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STATEMENT BY THE PRESIDENT 

One of the major opportuniti~ for enhaDcing the efl'ecti_ of our 
national scientific and technical effort and the et'!;c;ency of GoYemment 
managmtent of research and development lies in the improvement of our 
ability to communicate infonnation about current research efforts and the 
results of past efforts. 

This report of the Science AdvUory Committee draws attention to the 
importance of good communication to modern lCientific and whnjcal en
deavor. It makes a welcome contribution to better undentanding of the 
problems of scientific and technical communication both within the Gov
ernment and outside of Government and of the steps that can be taken to 

meet these problems. 
As the report points out, strong science and technology is a national 

neceuity anu adequate communication is a prerequisite for strong science 
and technoJosy. 

The obeervations of the Committee deserve -x,us consideration by 1Ci
entists and engineers engaged in research and development and by thooe 
administering the large Government research and developUle4t JlI'OII'&iDI. 

THII WHTra Houaa, 
January 10,1963 

m 
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SUMMARY AND MAJOR RECOMMENDATIONS 
Transfer of infonnatioo is an inseparable part of ~ aDd de

velopment. All those concerned with research and development-iodivid
ualscientisll and engineen, industrial and academic reoearch estlNi,hmMIlS, 
technical IOcieties, Government ageDci_must accept ze:spcmsibility for 
the transfer of infozmatioo in the same degree and spirit that they accept 
respoDlibiJity for retearelt and development itself. 

The later steps in the infonnation transfer process, such as retrieval, are 
strongly affected by the attitudes and practices of the origiDaton of 1CieDtific: 
information. The working scien~t must therefore share many of the bur
dens that have traditionally been carried by the professiooal documeutlliat. 
The teclmical community generally must devote a larger share thaD hereto
fore of ill time and resources to the di8criminating manllfSemwt of the ever
increasing technical record. Doing less will lead to fragmented and ineffec
tive scieuce and technology. 

These are the major findings and recommendations 01 this Pauel. In 
arriving at these conclusions, the Panel bas tried to UDdentand the ir..for
mation transfer process itself, and to identify those problems in informa
tion handling that have been magnified by the accelerating growth of scieDce 
and techDology. The lint two parts of the following report therefore 
describe some attributes of the infonnation process and of various informa
tion handling systems. 

SiDce Itrong science and technology is. a national neceaity, and adequate 
communication is a prerequisite for strong scieuce and technology, the heaJth 
of the technical communication system '!lust be a concern of Government. 
Moreover, since the internal agency information systems overlap with ..he 
DOD-Govemment systems, the Government must pay attention to the latter 
as weU as to the former. 

The Government must be concerned with our non-Govemment c0m
munication Iystems for another, less obvious reason. The technical litera
ture with its long tradition of self-criticism helps, by ill very existence, to 
maintain the standards, and hence the validity, of science, particularly 01 
basic science. The Government, as the largest supporter of basic science, 
bas a Itrong interest in keeping viable this mechanism of critical review of 
the science it supports. 

The Government's concern with teclmical communication is complicated 
by the impact of modem science aD'.i technology on D."\tional defeme. Cri
teria for guarding information that should not be divulged in the national 
interest must be established and must be kept up to date. This Panel bas 
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not analyzed in detail thcx difficult pmblemt of IOCteC)' and cWrificatioo ; 
they may well bear further thought ., .. d analysis by another group. 

Since both the Government and th.e technical community are involved 
with our technical communication sy¥tem, the Panel, in making detailed 
recommendations that elaborate upon our general recornmeodationa, bas 
addressed illelf both to the technical oomrm .... ity and to the Federal ~. 

A. R«o ••• d .. ;.. to 1M T«bttk.l Co. r ." 

I. Till tulutieoJ eommunity " .. ut ,eeopi". ,/11.' Ia ... d/in: of /.eJanieoJ 
jnfon"",jon is " wo"hy "M jnl."oJ p." of seiene. (pp. 14. 27. 29) . 

We shall cope with the information exploeioo, in the long run, only if 
some lcientists and eegineen are prepared to commit themselves deeply 
to the job of sifting, reviewing, and synthesizing information ; Le., to handling 
infonnation with sophistication and meaning, not merely mechanically. 
Such scentists must create new lcience, not jUll sbuftle documents: their 
activities of reviewing, writing boob, critH-izing, and syntbesizing are 
as much a part of lcience as is traditional retearch. We urge the .... hnical 
community to accord such individuals the esteem that matches the im
portance of their jobs and to reward them well for their efforts. 

2. The jndjvitluGl .. utho, must Geeept more ,espoflSillilily fo, subse9u.nt 
,elnevGl of wh .. , is published (p,. 14,24-26) . 

Individual scientists and engineen mUll participate in the information 
trarufer process, rather than leavIng the entire tesponsibilty to the pro
fessional documentalist. We therefore urge authon of technical papers to-

a. Title papers in a meaty and informative manner (p. 24) 
b. Index their contributions with keywords taken from ltandard 

thesauri. Societies and editon are urged to establish such thesauri 
wherever this is practical (p. 25) . 

c. Write informative abstracts (p. 25 ) . 
d. Refrain from unnecessary publication (pp. 2>-26). 

3. Teehniques of handling infor .... ,ion musl be widely taughl (p. 28) . 
Familiarity with modem techniques of information processing is neces

sary for the modem scientist and engineer. Our colleges and univenities 
must provide instruction in these techniques as part of the regular lcien
tific curriculum. They must also educate in the art of handling informa
tion more professionals who can lighten the burden of the technical man 
and can invent new techniques of information retrieval. 

4. The teehnieoJ eommunity musl uplo,e ... d uploil new switching 
methods (p . 30). 

The information transfer network is held together by an array of switch
ing devices that connect the user with the information (as contrasted with 
the documents) he needs. As the amount of information grows, more in
genuity will be needed to find effective switching mechanisms, if only 
because the capacity of the human mind places • limit on bow much infor-
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mation can be auimilated. The technical community must ~ 
explore new modes for information proc-ins and retrieval. Anwmg Ii!e 
lCbemes that ought to be exploited more fully are: 

II . Specialized Information Centers (pp. 14,32-33, 43). The Panel_ 
the speci.li....j information center as a major key to the :ationalizatioo ·O( our 
information system. Ultimately we believe the specialiaed center will be
come the accepted retai1er of information, switching, interpretin&, and 
otherwise procming information from the large wholesale depoAtories and 
archival journals to the individual wer. The Panel therefore wp that 
more and better specialized centen be established. 

We believe the speciaJj....j info.rmation center should be primarily a tech
nical institute rather than a technical library. It must be led by prol5-
sional working scientists and engineen who maintain the dOlest contact 
with their technical professions and who, by ~ing near the data, can make 
new syntheses that are denied thooe who do not have all the data at their 
fingertips. Infc=ation centen .ought to be set up where science and tech
nology flourish. We believe that the large, Government-supported labora
tories could become congenial homes for groupa 01 related pecWized 
information centen. 

b. Central D.positories (pp. 30-32) . The central depoaitory to which 
authon submit manuscripts that are announced and then distributed on 
request may ease the technical problems 0( switching documents quickly 
and diJcrisninatingly between uscr (particularly the .peci.li....j center) and 
IIOUI'CC. Central depoaitories are now being Uled by several Governmmt 
information systems, and there is little question of their practica1ity. The 
Panel, though recognizing the difficulties of replacing the traditional tech
niques of communication via conventional journal., neverthel"", urges 
technical societies to experiment with central depositories, or IOIDC variant 
thereof (as is done by the American Physical Society) , for at 1east IOJDe 01 
their literature. 

e. M.c1tllnized Informlllion Processing (pp. 20-21, 34-35) . The Panel 
recognizes that mechanical equipment oll'en hope for easing the informa
tion problem. Commercially available equipment is not the remedy in 
every case; economics, size, frequency 01 use, growth rate, depth and 
aophistication of indexing must be examined in detail for each collection 
before a speeific system is to be mechanized. There is a need for equip
ment specifically designed to retrieve documents from very 1arge eolJev 
tions. The recent study under the auspices of the Council 01 Library 
Resources, recommending automation of the Library of Coogle., should be 
evalu'\ted with a view toward its implementation both as a means of improv
ing the services oll'ered by the Library and of advancing the art of automatic 
retrieval. 

d. D.ve/opment of Software (p. 35). Hardware alone is not a 
panacea for difficulties 01 information retrieval. Software, inc:1uding 
methods of analyzing, indexing, and programing, is at 1east as nee 'ry 
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for lUCCellful information ..,trieval. The Panel wishes to caU the atten
tion of the technical community to a promiai", DeW method of accee to 
the literature called the citation index: a cumulative lilt of articJea that, 
, .. boequent to the appearance of an original article, mer to that artide. 

5. U,.i/ormit., arul com/l<JlibiJil,. a'6 desi,abk (~. 36). 
Since the entift! information system is a network of separate subsystems, 

rapid and efticient switching betl>«D the different e1ementl of the system is 
_tial. Such switching will be fully effective only if the diffe...nt mlKys
terns adopt uniform practices toward abstracting and indexing. We com
mend the Office of Science Information Service (OSIS) of the National 
Science Foundation for trying, through the National Federation of Science 
Abetracting and Indexing Services, to encourage order in a chaos of non
uniformity. We believe that Government, by virtue of the 6nancialmpport 
it gives to private information services, should exert leverage in penuading 
lOCieties to adopt more uniform practices. 

B. R._nI I.' '.·'IU 10 GH., •• .., AI..n. 
We p..,face our ft!COmmendatioDS to the Federal agencies with the state

ment that Government infonnation activities must not be allowed to 
swamp non-Government activities. The special sensitivity of non-Govern
ment, decentralized information services to the needs of the Iller as weD 
as the variety of approacbe. offered by these services is p recious and must 
be pft!lerved. Support by Government does not necessarily mean domina
tion by Government but this danger must always he guarded against. 

t. Each Federal agency concern ed wilh science and lechnology mvn acce~1 

ils ,esponsibilily /0' in/ormalion aclivilies in fields Ihal ar. , elevnl 10 

ils mission. Each agency musl devole an appreciable /,actio .. 0/ ils 
'ale .. ' and olh61 resources 10 supporl 0/ in/orm.,ion aclivilies (pp. 
4411) . 

