
Communication or Chaos? 

Effective transfer of scientific and technical 
information continues to be a pressing national problem. 

Dale B. Baker 

In writing or speaking at the begin- 
ning of a new decade, it is fashionable 
to speculate about what the next 10 
years may hold in store in one's field 
of endeavor. In peering into the future 
of scientific and technical communica- 
tion, it might be possible to conjure 
visions, if not of sugarplums them- 
selves, then of televiewers, megabit 
storage devices, and instantaneous re- 
call systems that constitute the sugar- 
plums of this field. Or, it might be just 
as easy to foresee a real potential for 
chaos in scientific and technical infor- 
mation transfer and predict, as some 
already have done, the partial or total 
breakdown of our formal information 
transfer channels. 

But the field of scientific and techni- 
cal communication has perhaps too 
long and too often been characterized 
by glowing visions of future possibili- 
ties on the one hand and dark foretell- 
ings of doom on the other, with little 
concrete action toward solving the im- 
mediate and urgent problems at hand. 
So, rather than speculate about the 
future, I intend to review some of the 
progress made in the past decade to- 
ward solving what the recent report of 
the National Academy of Sciences has 
called "a pressing national problem" 
(1). 

My comments have two theses. First 
is that information processors in many 
scientific disciplines made significant 
technological advances in the decade of 
the 1960's, though perhaps too few 
scientists have recognized these ad- 
vances and their potential, and that 
this technological progress gives us a 
solid base from which to move rapidly 
ahead in the 1970's. My second thesis 
is that despite the progress we are mak- 

ing in modernizing the individual dis- 
cipline-oriented and mission-oriented 
information systems in science and 
technology, we perhaps have not yet 
recognized that a truly effective solu- 
tion to our scientific and technical 
communiation problems can come only 
through a coordinated, multinational, 
multidisciplinary effort. 

A Mythical Explosion 

At the beginning of the 1960's we 
were being bombarded by outcries 
from many directions about an infor- 
mation explosion in science. In fact, 
occasional echoes are still being heard 
today. But as we should all be aware 
by now, the information explosion was 
a myth. Scientific information has been 
growing at pretty much the same, pre- 
dictable, exponential rate for several 
centuries. 

Nevertheless, the sheer volume of 
scientific information that confronts us 
today-some 2 million new reports 
of research and development per year 
-and the rate at which our store of 
useful scientific information is now 
growing are placing a severe strain on 
our traditional means of communica- 
tion in science and technology. And so, 
we stand on the threshold of the eighth 
decade of the 20th century wondering 
if, somehow, computer technology can 
do now for scientific and technical 
communication what the advent of ab- 
stracting and indexing services did 
more than a century ago. 

One hears a wide range of views 
expressed on this question. At one ex- 
treme are those who assure us that we 
will not achieve Nirvana until we are 
all on-line with a reactive, zero-defect, 
negative-cycle-time system that calls 
heuristically on its many banks of 
trillion-bit memories to tell us the 
answers to the questions we should 
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have asked instead of those we did 
ask. At the other extreme are some 
who resist any change in the traditional 
system and curse the machines that are 
increasingly encroaching upon every as- 
pect of their lives. 

In the midst of this turmoil, a num- 
ber of scientific information proces- 
sors have been moving steadily ahead 
on a middle course, trying to preserve 
what is best in the old ways and using 
what is feasible and practical in the 
new technology to provide better in- 
formation services for scientists and en- 
gineers. I suppose that, in the catch 
phrase of the day, we might term our- 
selves the "silent majority" of the in- 
formation transfer field. 

Perhaps we have been too silent, for 
while at the end of the 1960's more 
scientists and engineers were getting 
more information in a more effective 
manner than ever before, many still 
were unaware of, or unwilling to recog- 
nize, the array of new information 
tools now becoming available to them- 
from printed computer-produced alert- 
ing services to current-awareness in- 
formation selected by computer accord- 
ing to individual interest profiles. Infor- 
mation processors are now a different 
factor in science and technology than 
they were a decade ago. The scientist, 
engineer, or research manager who 
continues to assign to us only the 
quiet, scholarly corner of his mind- 
the lonely trip to the library before 
the project starts-is as surely hobbling 
himself and denying his responsibilities 
as if he threw out all of his modern 
analytical equipment in favor of a re- 
turn to the classical laboratory tech- 
niques of the turn of the century. 

