S1 reference
model. The results are being made available
to the standards-setting organizations.

The Federal Government commitment to 0S1
is already significant, with a growing con-
sensus that 0S1 is necessary to move to in-
teroperability of the now confusing and largely
incompatible range of equipment and software
in the government inventory. Indeed a Fed-
eral interagency committee has recommended
that 0S1 standards be mandatory for new Fed-
eral computer and telecommunication procure-
ments and be a first option for retrofits of
existing systems. The suggested 0S1 procure-
ment standard would be consistent with the
1S0 reference model. This 0S1 procurement
standard is being issued by NBS as a Federal
Information Processing Standard (FIPS).