Since the infonnation process is part of the research and development 
process, agencies that support research and development in fields that a.., 
..,Ievant to their missions accept ft!SpDnsibility for supporting and other
wise carrying out information activities in these fields. Each of the mis
&ion-oriented agencies ought to become "delegated agents" for infor.nation 
in fields that lie within their mission.. In these fields the agencies should 
",aintain a strong internal infonnation system and should support non
Government information activities, always striving to blend the Govern
ment and non-Government systems into a consistent whole. 

2. To ca,ry ouI Ihese broad ,es~onsibililie , each agmcy should en_blish _ 
highly placed focal point of responsibility fo, information "/ivities 
Ihal is parI of Ihe research and developmenl a,m, nolo/ some adm;,,"
".,ive arm, o/the agmcy (~. 45). 

We Itft!ss that the technical informatioa activities of an ~ IDUIt he 
part of research and development, not part of administration . 

.. 



3. TII6 .II,ir. ".two,Ic of Gov."."..,,' i"form.'io" S)'s'.rru sho..u b6 "/It 
uruler surveillance by the Federal CoulII:il for SCUIIC6 ad T6c""_O 
(,.46) . 

We applaud the recent action of the FCST in establishinc an interacencl' 
Committee on Science Information. Among other matteR, this committee 
will be expected to prevent overlaps and omiaions as the acencies become 
delegated ageno in various fields of I(;;ence and technology. 
4. Th. various Goverllmellt alld no"-Gove,,.m.llt . ."stems must he .rticu

lGted by meallS of the following illformiJIiOll cle'lringhouses: 
a. Current Efforts Clearinghouse (n . 46-47) . We recommend that 

the Science Infonnation r.. ... change ( that provid", infonnatioo on who does 
what where ) be strengthened and that it receive separate IUPport 
rather than depending on voluntary contnoutions from the agencies it 
serves. A Technological Efforts Exchar..ge, either as part of SIE or 
working in clooe collaboration with it, should be established. 

b. Report Announcement anil Distribution (I'. 47). We recommend 
that the Office of Technical Services of the Department of Commerce be 
made a complete technicall"ports sales agency. It should be given enough 
support so that it can announce promptly and supply inexpensively a copy 
of any declas ified Government technical report. 

c. Retrospective Search .nd Refe"al Service (PI'. 47-48) . We approve 
the recent action of NSF and the Library of Congress establishing a Na
tional Technical Rderra1 Center as part of the Library of Congress. 

In addition, the National Rderral Service should maintain and make 
available a directory of Specialized Information Centen and a register 
of fonnal technical meetings. 
5. Each .gency must maintain its in'ernal system in effective worlcing order 

(1'1'.38--43) . 
The internal communication system ' based largely on informal tech

nical reports. We offer the following recommendations for improving the 
diaemination and retrieval of infonnation contained in the technical re
ports: 

a. Technical reports should be refereed or otherwise screened before they 
enter the internal infonnation system (pp. 39-40) . 

b. Agencies must insist that their contractors live up to their contractural 
obligations for adequate technical reporting. We believe that ptoprjetary 
interests IOI1leUmes serve as barriers to proper Row of informaCon. We 
recommeud that the whole matter of defining what are and what are DOt 
proprietary rights in Government contracting be subjected to a Government
wide study (pp. 41--42). 

c. Although the Panel sees no cause for alarm in the way classification is 
now handled by Government agencies, this impression is largely an intuitive 
one. We therefore recommend that problema of security and declassifica
tion be studied by an lid hoc group of the Federal Council', Committee on 
Infonnation (pp. 41--42). 
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d. Since the report literature is often poor, critical reviews of the report 
and related literature play an important role. Critical review journals 
published under Atomic Energy Commission auspices have been generally 
successful; we urge other agencies, notably National Aeronautics and 
Space Administration and Department of Defense, to undertake similar 
review ventures in fields of interest. Such review journals might well 
become a most important product oi the specialized infonnation centers. 

e. We believe that the large central agency depository should concentrate 
on being a document wholesaler, and that, whrre specialized centers exist, 
the job of preparing state-of-the-art reviews, and otherwise interpreting 
the literature, should be the responsibility of the specialized info lation 
center (pp. 43--44) . 

f. Since Illese latter activities are so important to the effective transfer 
of infonnation, we believe that the agencies concerned should actively 
sponsor and support additional specialized infornlation centers at appro
priate establishments (pp. 33, 43 ) . 

6. Problems of scien tific information should be given continued attention 
by the President's Science Advisory Committee (p. 51). 

The problems of scientific information arc very complex and Il,ey will 
coP.4in· .e to be with us. We therefore recommend III at scientific informa
tion, and particularly the balance between Government and private ac
tivities, be given continued attention by the President's Science Advisory 
Committee. 
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Part 1 

THE NATURE OF THE INFORMATION PROBLEM 
Science and technology can flourish only if each scientist interacts with 

his colleagues and his predecessors, and only if every branch of science 
interacts with other branches of science; in this sense science must remain 
unified if it is to remain effective. The ideas and data that are the sub
stance of science and technology are embodied in the literature ; only if 
the literature remains a unity can science itself be uraified and viable. Yet, 
because of the tremendous growth of the literature, there is danger of science 
fragmenting into a mass of repetitious findings, or worse, into conflicting 
specialties that are not recognized as being mutually inconsistent. This is 
the essence of the "crisis" in scientific and technical information. 

Inasmuch as the Federal Government now supports three-fourths of all 
science and technology of the United States, it bas a responsibility to prevent 
our scientific-technical structure from beeoming a pile of redundancies 
or contradictions simply because communication between the specialized 
communities or between members of a single community has beeome too 
laborious. Moreover, since good communication is a necessary tool of good 
management, the Federal Government, as the largest manager of research 
and development, has a strong stake III maintaining effective 
cOlnmunicatioD. 

The problem of course is not the Federal Government'. alone. Science 
and technology are the business of many who are outside Government: 
the professional technical societies, the u.niversities, private industry. Each 
of these communities has developed methods to cope with the difficulties 
in communication, some (notably the physical scientists) more successfully 
than others ; yet because these communication systems bave grown up in 
isolation, they too often tend to further fragment our already disjointed 
scientific structure. The Federal Government alone interacts with all of 
the clements of our information systems; it is uniquely able to examine the 
overall problem from a properly general viewpoint and to guide and other
wise support measures for unifying our communication and so preserving 
that unity of science and technology that is indispensable to their effective 
pursuit. 

Another reason for the Federal Government's interest in maintaining the 
health of our scientific communication system. has to do with the validity 
of our science. Modem science and technology cost our society dearly, 
and our society i. justified in demanding its money'. worth. Much of the 
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return from science and technology is tan~,'i ble and obviou : better defe....,. 
better food. more abundant energy. But the many technical activities that 
do not directly kad to tangible gains must also justify their existence to the 
society that supports them. Here the pl'OCCM of sci ntific communication. 
with its long tradition of ruthless self-criticism. plays an indi pensable role. 
The existence of a healthy. unified. impartial. and .ophisticated system of 
scientific communication- indeed, of scientific critici m- helps to assure 
society that the science it supports i. a responsible and worthwhile under
taking and not merely an avenue of self-expres ion for an elit group. 

The Government's attitude toward dissemination of scientific infonnation 
is necessarily affected by the influence of science upon our national posture. 
The idealistic motivation for science and the most compelling one for the 
creative individual is intellectual curiosity ; a society that ignored tbis motiva
tion would still achieve some material progres for a brief interval. but 
would have stifled tbe spark of tlle deepest human aspirations. But science 
is not pursued .olely for buman edifica tion or even for improvement of our 
social and material well-being; parts of research and of development are 
aimed at maintaining our military strength to keep the peace. Results 
from these technical efforts cannot be transmitted as freely as can non
military science and technol"!,'Y ; on the other hand. within the circle of 
military research establishments. quick. discriminating communication of 
discoveries is essential. The conflicting demands of secreey and of frec 
exchange. reflecting as they do the diversity of our technical and scientific 
goals. complicate the problem of effective communication. 

Both the legislative and the executive branches of the Federal Government 
have already devoted considerable attention to the mounting problem of 
handling information. On the legislative side. the Senate Committee on 
Government Operations and its !'ubcommittee on Government Reorganiza
tion and International O rganizations have studied the problem and have 
issued several reports dealing with it. On the executive side a previous Panel 
of the President's Science Advisory Committee (PSAC) under the chairman
ship of W. O. Baker has examined the question of whether the Federal 
Government should establish a sin Ie all-encompassing centralized science 
infommtion service. similar in scope to the U.S.S.R.'. All-Union Institute 
of Scientific and Trchnical Information. as a means of coping with the 
threatened breakdown in scientific communication. The Baker Panel con
cluded that no such d rastic action was called for at the time. but that the 
National Science Foundation's role as a coordinator of science infonnation 
services ought to be strengthened. Central to the recommendation of the 
Baker Panel was the establishment of the Office of Science lnfonnation 
Service (OSIS). The OSIS has been in existence since 1959 and has per
formed many of the functions envisioned for it by the Baker Panel. This 
Panel also urged tl .~ independent professional societies to participate aggres
sively in an expanded science and engineering communication system. 
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The scope of the present Panel study is somewhat broader than that of the 
earlier PSAC Panel since, among other things, the pi_nt PaDel can __ 
how the earlier recommendations have turned out. In addition to cocWder
ing the role of the Federal Government and the relation between the Federal 
Government's information systems and the non-Government systems, we 
have t ried to examine the scientific communication process itlelf : how 
information is generated, stored, retrieved, summarized. Our report and 
recommendations are addressed therefore not ooly to the Federal agencies 
but also to private agencies, and to individual working scientists and engi
neers. We hope to apprise scientists and techn010gists of the current in
formation problem and to arouse them to penonal as weU as group action in 
dealing with iL 

A. HOtII MMeb CotrI-.kMiotll, NHtUtI? 
Everyone engaged in science-the working scientist, the scientific ad

ministrator, the head of a scientific agency-recognizes that scientific 
communi tion is necessary; the. question is: how much is necessary? To 
expand an information system or to establish one where none now exists 
takes money and manpower. Since there are no unequivocal criteria Cor 
deciding what is a sufficient information system, why sbouJd one decide to 
spend more on communication, especially if it means spending less OIl some
thing else or if one's efforts are useful mainly to someone else? How does 
the head of a Federal agency decide the appropriate size of his information 
service? How does a professional society through its publication committee 
decide on a new journal? For that matter, how does a working scientist 
decide whether to spend more time in the library? Because of the elusive 
quality of scientific communication, because there are few criteria available 
to decide how much communication is enough, such decisions are generally 
made intuitively if not haphazardly. To the working scientist or ensineer, 
time spent gathering information or writing reports is often regarded as a 
wasteful encroachl .. ~nt on time that would otherwise be spent producing 
result! that he believl's to be new. To tile scientific administrator, the need 
for scientific communication is one of many competin~ need<--to be weighed 
against the need for additional computing equipment, or for ~ scientists, 
or for more stenographers. 