Modernizing the Systems 

The growing volume of new scien- 
tific and technical information and the 
changing information needs of scien- 
tists and engineers have had the great- 
est impact on the abstracting and in- 
dexing services, and, in the past dec- 
ade, a number of these services have 
made significant progress in applying 
computer technology to information 
handling on a large scale. At Chemical 
Abstracts Service, for example, we are 
now handling nearly 1 billion char- 
acters of information per year in a 
computer processing system. 

At CAS we began working with 
computers in 1960 and, with financial 
assistance from the National Science 
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Foundation, began seriously to convert 
all of our information-handling opera- 
tions to a computer base in 1964. The 
CAS computer processing system is 
built on the premise that sound intel- 
lectual input is essential to optimum 
secondary information services. As in 
the past, we continue to depend upon 
scientifically competent analysts to 
summarize, condense, and index the 

primary literature. But now the re- 
sults of this intellectual analysis are 
recorded in a unified machine-language 
information store, and essentially all 

subsequent manipulation, organization, 
and checking is performed by a com- 

puter system that produces output in 
the form of both computer-composed 
text ready for offset printing and com- 

puter-searchable magnetic tape files. 
The new system not only allows us 

to conserve our limited professional 
manpower and gives us the capacity to 

keep pace with the growth of the chem- 
ical literature through the next decade, 
it also enables us to produce more ac- 
curate and timely services and to make 
digested and indexed information avail- 
able to scientists and engineers in a 
variety of useful forms-to derive mul- 

tiple benefits from the investment of 
intellectual effort. Thus CAS is no 
longer simply the publisher of an 

abstracting and indexing journal but 
a man-machine information-processing 
system that produces publications as 
one form of output. 

The publication is by no means 
downgraded in importance; it is merely 
placed in proper perspective as one of 
several important media for disseminat- 
ing information today. Nor have we 
simply adopted the computer as a high- 
speed printing press. Rather, we have re- 
studied in complete detail how to pro- 
vide the most effective access to the pri- 
mary record of science and technology. 

Some of our more visionary col- 
leagues might tend to miss this point 
and accuse us of responding to com- 
puter technology the way the ship- 
builders of the last century responded 
to the steam engine. The shipbuilders 
put engines on sailing vessels, but kept 
the sails. We are using the computer 
to produce traditional printed publica- 
tions as well as newer forms of in- 
formation service. 

There are those who might suggest 
that we are perhaps wasting our efforts 
in developing a system that produces 
printed output, that modern informa- 
tion technology will soon make printed 
abstracts and indexes obsolete. We can- 
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not accept that line of reasoning, at 
least for the next decade or so. Only 
a minority of the world's scientists at 

present have access to the necessary 
equipment or have had the opportunity 
to develop the necessary experience to 
use even the more rudimentary com- 

puter-based information tools available 

today. We hope that this situation can 
be remedied to a considerable extent 
in the next several years, but even so, 
the printed page, or a microform that 

requires many of the same production 
steps, is likely to remain the principal 
information tool for many of the 
world's scientists for some years to 
come. 

If you were to ask me when our 
conversion to computer processing 
would be complete, I would have to 

answer, "probably never," for we and 
others are constantly evolving new and 
better ways to do the job. Some of the 
first subsystems to go into operation 
have been redesigned several times 
to achieve better overall efficiency and 
to take advantage of newer and more 

powerful equipment. Our rate of prog- 
ress has also been restrained somewhat 

by the need to maintain a continuing 
flow of information through our oper- 
ations while implementing the new sys- 
tem. We could not shut down for a 

year, or even a month, install new 

equipment and procedures, then start 
up again. Nor was it economically 
feasible to build the new system com- 

pletely in parallel with the old, while 
the old system continued intact and 
operative. Our problem is somewhat 
like that of building a new bridge on the 
site of an old one without diverting or 

obstructing a constant and heavy load 
of traffic. 

But even though our system is still 
some years away from operating in an 
ideal state, much of it is functioning in 
a very useful manner now. This year, 
the complete bibliographic citations and 
subject indexing terms for some 270,- 
000 papers, patents, and reports will be 
recorded in the machine-language data 
base, as will be the full text of the ab- 
stracts for about 25 percent of these 
documents and the structure diagrams, 
names, and molecular formulas for ap- 
proximately three-quarters of a million 
chemical substances. Our chemical 
registry subsystem, which is bringing 
together in one data bank information 
on the structures, names, and sources of 
published information for chemical sub- 
stances, contained machine-searchable 
structural records for some 1.3 million 

substances, along with almost 3 million 
associated references, at the end of 
1969. 