It is no won1er that the scientific administrator, especiaUy at the highest 
level in Government, so often fails to be impressed with the urgency of the 
communication problem or with the necessity of spending more to improve 
the situation. He is importuned on every hand by professional specialists 
to each of whom the situation in his specialty appears to be in a state of 
crisis that can be eased only by more spending. Communication is only 
one such professional specialty ; it suffers by comparison with other sen ices, 
such as, say, computing, in that the output of a computer as a rule demon
strably affects the course of a technical enterprise, whereas the output of an 
information system usually affect! the course of a technical enterprise Ie. 
directly and over a longer period. 
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We have been unable to make much progns in deciding bow much 
communication is about righL Evidently, some knowledge is better re· 
created than retrieved. For example, most scientists recompute the square 
of a number rather than looking it up in Barlow's Tables. On the other 
hand, even in a weU-equipped laboratory one would ordinarily look up the 
melting point of LiF rather than measure it. Thus the question 01 when to 
re-create a scientific result and when to we the information iyltem is a 
matter of relative cost and familiarity with the iyltem. A scientist resorts 

to the information system if he believes it is easier, or more illuminating, to 
consult the written record rather than to do the experiment himself. Yet 
the scientist's own ·timate of what he wants by way 01 information may be 
inconsistent witll what he should have to pursue his work most effectively. 
The _nomalies of our information system have conditioned some scientists 
to active resistance to being informed. 

An operational analysis of the process of technical discovery made by the 
Panel suggests that the individual theoretical scientist will, on the average, 
maximize his overall productivity if he pends half of his time trying to create 
new scientific information and half of his time digesting other work and 
communicating his own. This result seems to be rather insensitive to the 
values of the parameters that were used to cbaraeterue the processes of 
infonnation retrieval and creation. We would therefore , uspect that math. 
ematical models of similar flavor might duow some light on the qu tion of 
how mueh effort ought to be put into an infonnation system, whether an 
individual's, a professional society's, or a Gov m ment agency's. But this 
is a speculation that further work can verify or deny. In the meantime, we 
have only commonsense to tell m that considerable effort- in most casn 
more than is now expended- mmt go into scientific communication, and 
that the effort requin-d will grow. 

B. GOtNI S~;/i& Co •• ..uMiMI II No S.I","III. 1M GOtNI "....'e. -Becawe infonnation about what is going on is necessary fur making man· 
agement decision., improvement in scientific inform3tion systems i. some· 
times represented as a panacea for bad management of research and develop
ment. Though it is true that poor management can and does occur with 
the best of communication system., poor communication almost alway. lead 
to bad management. 

We belabor this point becausc some articulate and concerned pokesn.cn 
have, at least by implication, confused the problem of communication with 
the problem of management of research and development. In some di • 
cussions of the advisability of establi.hirr; a .ingle Department of Science, 
deficiencia in the JCientific communication system have been in.·clted to 
help justify the merging of all Government science into a ingle department. 
But this is surely an oversimplification of a perplexing probl m. Wheth r 
bringing the Government's total information system under a single organiza. 
tional roof would improve communication is in the fint place conjectural ; 
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in any cue, even if the desired improvement were the.eby achieved, better 
management of raearch and development would DOt automatica1Jy follow. 
Infonnation is one of many tools that the man..- 01 reoean:b and ~ 
ment mUlt have; the :u. to which be putl the infonnation- incked, the 
diligence and responsibility he shows in unearthing needed infonnation- is 
determined only by his own skill as a manager. To expect miracles 01 
management to follow from centralization 01 the infonnation system is 
unjustifiably optimistic, especially since many important aspects of ~rch 
and development management are, and must remain, decentraliJed. 
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Part 2 

AITP'BUTES AND PROBLEMS OF THE INFORMA
TIO,~ TRANSFER CHAIN AND OF INFORMATION 
SYSTEMS 

The information problem i nl.~ny parate problems becauJe the informa
lion pro<: is many separate proc . Mo~-.:r, information is handled 
in many difTerent rru, and each information em sen-eo many differenl 
communili , each with iu 0\ n interest! and outlook. In this part of our 
report we hall <bcribe oome altributes, and the corresponding problem., 
of inform:ltion proc 'og and of the systems, gowmmental and nongov
ernmental , thaI have 'oJ-'ed to handle ",ientifi and hni al information . 

ugg..-nio for !(lIving the problem , both by indi,·idual and C emment 
a lion, will be con idered Iter. 

The b i scitnti I. the tl"Cbnologist. and the admini tralor th di men-
i n. and nature of the sci ntili communi ation problem differently. M t 

b ic scienli u coniine thei r int r u to one or a few rath r narrow pecial
ti",, ; th u t nt of ch ialty i. larg I , d t nnined by lhe efl'ecli~ne5 
of the scient' t's communication tern. If communication wilh a neigh
borinl\' field bec~ too difficult, the ba.ie ",i ntin imperceptibly n rrows 
hi int = t 10 lhme malten on whi h h belie ,''''' he can k""p h im.eif in
f rmed. Thu th inf nnation d il"mma appe n relatively remote to the 
bic scif"nti t . Rut ~'('n in ic Kien , narmwing or th !lCi~nt.i (I 
i nt~r t. i a da n roll cour.e. w ha .... e a l .... ad said, .d"n~ i. really 
ind i .... i ihl ; if it fragmenl into a hoot of wholl uneonnected pee;"lti"" each 
pecialty na"",,;ng and the number f pedal Ii in<rea. ing with time . .a

r nee an i trument for probing nalur. will IW" greatly "eakened. M"",
"'- , in pit of the t c"'- to proper communication, mod rn scitnu t.,oo 
to ~ ~ and more inl rconn ted. Though a ",ienti t c:hoosct 10 

na rrow hiJ pedahy. ""i nee ilOt'lf creal an r-in re iog number of pa
tential point.! of contact belween the ""wntin' narrow peciah and t .... 
• urrounding fielc:iJ. • time goe on,.... ful pun uit of a narrow recially 
requires cfl'Ktive conI t with more nd more div"",, pam of the Ih rawre. 

The technologi 1 i at the oth r lreme from the basic .aenu.t. He 
rannot afford t luxury of accommodating Ih ize f hi field of inter t 
to what hi, inf nn tion . 1= can handle. H i job i to ~ign a rocket 
or a communica tion t m or a re tor, and hi n o tomer will no( be lati .. 
fled with inadequate d ign '-'au oomf' knowled .. was ou l of his ~Id. 

He mml be receptive LO cu from all field of . nee and t nofo«y. He 
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ignora reJated art at great peril, ~pecially when the hardware that he cre
ates is expensive. The problem of information access falll upon him more 
heavily than it does upon the basic scientist. 

The information needs of the technical administrator overlap those of the 
scientist and the technologist, but the emphasis is different. He too mUit 
encompass 1arge segments of technical information ; yet the manager needs 
DOt only the technical raults ol a given investigation but alao knowledge of 
what is being done by whom, and who is available for doing what. This 
kind of information we ahalI call "scientific intelligence." At every level 
of management, either in Government or in a raearch organization, scien
tific intel1igence is used by the administrator when he draws up a research 
program, propoees a new project, or decides to cut back on an old one. 

In a sense, every individual scientist or technologist is a research manager. 
At the beginning of a new research he mUit decide on his strategy (including 
a1location of his penonal resources) ; he mUit even decide whether or not 
to do the research. In making such judgments, he too USCI scientific intel
ligence; lince these judgments ate divided among so many more people than 
those made by the full-time research manager, his needs for scientific intel-
1igence, though equally important in the aggiegate, are not so clearly felt. 
A. Til. 1_/01 rio_ T,_I" CNitJ 

The information process comprises separate step or "unit operations" : 
generation, recording and exposition, cataloging, storage and dissemination, 
retrieval and exploitation by the user. Since the steps are linked in the 
sense that the later lteps depend on the earlier, the entire information proc 
is chainli.ke; we ahalI call it the Information Transfer Chain. The fint 
two step in the chain--generation, and recording and exposition- are per
formed by the technical man and the organizations that support him, the 
lat.er step by the profeaionai documentalists and the organizations that 
handle information, as wen as by the U5Cf1. 

The information chain operates like a switching system. The ultimate 
aim is to connect the user, quickly and efficiently, to the proper information 
and to only the proper information. But perfectly precise switching is 
neither possible nor desirable. One cannot define in advance exactly what 
information is proper; the switching systcm must always allow for some 
hrowsing in neighboring areas. Moreover tile c"/llUity of tile "Set to "bso,b 
i" fo ,matio1l limits tile system. Evidence is accumulating that the amount 
o( scientific literature the use.r will pay attention to is limited : onc survey 
conducted by Biological Abst,,,cts ""ggt'Sts that on the average a biologi5t 
can scan journals or titles or abstract. involving 5,000 papers per year. 
Thus the information switching system, to he effective, must be more than a 
pas ive switch: it must select, compact, and review material (or the indi
vidual uscr so that he actually assimilates what he is exposed to, and he is 
not exposed to too much that ;. unimportant or irrelevant. Ita fundamental 
task i switching i1lform"tio1l, not documents. 