Services now produced through the 
CAS computer system include CA 

Condensates, weekly machine-search- 
able tapes containing the complete 
bibliographic citations and keyword in- 
dex terms for each journal article, re- 

port, and patent covered in the corre- 

sponding weekly issue of Chemical 

Abstracts; Chemical Titles, a biweekly 
alert to the titles of papers appearing 
in some 600 journals of pure and ap- 
plied chemistry; Chemical-Biological 
Activities, a biweekly abstracting and 

indexing service covering publications 
in pharmaceutical chemistry and bio- 

chemistry; and Polymer Science & 

Technology, a weekly guide to the 

journal, report, and patent literature on 
the chemistry and technology of poly- 
mers. Condensates is produced in ma- 
chine-searchable form only. The other 
three are produced simultaneously in 

printed and machine-searchable mag- 
netic tape editions. 

In addition, the author and molecular 
formula indexes of Chemical Abstracts 
are now organized and composed 
through the computer system, and the 

subject indexes will be so produced 
before the end of 1970. We will con- 
vert the weekly abstract issues of 
Chemical Abstracts to computer pro- 
duction over the next several years. 

Thus, at the end of the 1960's we 
were well on the way toward a com- 
prehensive computer-based system for 

processing and disseminating secondary 
chemical information. Processors of 
biological, engineering, and medical in- 
formation have made similar progress, 
and others are moving in the same 
direction. This technological progress 
gives us a solid base from which to 
move ahead rapidly in the 1970's. 

But technology alone will not bring 
us communication rather than chaos 
in the decade of the 70's. Despite the 
progress we are making toward mod- 
ernizing and improving the efficiency 
of individual information systems, our 
overall system for recording, locating, 
and disseminating scientific and tech- 
nical information remains highly re- 
dundant, decidedly uneconomic to oper- 
ate, and, to a growing extent, unrespon- 
sive to the needs of scientists and engi- 
neers today. A truly effective solution 
of the overall scientific and technical 
communication problem can come only 
through a coordinated effort across na- 
tional and disciplinary boundaries. 
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International Cooperation 

Obviously, scientific and technical in- 
formation is an international as well as 
a national resource. At Chemical Ab- 
stracts Service some 73 percent of the 
information we process originates out- 
side the United States. Secondary chem- 
ical information services in the Soviet 
Union, Germany, Japan, and France 
are attempting to keep pace with major 
parts of the same body of literature. 
All are facing the same economic and 
manpower problems as CAS, and all 
are considering the same alternatives. 
We need to find ways to share the bur- 
den to the mutual benefit of all. 

We are beginning to make some 
progress in this direction. In 1969, the 
United Kingdom Consortium on Chem- 
ical Information, an organization rep- 
resenting ten chemically oriented sci- 
entific and scholarly societies in the 
United Kingdom, and West Germany's 
chemical society, the Gesellschaft Deut- 
scher Chemiker, agreed to share with 
the American Chemical Society in the 
development and operation of a com- 
mon computerized chemical informa- 
tion system. The British and German 
organizations will assume responsibility 
for selecting, organizing, and recording 
information from an agreed-upon por- 
tion of the primary chemical literature 
for input to a central computer-process- 
ing system at CAS's Columbus head- 
quarters, and will share in the output 
from this system. 

The agreement with the German 
group in effect unites the operations of 
CAS and Chemisches Zentralblatt, the 
world's oldest scientific abstracting and 
indexing service. Chemisches Zentral- 
blatt ceased publishing its own compre- 
hensive abstracting and indexing jour- 
nal at the end of 1969, and input to the 
common system from Germany will be 
prepared by members of the West Ger- 
man editorial staff of CZ, now the Infor- 
mation and Documentation Division of 
Gesellschaft Deutscher Chemiker. 

Scientific communities in several 
other nations have expressed interest in 
exploring similar forms of cooperation. 
While no formal agreements are likely 
to follow immediately the outlook for 
further cooperation is encouraging. 

Over the next few years, the British 
and German groups will develop the 
capability of transmitting abstracts and 
index entries to the Columbus process- 
ing center directly in machine-readable 
form, and the degree of refinement of 
data that can be performed on such a 
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decentralized basis will be determined 
in a series of carefully controlled ex- 
periments. Ultimately, as much of the 
intellectual processing effort as possible 
will be performed by these groups. 

Another important function of the 
British and German organizations 
under these agreements will be the ex- 
ploitation of the machine-readable out- 
put from the central processing system. 
They will manipulate this output, sep- 
arately or in combination with data 
from other sources, to develop special- 
ized publications and services of their 
own and to provide computer searches 
of the data for individuals and organi- 
zations in their respective nations. 