Most of what is written about the infonnation problem is concerned with 
the later lteps in the infonnation transfer chain; that is, analyzing infonna
tion for the purpose of identification, placing infonnation in ita proper 
place in a classification system, storing information, alerting, and matching 
stored information with requests for information. The elaborate automated 
systems described in the popular press and the art and science of Iibrarian
ship are con""med exciusively with these later steps in the handling of infor
mation already generated and not at all with the initial generation of infor
mation. It is our belief that the infOrMation problem is aggravated by this 
separation between what is done by the documenta1ist and what is done 
by the author : that the earlier and later steps in the chain are not as scparate 
as tradition holds them to be, and that improvement in the former, especially 
with a view toward subsequent retrieval, would undoubtedly ease the latter. 

B_ Til. 1_/_;_ Process lIS P., O/IN Res...-cll Process 
Carrying further the thread of argument of the previous paragraph, we 

come to perhaps the most essential attribute of the information process : 
the information procell is "n integral part of research and development. 
Research and development cannot be envisaged without communication 
"f the results of research and development; moreover, such communication 
involves in an intimate way all segments of the technical community, not 
only the documentalists. The attitudes and practices toward information 
of all those connected with research and development must become indis
tinguishable from their attitudes and pract ices toward research and 
development itJeif. This is the central theme of our report. 

We place special stress upon 'hat seen-.s an obvious point because, in the 
early days of science, the problem of communication could be manag.:d 
ca,..ally. Each individual scientist could work out his own private com
munication s)'5tem, suitable to his own needs, and, since the requirements 
were relatively small, the whole matter could be treated rather incidentally. 
But with the growth of science a casual attitude toward communication can 
lead only to insufficient communication. Scientists individually, technical 
societies, agencies supporting research and development, will have to recog
nize that adequate communication no longer comes free. Communication 
cannot be viewed mere.ly as librarians' work ; that is, as not really part of 
science. An app iable and increasing iraction of science's resources, in
cluding deeply motivated technical men as well as money, will inevitably 
have to go into handling the information that science creates. 

Science can ultimately cope with the information expansion only if enough 
of its most gifted practitionen will compact, review, and interpret the litera
ture both for their own use and for the benefit of more spe ·ialized scientists. 
The Panel believes that such activities may eventual ly achieve a JlO"ition 
in the science of the future comparable to that of theoretical physics in 
modem-<lay physics. Recognition of the importance of such scientific mid
dlemen is discernible in the proliferation of the so-called specialized infonna
tion center where information is digested and interpreted. The Panel views 
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the specialized information cent r as one key to ulttmate roolution 01 the 
scientific infonnation crisis. 

C. TIH DiSNPU-·MMn- Pm "., 
Infonnation generated for one purpose is often useful for quite different 

purposes. The documentalist is therefore faced with a difficult problem 01 
classification : according to what fundamental scheme ought he to label a 
segmt'nt of knowledge so as to make it available to all who need it, yet avoid 
redundant announcing, abstracting, and identifying? 

Scientific knowledge, by the middle of the 19th century, was divided into 
c1assical disciplines such as chemistry, phY'ics, physiology, etc., each with 
its own communication sy>tem. As long as there were few points of contact 
between the disciplines, each disciplinary system operated in fairly strict 
isolation from the sY'tems of other disciplines. As lCienee has become inter· 
disciplinary and as the literature has grown, the weakneues in the strict 
disciplinary c1assifieation of knowledge have become apparent. Chemists 
as well as physicists u~ information on the infrared spectra of hydro
carbons ; abstracts of the same articles on infrared spectra began to appear 
therefore in both ClaemiciJI Abstracls and Physics Abst racts. The secondary 
literature expanded, and thus added to the information problem. 

the growing !mportance of interdilciplinary fields has caUJed some dupli. 
in information sY'tCIDI. However, much more overlapping has reo 
from the extraordinary growth of mi5lion-oriented science, ClIpecially 

e supported by Government agencies with fairly well-defined missions. 
Thus arch and development supported by the National Aeronautics and 
Space Administration furthers the applied mission of the ageney; namely, 
the ex~ration of space. The work itself falls into almoet "II the traditional 
disciplinary fields--cllcmistry, pbysics, astronomy, biology, etc. The worken 
in the fiCld are space scientists or engineen, dedicateO to achieving the mis
sion of NASA; they are also rocket chemists, guidance physicists, weight. 
lesse. physiologists, and the like. The information collected by ~ 
divene specialists very properly should be collected, diaeminated, and con· 
trolled in a mission-oriented (in this CUe, space) infonnation system, since 
what the physiologists learns about weightlessness affects the engineer's 
design of a~aee eapsule. But the knowledge discovered by the phY'iologist "bout wcig t1essneu is also useful to the basic phY'iologist ilterested in the 
kinesthetic nsory system. The basie physiologist is not lJ.e1y to read, nor 
should he expected to read, the space literature; hence the information 
contained in the mision-oriented NASA system must also appear in the 
discipline-ori ted Ameriean PhY'iological Society syotem. Obviously the 
situation is iproeal: in many cases the information originating in the 
discipline-o · ted 'Y'tem must also find its way into the mission-oriented 
sy>tem. Thu we recognize a fundamental mission-discipline duality in in· 
fonnation l)'5t I that is familiar to all who have worked in a large labor· 
atory where a ated duality often goes under the name of sy>tems-oom. 
ponents. The technical community iudf h.. lesponded to the million· 
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discipline duality by organizing itself into horizontal discipline-oriented 10-

cieties such as the American Physical Society and into vertical mi ion
oriented societies such as the American Rocket Society. A physicist working 
on rockets will ordinarily belong to both the American Physical Society and 
the American Rocket Society. He will communicate the same results to his 
colleagues in both societies, in the one case flavoring his communication with 
more physics than rocketry, in the other case with more rocketry than 
physics. 

The mission-discipline duality, even though it has evolved gradually and 
is inherent in modern scientific communication, imposes many complications 
upon the information switching system. In the fint place, it implies a 
duplication of effort, albeit a necessary duplication. The same individual 
must often present his paper twice, once to his discipline-oriented colleagues 
and once to his mission-orientrd colleagues. This places a burden not only 
on the communicator but alst , after publication, on his ultimate audience. 
For the literature has now grown by two papers instead of one, and 
retrieval has become more complicated. Secondly, the compacted litera
ture-that is, abstracts, keyword indexes, titles-of the one system must 
eventually appear in the other. This inevitably introduces delays. Finally, 
even though a mission system overlaps with several discipline-oriented 
systems, the overlap is incomplete. Would the physicist interested in nuclear 
structure find bettpr coverage in the nuclear section of Playsi<,s Abstracts or 
the physics sectio!. of Nuclear Science Abs/racts' Not knowing the answer 
a priori, many physicists consult both. 

The mission-discipline duality also raises fundamental questions con
cerning the Government agency information systems. Government agencies 
usually have fairly well-defined applied missions. Presumably all the 
technologists or research and development administraton who work for the 
agency are united by a single interest-achievement of the agency's mission. 
For this technical audience, held together by a common purpose, a mission
oriented internal information system run by the Government agency makes 
good sense. But what about Government agencies whose mission is so 
broad (as for example the Department of Defense) as to comprise almost 
all science as well as many, many sub-missions? What of the Government 
agency such as the National Science Foundation whose primary mission is 
support of basic research in all fields? In the case of the National Science 
Foundation, just who would be served by an information system, complete 
with abstracting s..-rvice and bibliographic controls that covered only those 
parts of basic research that are paid for by NSF and almost every useful 
item of which would ultimately appear in the standard disciplinary systems? 
Source of support is no valid criterion for bibliographic classification. Aside 
from the practical fact that agency systems are usually quicker than dis
ciplinary systems, information systems based on the criterion of source of 
support can have relatively little use to the basic scientist unless the source 
of support is so broad that the information system brings the great bulk of a 
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lcientific field under its control. Thus the NSF supports only a small pan 
of all the American work in nuclear physics, and an information system that 
covered only what NSF supported would be of little use to a nuclear 
physicist ; on the other hand, AEC supports most of the country's work in 
nuclear physics, and an AEC information system, especially when not whoJly 
confined to AEC- upported research, can be quite useful to the nud 
physicist, both inside and outside AEC. 

But there are other than purely scientific uses to which Government infor
mation systems are put. To the administrator, research and development 
manager, company trying to get a contract, or congressional investigator 
who wishes to know what is going on-not because he can make detailed 
scientific we of the material but because he needs the information to form 
management judgmenu.-such collections of information are invaluabl . 
The collection, howe'l"!r, is then being used as a source of scientific intelli
gence, not of scientific information, and cught to be 10 recognized. Many 
research institutions as a matter of custom and etiquette periodically pre
sent their work as a whole, even though the work lies in many different 
fields ; such "reports to the trustees" are traditional in the scientific world . 
To some extent the agencywide information system, especially in the basic 
sciences, is a continuing report to the agency's management, giving the 
management an idea of what is being done by whom. As an effective 
bibliographic tool in the basic sciences, such reports, because of their limited 
coverage, are at a serious conceptual disadvantage. 

The ageneywide system generally has much more validity in technology 
than in basic science, since technology· itself strongly mi ion oriented and 
depends upon many disciplines. An information system oriented around 
the same mission as the technology is therefore natural and proper. More
over, the technological li terature generally is less well organized than is 
the purely scientific; technological literature, being often in the form of 
informal reports, may find no bibliographic home outside an agency infor
mation system. Were they not collected in agency systems, many specialized 
technical reports would never be recor<led and would be lost forever. 

D. Tb. R.lIIIiMI Bet"'_ tbe VmOflS I_f_iMl-HMIIIliflr C __ -
,,;1Hs; F~ Pro~ 

The diversity of information sy terns raises many jurisdictional, and finan
cial, questions. As we have seen, information is generated and handled by 
many different commun;!!es : the technical societies, Government agencies, 
private publishers, technically oriented companies. The functions of many 
of these organizations overlap, panly because some of the groups are 
organized around a mission and sorne are organized around a discipline, 
partly because in a free society, overlap and blurring of sharp lines is 
inevitable. Thus some Government agencies act in many respects like a 
full-fledged technical publishing house. For example, AEO arranges for 
the publication of boob, monographs, and journals that it deems to be 
relevant to atomic energy. Ag:> n in the field of atomic energy, paraIlel 
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publication efforts have been launched by numerous private publishen: 
in English, there are now three series of mor - mic energy of 
which one is originated and partially subsidized by AEC, two are issued 
by private publishen. Similarly, where a mwion-oriented technical society 
has sprung up to meet the requirements of people working for a given 
Government agency, the communication programs of the technical society 
and of the Government often overlap. For example, when all of atomic 
energy was classified, all communication in the field- reports, meetings, even 
joumals--was published by AEC. Now that large parts of atomic energy 
are unclassified, much of the communication process has been taken over by 
the mission-oriented societies that cluster around atomic energy-the Ameri. 
can Nuclear Society, the Health Physies Society, the Radiation Research 
Society, the Society of Nuclear Medicine. But the takCO\'er is not com· 
plete; AEC continues to keep the whole literature of nuclear science under 
bibliographic control, and to provide other information services that are 
not available from non·Governm nt !Ources. 

Overlapping of private and public services, in this case information sys
tems, is traditional in our society. Can we identify criteria according to 
which we decide which segment of the information system ought to be the 
Government's direct responsibility, which parts ought to be subsidized by 
the Government but remain under private control, which parts ought to be 
completely private? The Government agency information systems have 
evolved without any Government·wide policy concerning the relative roles 
of the private and public enterprises, and lOme guidance on this tricky illue 
is needed. 

Many Government information systems are better financed than non
Government ones---at least the Government is often better able to absorb 
the expense of an information system that does not visibly pay its own way 
than is a private institution, e.ither profit or nonprofit. In the hands of 
a vigorous informaL on system director and a sympathetic agency admin 
istrator, Government information systems therefore could well be more 
expansionist than are the non·Government ones, and this expansion by 
Government could aggravate the financial distress of the non-Government 
systems. We must ask whether such encroachment exists, and if it does, is 
it, on the whole, desirable-is the overall result a more effective or a less 
effective information system? 

Not that the financial distress of Our non-Governmcnt information or
gans is in any real degree caused by Government competition; the main 
cause is that the volume of information has grown too fast. Chemical .Ab
slra," in 1930 contained 54,000 abstracts ; a private subscription COlt $7.50 
per year, an institutional subscription cost $12 per year. In 1962 Chemical 
.Abstracts published 165,000 abstracts and the 1963 price will be $500 per 
year to American Chemical Society memben and to colleges and uni
versities, and $1 ,000 per year to all othen. Though these priC"l fully pay 
for publication of Chemical .Abstracts, they leave nothing to pay for badly 
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needed experimentation in new ways of abstracting and indexing chemical 
literature. Insofar as the Federal Government is the main sponsor of both 
basic and applied research, it has responsibility for the financial viability of 
the communication network whether it is within or without Government: 
if Chemicill or Biological Abstracts were about to cea!e publication because 
they had no money to continue, the Federal Government could not idly 
stand by. 

Finally we come to a most delicate, an!i perhaps crucial, issue in the 
discussion of the relative role of Government in the technical communica
tion system. The traditional communication channels, organized genera1ly 
by discipline, are strongly under the control of the practicing technical 
people. A communication system controlled by the people it serves may 
in some respects be less efficient than a monolithic government system ; it 
has, however, the overriding merit of being sensitive to the needs of its 
customers. It was as much as anything to preserve this essential quality 
of the present rather haphazard information system that the Baker Panel 
recommended against establishing an all-encompassing, Government
operated information system in which control, however well meaning and 
beneficent its intent, is removed from the practitioners. Much thoughtful 
attention must be given to the point raised by the Baker Panel before one 
embarks on a great expansion of the Government's own information system. 
Nevertheless, we must recognize that our primary concern is to maintain the 
strength of our science and technology. We mwt search for the means by 
which we can improve the efficiency of our communication system without 
sacrificing the values inherent in OUf traditional methods and organizations. 

E. Tin Etllng .. _ 01 ,II. R'i'Orl ..J Prqw;.t LiHr ..... 
To many professional librarians, especially those who became librarians 

before informal research and development reports assumed their present 
dominant position, the technical report ia the crux of the current information 
crisis insofar as the Government is concerned. And the profellional li
brarian has real cause for alarm. A~t 100,000 informal Government 
reports, of which 75,000 are unclassified, are written each year in the United 
States as compared to 450,000 papers in standard American technical jour
na1s. Material that appears in standard journals iI kept under bib1iographic 
control; it is generally abstracted and made part of the permanent record. 
This is too infrequently the case with =earch and development reports, 
most of which record work done for the Government either in its own 
laboratories or under contract. The documentation community has taken 
an equivocal attitude toward informal reports; in lOme cases the existence 01 
these reports is acknowledged and their content abstracted in the abstracting 
journals. In other cases informal reports are given no status; they are 
alleged to be not worth retaining as part of the permanent record unIeil 
their contents finally appear in a standard hard-copy journal. Whether 
this position is tenable even in the basic sciences is open to question; it 
certainly is no longer tenable in technological development. Here the in-
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formal report, rather than the formal paper, has always been the main 
vehicle of publication. MOlt companies doing development had fairly 
elaborate internal report systems long before the war-born deluge of Gov
ernment reports. Because so much development is now done by Govern
ment, a large fraction of aU technical, especially development, information 
is now contained in the Government report literature : what was a minor 
problem when Government development was minor has become a major 
headache now that Government-sponsored development dominates aU 
development. 

Some basic scientists see in a variant of the formal report- the preprint
the beginning of the breakdown of the basic-science communication system. 
In many highly competitive, fast-moving fields of basic ICience, such as 
molecular biology, the machinery of publication in standard journals moves 
too slowly to serve fully the needs of the scientific community. It has there
fore become customary for ICientists to circulate ",eprints of articles among 
their colleagues. Such informal circulation, which harks back to the earlicst 
days of science when new results were communicated by penonaI letter, 
has the advantage of speed. But it also has within it the leeds of serious 
disorden for science; for such distribution of scientific knowledge is con
trolled neither with respect to content nor bibliographically (to the point 
where many librarians are unaware of its e.xistence). The distribution Ii t 
for preprints usually consists of a few hundred of the author', colleagues, 
and this militates against the publicness of science. A preprint does not 
have to pass a critical referee ; the preprint "literature" is therefore irre
sponsible, and cannot serve, as does the refereed literature, to USUTe society 
that the science it supports is a responsible enterprise. Altogether the pre
print system has created an information problem in some parts of basic sci
ence which, in its way, is as serious as the problem created by the informal 
report system: in both cases the product is unedited ; it is pri
vately distributed ; it is not abstracted ; and it is difficult to retrieve. The 
scientific community must devise ways of retaining the timeliness of the pre
print and yet reducing its privateness and irresponsibility. Rapid publica
tion of preprints in standard journals and discarding of preprints that have 
been already printed are practices that would obviously help. 

F. Dft"Iop_ of l_formMiOfl-H...Jlht Tuh.olo" 
The growth of published information has fostered the in·,ention of many 

new handling and searching techniques and concepts. Best known are the 
retrieval systems based on automatic machinery. In addition, there are 
imaginative new ways of listing titles; for example, permuted titles, * of 
gaining access to the literature (citation indexes), of preparing abstracts 
or translations (by machine), of compacting the physical size of tbe n:cord 
(microfilm and microfiches), of duplicating printed material. 

• 'I'he earliest reference found to this principle appean in A. Creltadoro'. Art 0/ 
Moki_, Cololo,s of Lib,.,ios, London, 1856. 

20 



The invention of the new retrieval methods is beginning to aft'ect our 
traditional modes of communication. The traditional forms of the book, 
journal, and reprint may eventually give way to the machine storag<' of 
graphical and digital information and machine-generated copy. The tech
nical publithing busineu may gradually be transformed into the info,rflGtion 
nandli"g business in which the printing press as a means of rnaso production 
of identical documents no longer plays a dominant role. 

The mechanical devices are divided into two types. graphical and digital. 
The former handle photographs of documents di= t1y, and they require 
human interpretation (i.e., reading ) to retrieve the information contained. 
The devic.,. which handle information in digital form cover a wide spectrum. 

At one extreme, the automated index compacts the intellectual content of 
a document into a few index or keywords that are stored in the machine. 
Thne systems can retrieve mcchanically the desired information if the 
query can be represented adequately in such primitive terms. However, 
the human effort required to index in d pili any significant body of infor
mation (e.g., to,OOO man-years of work by B.S. chemists would be needed 
to index all U . . chemical patent ) is a serious shortcoming of such system. 

At the other extreme, the whole te.x' could be put into digital form, say 
from the monotape used to prepare a book. Practically nothing has been 
accompli hed in developing adequate search strategies for purely mechani
cal retrieval from such a store, althou h there is likelihood that such methods 
will be developed in the next decade. 

A characteristic of any n ntrivial information retrieval system is the large 
,·olume of information in terms of bits of storage requi"-<l and the small 
amount of processing (relative to numerical data processing). Equipment 

, directed to these characteristics i not yet availablp, although it is technically 
feasible. 

Because moot of the schemes and devices for handling information are 
so new, their litnitations are still not fully understood ; in particular, it is 
not usually appreciated that the new systems generally retrieve documents 
rather than info,mation . The proponents of new systems often urge them 
on the information community with zeal and enthusiasm, and the docu
=ntalist or administrator must decide how much to accept and how much 
the rcj~ct. Elaborate automation systems have been bought both within 
and without Government before the real usefulness of the systems has been 
asscsscrl. It will therefore be important to understand the promise and 
limitation of automatic information retrieval systems. Administrators and 
documentalists will have to improve their grasp of modem information
handling tcclmology so that they do not look upon elaborate and expensive 
computers as magical panaceas (or their information-handling woes. 

G. The SIIIth.I 
The size of the information problem as well as the developments in 

information-handling techniques place new burden. upon the student. 
He must learn much more about his subject and he much learn more about 
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how to keep in touch with his subject than did studentJ 01 earlier ~lIera

tions. Would we not ameliorate the information problem if we required 
each new scientist or technologist to undentand the techniques 01 commu
nication just as we are beginning to require him to undentand computer
technology? Counes in the use of literature and in technical communica
tion have been sporadically offered in many tchoob ollCimce and eD(ineer
ing. Would more such coones and further modernization 01 coone content 
help to keep up with new technologies? Theoe questions will be pursued 
in Part 3 of this report. 