This approach to providing service 
to the ultimate user from the com- 
puter data store seems to offer the most 
promising means of bringing the bene- 
fits of computer-based information to 
greater numbers of scientists and engi- 
neers. While the use of computers for 
computational and numerical data- 
processing applications is almost com- 
monplace today, only a limited number 
of organizations have yet developed the 
necessary expertise to manipulate com- 
plex machine-readable files of non- 
numerical data to extract useful ser- 
vices from them. The major scientific 
information processors have neither the 
manpower nor the financial resources 
to develop by themselves more than a 
fraction of the potentially useful ser- 
vices that could be derived from these 
growing stores of machine-readable 
data, nor do they operate in a context 
of sufficiently close contact with the 
ultimate users of the information to 
provide the most responsive form of 
service to these users. Decentralized in- 
formation centers staffed by personnel 
versed in both the subject content of 
the data base and the computer hard- 
ware and software involved, each work- 
ing closely with a relatively small group 
of users, can provide the most econom- 
ical and responsive service to these 
users. Through their close contact with 
users, these centers can also provide 
feedback to the information processors 
that can help make these processors' 
systems more responsive to user needs. 

Since late 1967, the Organization for 
Economic Cooperation and Develop- 
ment has been encouraging coopera- 
tion between CAS and groups in its 
member nations in the development of 
such information distribution centers. 
So far, centers have been established in 
Belgium, Canada, Denmark, the 
Netherlands, and Sweden under this 

program. Six organizations in the 
United States, including one commer- 
cial organization, also are now offering 
public searches of CAS machine-read- 
able data files. 

These cooperative ventures with sis- 
ter societies abroad and the experiments 
with independent information centers in 
the U.S. and abroad represent the first 
tentative steps toward the development 
of a coordinated, international network 
for chemical information, a network 
that will provide both decentralized in- 
put to a single processing system and 
decentralized exploitation of output 
from this system on behalf of the user. 
Because of the staff, equipment, and 
management requirements, the number 
of national centers participating direct- 
ly in input to the common processing 
system will necessarily be limited to 
four or five in the world, including the 
one operated in Columbus. The number 
of information distribution centers 
sharing in output from the system 
would be limited only by the centers' 
ability to maintain financial viability. 

Interdisciplinary Coordination 

It also should be obvious to all by 
now that research and development in 
the physical and natural sciences and 
technology are highly interdisciplinary 
today and growing ever more so. As 
research in chemistry, physics, and 
biology probes to more fundamental 
levels of understanding, the boundaries 
between these disciplines are becoming 
less and less distinct. Similarly, re- 
search in other scientific fields and 
much technological development are 
more and more drawing upon and con- 
tributing to the information store of 
these fundamental disciplines. 

Today, almost every report of prog- 
ress published in the primary scientific 
and technical literature contains infor- 
mation of use to the practitioners of 
several disciplines. To provide reason- 
ably complete coverage of its discipline, 
in recent years each discipline-oriented 
secondary information service has been 
covering more and more reports in 
which the majority of the informa- 
tion is of concern to another discipline. 
The result has been increasing overlap 
of coverage among these services that 
has caused them to grow at a rate of 
about 9 percent per year, while the pri- 
mary literature of science as a whole 
has been increasing at an average an- 
nual rate of only 6 percent. 
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While the techniques for measuring 
duplication of coverage do not always 
yield comparable results, and exact 
figures are subject to question, a sub- 
stantial percentage of papers covered 
by Physics Abstracts and Biological 
Abstracts today are also covered by 
Chemical Abstracts. Still greater over- 
lap exists between these discipline- 
oriented services and the various mis- 
sion-oriented abstracting and indexing 
services that have been started in recent 
decades. 

Historically, overlap in coverage 
among secondary services in printed 
form has often been necessary to assure 
that scientists in a particular discipline 
have access to important information. 
While the abstracts of a given document 
used by two different discipline-oriented 
secondary services generally do not 
differ substantially, each service tends 
to index the document from the view- 
point of and in the specialized term- 
inology of its own discipline. For this 
reason, it has often been difficult for a 
scientist trained in one discipline to 
locate information through the indexes 
of a secondary service oriented toward 
another discipline, and, in the absence 
of any strong incentive for coordination 
of indexing practices, overlap of cov- 
erage has been necessary. 