"- IfII~ Art.d. 0/ SNftlil" 1./.. .,; •• 
Finally we touch briefly on problems created becawe science and tech

nology are international enterprises. Historica1 accident has f~ntcd 

the world politically, and this Iitical fra~tation is funda~tally 
inconsistent with the unity of science. Nevertheless scientistJ bave through 
the yean developed rather effective methods for OIiocomi"8" their political 
and geographic isolations-they have formed international unions, they 
exchange reprints, they hold many international meeting!. But the bur
geoning of science has complicated the workingo of the international imln.
ments that have grown up to help scientists in one country exchange views 
with those in another. All the problems that beset dom~tic communica
tion beset international communication, but with certain additional com
plication; most obvious is the divenity of languages. Con iderable progress 
is being made in machine lranslation of scientific malerial, and the Panel 
believes that machine translation may reduce the need for ... .aming languages. 

Geographie fragmentation further complicates the mission-diJcipiine 
duality: IUperpoeed on the information systems organized by mission and 
diJcipline are information systems organized by grog. aphic division, and 
switching between the syslems i. cumbersome. Thus each of the atomic 
energy commissions-the French, the British. the Ruuian, for example, as 
well as the American-has ils ('WJl information system. Unclassified 
reports generaled within the French and British, and to some extent within 
the RU!lSian, systems are eventually collected and abstracted in the American 
system, and vice vena ; but the foreign reports sift into the domestic Iystem 
relatively slowly and there is much duplication. What is true of the atomic 
mergy information system is even more true of information systems in fields 
that have a long tradition of independent national publication: there is 
overlapping, duplication, and general inefficiency. A Itep toward improve
ment worthy of itudy would be to establish a number of technical deposi
tories abroad, comparable to the 12 regional depositorics being eslablished 
in the Uniled Stales with the cooperation of the Department of Defense, 
National Aeronautics and Space Administration, Atomic Energy Commis
sion, and National Science Foundation. These centen furnish convenient 
facilities for reference to Government reports, and would help unify our 
existing information facilities in many countries. 
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One upeet of the international communicati.. tyItem liva it a unique 
impor1&DCe. Science u one of mankind's N'4!\1DOC\ ~ drnakiDp baa pat 
potential .. a p>eTacor of internationaJ iood wiD. The inermational 
ecieDti6c orpniations, like the internationaJ uniom, wen: oripWIy created 
to cope with the problem olscientifie communication ; and, in senecal, inter
national eooperation in the sciences bas meant primarily coopI!ratioo in c0m

munication of scientific raul... Any further raliooalWation of the interna
tionalsystem of scientific communication will go risht co the center 01 the 
whole matter of international coop".tion in science and wiU have a cone
sponding effect in fashioning science into a Itto"su instrument of inter
national understanding. 
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Part 3 

SUGGESTIONS : THE TECHNICAL COMMUNITY 

IJl the ~OUI oectioo we identified lIevuaI iii- I.ed ph. I • ~ our 
informatioo ~tmL In this and in the next _.jon we a/f", • a " _ to 
the _bnical community and 10 ?he Govamnmt ..,ac. for CGi,w:u., 
_ ~ the defic:lencies we have identified. Our. a ioeI to the .... 
nicaI co'""nunity will be concerned -'Y willi ... tiooali . • the iBfonn .... 
lI'aDIfer pi 0Cdi ibelf intof ..... ;hi pi 0Cdi depends on ?he writtm, ratt
thaD the .... en. word ; our sugestiont 10 the ~ wiD be aimed 
at ~ the Government orpnizatioel that haacIIe illformatiaa. 

A. AMttm"'" k~." lItWn ho,. 'UW, Iw..,.. r'1 • hI'" 
We have teen that the information transfer chain can be eplil ~ tt.c.e 

puts carried out by the author (initial..,..uatioo) and tt- pai1I carried 
out by the documentalist and the UIeJ' (djoormjnaUoo, cata\oPlc. _ ace • 
and retrieval). Traditionally. autbon have a-emed little, ijl wihjlity for 
?he later IiAb in the illformation tranaf", cbaiA. Tbialharp ~tioe ~ 
bib ..,avalel the difticultia ~ informatioo retrieval : autbon oupt to 
prepare their papers wi;h much __ .... tive rqard for .ihwqo_t __ 
lelllination and .ebie .... than ba been their a_ The maJI8Ieft ~ pri
mary publicatioo (editon, publiohen, tecbnicallOcietia) _ iii .ioe do 
their put 10 eaoe retrieval 01 the information they p,bJioh 

The individual author can help in many ways. TbUi the title 01 a 7Iech
nicaI paP'" should be one 01 the aimplett and _ efrec:tive ckvices for 
announcement and retrieval; yet titleo, particularly 01 patent?, are olts 
meaningleli. The .... ue of a title .. a biblqrapbic de.ice ckpusda GIl 

bow well, and bow IUccinctIy. it con.~ the Iei* 01 the paF I L Authon 
abouId \lie spttific and meaty worda that would be jIOIitMly belpIW 10 a 
penon trying to judse the content 01 a paper from ila title. We I • joumaI 
editon, and patent examinen oIten demand !hat jIOOil, wri_ P"I Ii or 
patents be rewrittm; they mUll demand !hat jIOOi I, titled p"r I Ii or p"teDts 
be retitled. 

CIoIeIy related to titles are "C)WCHeII and thl 1'1"" d 'ficatioel Maay 
journals now require their autbon 10 label their articles willi \e).OIe11 .... 
from an usignecI tbeaaUIUI. ID _ 6e1ch, notably D leu IjI«b • """ 
?he data fall into such _JkWined and utWarying u?qOI iea !hat authon, 
by uaiping keyworda. can provide a very oomplete index to the conleDt aI 
their paperL Even in such broad 6eIdI .. entit-u., a-,wOId i.,h. 
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II ~ willi ( ..... ·k..,. M!C'N'II The Americaa IJIItitu. 
of CMmic.1 EnP-n _ requireI .,_cit OIl eKb article. aad tile 

""il ! 1/ Joint COl • dill ~ aa ~ tt-a..... Some liddt, 
npeciaIy tIM. that h.a .... --. in&erdilc:ipliDary implication. do not lead 
~ ..... weIIlD .,word d atlioc&tioeI j •• utlle .... tile utility 01 by
wordt, puUaa1arty fOl' retrieval by COIftJ'I*r. eeccura their wiJ!II 
po ·He ... 

What II true of tilks and Iiqo ... cit II aIIo true of abetracU j no one can 
abecnct All article at eco ...... i ... lly .. CM tile author j ~ many jounWa do 
not require aa author abott¥t. We -ad ...... that every paper be 
8CC111Dpanied by All author iIbIcract that II ac«pIAbIe to the editor of tile 
joumaI, aad that each editor insist (perbapi by detached reviewios) OIl abo 
IttaC1I tile form and cbArx1Cl'iltiD of which best _ the wen in tile 
partic:uIar field IeI'Ved by tile jouraal 

.. Us F sF, ra •• ' 1'1. li't .111 f 9,' 

A simple but urpt lUaeotion to auiMn it to ",frain fiOlll unnec_'i)' 
publication. The litenture has been and always wiD be cluttered willi 
poor and redUDdAnt articles. In final analysis the quality of what is pub
liohed reflects the taste and judgment of the individUAl author. Admoni
tion to auiMn to restrain themtelves from premature. unnecessary 
publicAtion can have little effect UDIea the climate of the entire technical 
and IChoIarly community encouragos restraint and sood taste. But there 
_ IIIUIY pc LLftI to publish quantity. fewer Jh Ires to publioh quality. 
100Ie IUpportinc research can much tno'" easily judge bow many papen 
have been publithed than they can judge bow good the papen are. When 
the volume of publication in • field becomes 10 great that IIIUIY of the 
papen remain unread. the PIU. that can be properly I I'ped to the 
writing of • paper diminiahuj the technical paper AI I unit of currency 
101' meuurinc the merit of. scientiJu becomes devalued. and eclmin .... ton 
mUll COIIIider tbiI wben they insist on frequent publication. 

Inadequate me&nI of switching between information I)'I1mII abo en
cour&gU redUDdAnt publication. If tho.e who will be interesu:d in spe
cific results of • lCientist do not belong to the ~P of .xne one 
journal. there is pc • L"e for the ICieutist to publish pmil.. material not 
once but twice or even more_ As the information traIIIfer network now 
exists. with main empbuia OIl journals to switch the information. lUCIa 
duplication it caential if the information is to be traIIIfet'ftd to tIM. who 
.-d iL The.-d for duplicate publicAtion can be reduced by improving 
alerting tyIlemI of all kiDcb 10 that they wiD be more dependable and _ 
widely uted. 

Some duplicate publicAtion will always be be( i)'j in particaIar. be-
C&1Ue of the miaioo-discipline duality. the same material-. one way or 
another. be readily .vailable to IUen of both the m -ri C'lM)riI!Ilted IUIII 
dilcipline-oriented 1Y'tems. But the neecb of the UIefI of both \inda of 
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aystems could more frequently be lerved by publication in only one aystem 
if the switching devices-title announcements, abstracts, n:ferral ~ 
between the two aystems were fast and efficient. Improvements in switch
ing mechanislll5, for e.umple, in fast exchange of permuted title lists, are 
even now technically feasible and they .hould be widely UJed. 

Many Government agencies have tried to avoid publication of the _ 
primary material in both their n:port system and in overlapping technical 
lOeiety systems by encouraging primary publication in the open (usually, 
discipline-based ) literatun:. Reprints of material so pubhhed are acquired 
by the agency system and the n:prints are recorded and announced in the 
agency system's regular tide or abstract journal The scheme worb well 
when: the paces of the agency .ystem and of the disc.ipline-oriented systenll 
are comparable. Unfortunately, especially in technology, a fut-JDOYins 
aseocy cannot gear the pac'! of its information system to that of an ..n:hival, 
ditcipline-oriented, technical lOCiety. Nevertheless, agencie& Ihould rely 
upoa o~ Iiteratun: for primary publication to the gn:atest extent feasible, 
and they obould be n:ady to adopt better switching mechanisms between 
their aysten. and the open Iiteratun: as thoee become available. 

C. A.mu. T.~b.ieJ 300il MIuI ,.. I., .... 
The pfC\.ious suggestions n:late to those parts of the information transfer 

- chain in which the overlap between author and documentalist is clearly 
rcx:oguized. In other pare of the chain the aubor's job doeo not overlap 
10 clearly with the job of the documentaliJt ; these parts have to do with the 
content and manner of exp.-ion of what the author leeks to communicate, 
whether it be information already available or new information. Briefly, 
we believe that clearer and man: succinct writing will in itself smooth the 
avenues of communication and the mechanisms of n:trieval. 

We are convinced that too many lCientilic books are written hastily and 
with much leu care than the subjects deserve. Writing a good book takes 
an immense amount of time and work. It implies the clarification of many 
ideas that one has been willing to leave alone for awhile; the review of a 
large, n:petitious, and often unclear Iiteratun:; and the careful anangement 
and rephrasing of the whole subject. A major talk facing our American 
technical community is to write DOt only mon: books but better books. 

One way to get better books would be to commission their writing by rec
ognized authorities, and to pay the authon rea1ly wdJ for their efforts. We 
wou1d urge agencies, both governmental and non-pvemmental, to apomor 
the writing of surveying and summarizing boob in the same way as they 
now spomor research. We believe agencies ougbt to adopt policies reprd
jog the reimbunernent of authon that encourage, rather than hinder, the 
writing of boob by competent people who an: ... ppotlLd by the agencies. In 
particular, we believe Govemment-sponsored fellowlhips for research and 
training grants Ihould be available for the writing of boob. 
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Scholarly views, articles, and critical bibliographies also play an im
portant part easing the infonnation crisis. They _ the special needs 
of both the tablished worken in a field and the «raduate studmt entering 
the field, as well as the general needs of the nonspeciali t. Review writing is 
a task worthy of the deepest minds, able to recast, critically analy2>e, syn
thesize, and illuminate large bodies of mult.. The relation of the reviewer 
to the existing but widely scattered bit. of knowledge resembles the relation 
of the theorist to available pieces of experimental information. In order 
to emphasize the growing importance of the reviewer and also the growing 
difficulties that he faces, scientific and technical societies should reward 
his work with good pay and with the regard that has been reterVed here
tofore 'for the discoverer of experimental information. Thooe asked to 
write reviews or to give invited papers reviewing a subject should be selected 
by the scientific societies with tho:> same care as are recipient. of honors or 
of appointments to the staff of a univenity. 

Hand in hand with the increasing recognition of the review author should 
go an increasing realization by him of his growing responsibilites. He 
should view his subject dispassionately, paying equal attention to his own 
cont;bution and to the contributions of othen. He should IeafCh for re
maining problems and the most fruitful areas of further work as diligently 
as he emphasizes existing accomplishmcnts. He should also point to areas 
where further work is nccCllSary. 

E. MoJ.. PlyebolotuM llUigb" lfllo C_____ SjoUl • 
E,,~IoiINl 

New information could be made easier to assimilate, and in this _ 
easier to retrieve, if authon wrote better. We do not undentand the com
munication proce5S well enough to know how our natural language can be 
made into an instrument for the most effective preaentation of scientific: and 
technical information, but progress is being made. Advanc:cs in our under
standing of the communication process should become known to authon 
and to the information-handling community, and should be put to work in 
the improvement of our technical writing. Nor should devices ~ than 
improvement. in the natural language be ignored. Recognizing the danp 
of creating too many highly specialized languages, we point out De<eJ theIesI 
that symbols or conventions to replace wordly c1ich~ or to describe c0m

monly used methods of instrumentation could reduce the volume of the liter
ature and help ease its retrieval. Or judiciously used journalistic techniques, 
such as different type fonts, display boxes, different colon, miPt help to 
make the technical literature easier to assimilate. Many of these techniq ..... 
might be repugnant to those brought up in the conservative lCboIarly tra
dition, yet if further study and experiment shows them to be effective, the 
technical community ought to consider their adoption. 
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F. 0. Sn..nsh ..tI £_,. __ • Mlul Ext' ... Th_ • .w.. CI-', 

Much more obviow than any deficiency in our undentanding of the com· 
munication process itself, or in the possible application of journali tic tech
niques, is our inability to use natural Englith properly. Thi. Panel is 
gravely concerned, as are m,my othen who have written on the information 
probl ,m, that so many American scientists and technologists can neither 
speak nor write effective English, that the new language of science and tech
nology is turgid, heavy, and unclear. This is a problem that goes beyond 
what the Panel has set out to :10. The seed. of articulat.:nes5 are sown in the 
home and at the elementary and high school level. Nevertheless we strongly 
suggest that science and engineering departments demand much more ex
pository writing as part of regular eounes, and that ability to communicate 
well be made a firm requirement for graduation from our technical schools. 

G. Th. Tet~ 0/ H..tIIi_, 1_/0NIUIi0te Mlul & Fit/.I, T_,hl 
But our schools and colleges will have to do more than in ist on proficiency 

in handling the language. They will also have to insist on some proficiency 
in the techniques of information retrieval. The technical man, as an author, 
contributes to the information explosion ; as a user of information, he is 
overwhelmed by the explosion. He must therefore be able not only to ex
press himself clearly and succinctly and w;th proper regard for subsequent 
re>rieval of what he writes; he must also be acquainted with the new tools 
and techniques of information handling. Imparting such skills to our new 
generation of technical people· the job of our colleges, univenities, and 
technical schools. They will have to teach, much more aggressively than 
they have in the past, the techniques of technical eommunication. 

Schools of science and technology have offered some training in use of 
tbe literature and in tbe tecl:niques of communication, but their efforts 
have been sporadic. Only in those fields, notably chemistry, wbere the 
information crisis bas been clearly discerned, bas much formal training in 
literature retrieval been given. Some chemistry departments have for 
yean required their students to take short counes in the .. se of the literature, 
and many have adopted the more effective procedure of making active use 
of the literature a necessary part of tbe work in such counes as Qualit- tive 
Organic Analysis. It is probably no accident that the practicing chemist 
subsequently demonstrates greater proficiency in using the literature tban do 
most of bis eolleagues in other disciplines. Engineen, on the other hand, 
receive virtually no training in literature techniques, and they punue their 
daily work unmindful of the powerful resources awaiting their call. We 
are glad that the Engineen' Joint Council has recognized :bis serious w:k 
and is formulating plam to fill the need. We would go a step further and 
suggest that all profetlional societies in the sciences and in engineering adopt 
an official policy calling for training in the preparation and use of literature 
as part of the curriculum. Accreditation tearns should subsequently in
quire not only into the adequacy of the library, as in the past, but also into 
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the ways in which its use is promoted and facilitated. This baa been done 
for many years by the American Chemical Society's Committee on Pro
fessional Training. Government agencies supporting research at a uni
Versity should recognize support of the library as a legitimate expense. 

Attempts to provide more adequate training in scientific communication 
and information retrieval encounter several problems. The support of the 
college administration and department heads must be gained. There are 
too few professors who are themselves sufficit;ntly knowledgeable in the use 
of the literature to be able to teach the modern techniques effectively. 
Students themselves must acquire enthusiasm for Iearning how to cope with 
the information problems they will surely encounter in their careers. It 
should not be overlooked that neophytes in the scientific and engineering 
professions usually pattern their professional behavior after the behavior 
of the professional tutor. Only if the technical community itseU becomes 
information minded will its students become information minded. 

We recognize and support NSF's programs aimed at training teachers in 
the field of scientific documentation. We also urge that more teaching 
material, especially books, be prepared as texts for courses in technical com
munication. It is true that books on this subject are already available. 
However, IDOIt of them were written at a time when the scientific informa
tion problem was leu critical than it now is; they generally aim at helping 
the author put across his ideas and his personality. What are needed in 
addition are books that cover the author's entire role in the information 
transfer chain, and that describe recent developments both in information
handling technology, and in those parts of psychology and infor lion 
theory that bear on the communication problem. 

H. TIH TulHtkJ DonI_I.U" MIuI S. RUOpillN .. S.~ .. 
Even though the individual scientist and engineer becomes more pro

ficient in handling the literature, there is obviously more published litera
ture than the average individual can master in all its detail The techrtical 
man therefore needs th~ continuing an4 growing support of professionals 
wh:; reaDy know how to exploit the literature fully, and who are able to 
invent imaginative new approaches to the techniques of information transfer. 

We therefore strongly support NSF's efforts to develop college and 
university programs aimed at attracting more science and engineering 
students to cueers in technical information. A science or engineering degree 
with an option in technical documentation may be an appropriate pattern. 
We also recommend that secondary school guidance officers learn more about 
career opportunities in modem technical librarianship. The library pr0-

fession has so far given only a token nod to the challenge pl'C5ented by the 
radically new systems for organizing, storing, and retrieving technical infor
mation. We believe this shortcoming would be overcome if more able 
scientists and engineers went into technical librarianship. 
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I. N_ SflJucbMg MetboJl MllsI Be l!.xl'IorM .- l!.xl'IoiIM 
In the previous paragraplu we have propo5Cd lOme measures that authon 

could take to smooth the tramfer of information from author to UJer. We 
comider now what can be done to improve th05e ste", in the information 
trarWer chain that are more directly under the control of the documentalist 
and the U5er ; these incJuJe di55Cmination, storage, and retrieval. 