Now, computer technology provides 
an effective and relatively inexpensive 
means of interlinking the information 
stores of the various disciplines by 
creating bridges between the indexing 
nomenclature used by these disciplines. 
An example of this type of interdis- 
ciplinary networking is the mechanized 
interface that has been developed be- 
tween CAS and the National Library 
of Medicine's Index Medicus and 
MEDLARS data base. A substantial 
amount of information in the chemical- 
biomedical borderline area, most of it 
concerned with chemical substances, is 
being indexed by both CAS and NLM. 
Over the past several years, the two or- 
ganizations have worked together to 
develop a bridge that links the terms 
used to index a substance in Index 
Medicus and the Chemical Abstracts 
indexing nomenclature for the substance 
through a computer-based structure 
recognition system. Through this link, 
it is possible to convert automatically 
from one indexing system to another 
and to search for references to a given 
substance in both the CAS and NLM 
data bases, even though each service 
uses a different system of nomenclature 
in indexing substances. While this is 
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only a small step toward interdisciplin- 
ary coordination, it is representative of 
the kind of interface between dis- 
cipline-oriented services that computer 
technology makes possible. 

With the current volume and con- 
tinuing growth of publication in each 
discipline and the increasing integration 
of the disciplines, no one information 
processor can reasonably expect to 
satisfy the full range of information 
needs of the scientists in a given dis- 
cipline, nor can the scientific communi- 
ty afford to support highly redundant 
information systems for each of the 
scientific and technical disciplines. 
There is an urgent need for an agreed- 
upon division of coverage among the 
various discipline-oriented and mission- 
oriented information processors, and 
this division must necessarily be ac- 
companied by a coordination of index- 
ing and data recording practices among 
these processors, so that a scientist 
can readily shift from one information 
store to another. 

Furthermore, as the emphasis on 
cross-disciplinary research grows, as it 
undoubtedly will, it is likely that the 
information needs of many scientists 
will be best satisfied by combining 
selected machine-readable data from 
several discipline-oriented or mission- 
oriented processing systems. Such com- 
bination of data can be performed very 
efficiently if the discipline-oriented sys- 
tems are compatible, and such com- 
patibility can be achieved at a minimum 
of expense if coordination and stan- 
dardization of data recording practices 
begin while each system is in a relative- 
ly early stage of development. 

Coordinated application of compu- 
ter technology throughout the scien- 
tific information-handling community 
would make it possible to interlink the 
various discipline-oriented and mission- 
oriented, government and private, com- 
puter processing systems now under de- 
velopment into an effective information 
network, substantially reduce the over- 
all cost of operating our scientific and 
technical information complex by elim- 
inating much of the duplication of 
effort that now exists, and result in 
far more useful information services 
for scientists and engineers in all disci- 
plines. This is not something that can 
be accomplished in a few years or, per- 
haps, even in a decade. But the neces- 
sary technology exists. We need only 
the will and the means to cooperate, 
and we need to start soon. 

My review of the 1960's convinces 

me that we are making progress, 
though perhaps not as rapidly as some 
might like. Scientific information proc- 
essors who have recognized that tradi- 
tional methods are no longer adequate 
for the task to be performed have set 
out to modernize their systems, and 
have accomplished a great deal in a 
very practical way. 

Most of my comments have con- 
cerned secondary information services, 
for that is where the most progress 
has been made in the 1960's. But pri- 
mary journal publishers also are now 
modernizing their operations through 
the installation of computerized type- 
setting procedures. This opens up the 
possibility of highly efficient and reli- 
able machine transfer of data between 
compatible primary and secondary 
processing systems with attendant elim- 
ination of much of the redundant in- 
tellectual effort that now exists be- 
tween the primary and secondary 
publication operations. We must not 
forget that secondary information sys- 
tems exist mainly to lead the seeker to 
information recorded in the primary 
literature, and that most users of sci- 
entific information depend upon the 
libraries to supply the primary docu- 
ments they need. Our moder access 
systems will be of little value without 
effective links to the library system. 

We also have a tremendpus educa- 
tional task to perform. Scientists, both 
young and old, are generally unaware 
of the power of the new information 
tools now becoming available, nor are 
they being taught to use them effec- 
tively. This is a task the information 
processors cannot undertake alone. We 
need the help of the colleges and uni- 
versities in promoting and teaching the 
use of modern information methods. 

But the greatest challenge facing us 
in the 1970's is the coordination of 
the individual information systems into 
an effective information network for 
science and technology. The integra- 
tion of scientific and technical informa- 
tion services is a natural and necessary 
consequence of the integration of sci- 
ence itself. If we recognize this and 
begin to work together now, we may 
have the prospect for more communi- 
cation and less chaos in the sciences 
in the decades ahead. 
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