As we have already said, the basic problem of literature access can be 
comidered a switching problem-switching inforn'Mtion, not documents. 
The basic need is to connect each customer, as nearly as possible, to the 
information he needs, plus a little more. The information-handling com
munity has come up with many inVL .,tiOO5, both in hardware and in tech
nique, that hold promise in this connection. Some of these ochemes, such 
as citation indexing, or issuing a daily scientific newspaper, have either not 
heen tried, or are being tried on a amaU scale. Permuted title indexes are 
beginning to spread with Chemical Titles and the indexes in each issue of 
Biological Abstracts leading the way. Data and information centen have 
caught on widely. In the following paragraphs we shall discuss lOme of 
these new switching methods. Our main purpose is not 10 much to recom
mend one specific ocheme over another as it is to emphasize the need for 
innovation, imagination, and courage. New techniques must be tried and 
new attempts supported. Mistakes, lOme of them costly, will occur. Yet 
to do nothing new is perha", the worst mistake ; the flood of undigested 
information will surely engulf our science and shatter it into isolated f rag
ments unless we change the traditional methods that we use to handle the 
flood. Some lO.:ieties, notably the American Physical Society and the Amer
ican Chemical Society, ha\'~ ,hown admirable initiative in trying new 
ochemes; othen; have heen m"ch lesn venturesome. We urge all organiza
tiom concerned with tecJ;",~ information to investigate the new tech
niques and ideas and to take a sympathetic attitude toward innovation in 
handling of information. We wish especially to commend the NSF for its 
support of research in this field, and in particular for its support of practical 
tests of new modes of technical communication. 

J. C_MhM D.posilorUl An _ AllriIdWe POllibi/il, 
An attractive tech .. icallOlution to the problem of the dissemination and 

retrieval of documents is the centralized depository. This would acquire 
documents in a field of its reIporuibility; it would broadcast abstracts in a , 
regular announcement bulletin; copies of the full texts would be available 
on order from the depository. Papers sent to the depository would be 
freely available for journal publication, thus encouraging journals to COD

tinue and to expand their vital function of selection and quality leadership. 
This system is now in partial effect for Government reports put out by 
AEC, 000, and NASA. Individual grantees and contractors of these 
agencies also participate in it, especially for the dissemination of technical 
reports not published elsewhere. 
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The central depository bas some advantages as a substitute for, or better, 
as a supplement to, conventional publication. It is extremely fut; it .. 
tionali .... the preprint; it compacts the circulating literature; it funnels the 
accumulation (rom a given field in one place (or eflicient retrieval. By 
relieving the cooventional joumaIs of their implicit obligation to procell 

every CIOIltribution that might be conceivably useful to science, it can leave 
them with the more creative and man.able responaibility of lelecting and 
encouraging the best contributions for wide distributioo. Centrali2led fa
cilities can abo be the focal points for the development of automatic proc
eaing techniques that are uneconomical for widely IC&ttered servias. The 
Atomic Energy Commission and the Armed Services Technical In£~tion 
Agency (ASTIA) repository systems have already proved their efl'ective
ness for technical reports. ASTIA fulfills requests for documents in 3 to 6 
days and lOOn plans to give faster lervice. The quality of print rebiew:d 
from microfilm with new copying equipment used by the large depositories 
is cIoIe to that of the original document. 

Despite the technica1 and possibly even the economic advantap of a 
IWitching center baled on a central depository, a number of problemo mUll 
be IOlved before this method can be considered seriously .. the primary 
method of dissemination. Perbap the main obstacles to its more general 
adoption may come from the attitudes o( IOIDe elements of the technical 
community itself. It is not certain how scientists would react to the estab
lishment of such a system, since all previous experiments (for example, the 
American Documentation Institute) have lacked some features egential to 
a IlUCcesaful central depository: adequate cove~ ; broadcut ann0unce

ment; auxiliary select journals and retrieval services; adequate 6nanciailUp
port; approbation by scientific and governmental leadership. Some mem
bers of the Panel are more optimistic than others about the facility with 
which the hard-copy journal, with the prestige that purportedly goes with 
publication in the conservative traditions, can be led to share its functions 
with the depository, even on the grounds of broader concern for the unity 
and efl'ectiveness of science. In any evj::nt, coordinated systems developed 
on the initiative of scientific societies are preferable, for many reaJOIII, to 
those based on centralized judgment of a Government bureaucracy. In 
fact, in 6elds such as basic physics and chemistry, in which strong ICientific 
societies have evolved, the outlook for effective commu:~ication systems in
volving the gradual evolution of a depository approach is relatively 0p

timistic. These efforts should be given every possible encouragement .. 
answers to the communication problem in which scientists play the !DOlt 

efl'ective part. 
We are much impressed with the ingenious "halfway solution" to the 

central depository problem that the American Physical Society hal deviled. 
The society divides its contributions into those that are very timely ud 
particularly important and those that are less timely and more archival. 
The former are published in abbreviated fonn with less than a month', delay 
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in PltynctU R.vi.w L.tters. The latter are published in extenso in Tit. 
Plt)lsictU R.vi.w with a .. to 6 months' delay; abltracts of articles appearing 
in Tit. PltyncGl R.view are distributed as an abltract bulletin with PltysictU 
R.view utters. Tlte PltysictU Review is becoming a sort of centsal cIepoIi
tory; more and more physicists read only the abltract bulletin, and consult 
the full articles in their library, or obtain reprints from the author. In 
another experiment the American Chemical Society has reported the out
standing popularity of an advance reprint service for Industri4ll2lld El1gi
neering CIt.matry; contributions to the journal are promptly announeed 
and reprints are made available even before articles are published. From 
these arrangements to the full-8edged depolitory appean to us to be a 
relatively sma1I step. Once individual scientists become aceustomed to 
consulting abstract or title bulletins for the purpose of current awareness, 
the magic of the unique bard copy, with its very long delay, ought to 
disappear. 

The outlook in other fields, for example, in biology and medical rewearch, 
is dimmed by the complex interrelationship of the subjects with which biolo
gists deal and the lack of comprehensive technical organizations comparable 
to the American Chemical Society or the American Physical Society. The 
problem of communication in this field may not be solved until the workers 
in the fidd evolve, possibly with Government support, comparably strong 
central organizations. 

K. M_ .. &11". St-UIi'fH ''''(I~ em"., A,. NHMtI 
The centralized document depository is primarily a clearinghouse for 

documents; in general, it does not try to glean information from the docu
ments it handles, but merely provides appropriate document. to usen. But 
retrieval of documents is not the same as retrieval of information; a technical 
specialist really needs the information contained in the published literature, 
not the published literature itself. To retrieve information, as contrasted to 
documents, the technical community has devised the specialized data and 
information center. 

A specialized information center makes it its business to know everything 
that is being published in a special field-such as nuclear spectroscopy 
or the thermophysical properties of chemical compounds; it collates 
and reviews the data, and provides its subscn"ben with regularly issued com
pilations, critical reviews, specialized bibliographies, and other such toob. 
Its input is the output of the central depository. There are now in the 
United States about 400 such centen; the net number is growing, though 
some specialized information centen can and should die because the fields of 
science they serve cease to be active. As originally conceived, the centers 
compiled data as opposed to ideas or knowhow; one of the earliest dGta 
centen compiled the InternGtiontU CriticGI TGbles. Many 01 the data em
ten have evolved into informGtion eenten that not only compile data but also 
keep abrea!! of all developments in a field. 
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We believe that the spec,ia)iaed information center, b3cked by Iatge central 
depositories, might well become a dominant means for transfer of technical 
information. It therefore behooves the technical community, at this early 
stajte in the proliferation ofspeciaJi2ed centen, to learn what makes a &ood 
speciaJi2ed center, and to plan new centers aceordinsJy. 

Specialized information centen, to be fully effective, must be operated in 
c1Cl1CSt possible contact with work in scientists and engineers in the field. 
The activities of the mo5t succeuful centen are an intrimic part of science 
and technology. The centen not only di seminate and retrieve informa
tion ; they create new information. Making a discriminating selection of 
data, as was done in preparing the International C,itical TtJbles, requires 
scientific insight of high order, and is itself an essential scientific activity. 
The process of sifting through large masses of data often leads to new 
generalizations. The Nuclear Data Center that collects and dHtributes 
information on the static pr"P"rties of nuclei contributed notably, for 
example, to the development of the shell model of the nucleus, one of the 
major theoretical underpinnings of modern nuclear physics. What is true 
of the Nuclear Data Center is undoubtedly true of other centeno In short, 
knowledgeable scientific interpreten who can collect relevant data, l'C\iew 
a field, and distill information in a manner that goes to the heart of a 
technical situation are more help to the overburdened specialist than is a 
mere pile of relevant documents. Such knowledgeable scientifie middle
men wllo tllemselves cont,ibute to science are the backbone of the informa
tion center; they make an information center a technical institute rather 
than a technical library. The essence of a good technical information 
center iJ that it be operated by highly competent working scienwts and 
engineen-people who see in the operation of the center an opportunity to 
advance and deepen their own personal contact with their science and 
technology. Proliferation of the specialized information centen will there
fore l-eqWre many such "information scienwts" . dedicated and knowledge
able technical men who help interpret and assimilate the literature for 
othen working in the field . 

Since the technical information center in this sense must be part of 
science and technology, it is natural that it be located where relevant 
science is flourishing. The Panel therefore urges that new information 
centen be established at public and private technical institutions, not as 
adjuncts of general libraries, or of publishing ventures, or of central de
positories. Where research and development is done for the Government
at Government laboratories, national laboratories, universities, or industrial 
laboratories-information centen in related fields ought to find a congenial 
a·mosphere. We note with approval that AEC has already established 
about a dozen such centen at its national laboratories, and we believe this 
practice should be encouraged by other Government agencies. 
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L 1Ii«' y' riM C_ BH_ lr.(HIrl ' &II HOI AUrl-.,.s' ' 
Emergence of the infonnation center with its emphasis on retrieva1 of 

information as contrasted with retrieval of documents does not mean that 
document retrieval is unneceosary. On the contrary, the growing volume 
of publications places more and more pressure on the technical community 
to come up with ingenious sch mes for switching documents efficiently
if not to individual usen, then to information centen. In fact, the pror 
Iiferation of the information cente will undoubtedly increase the presrure 
on the general document wholesalen--Iibraries and Government agencie.
to strengthen and rationalize their document-retrieval systems. 

Retrieval of documents requires both "bardware" and "software." Hard
ware connotes those mechanical devices (ranging from edge-punched cards 
to elaborate digital computers ) that identify labels for, and may even 
deliver originals or copies of, documents once the documents have been 
properly indexed or otherwise identified. Software connotes the increas
ing variety of ways by which retrieval systems may selectively reach the 
document : conventional catalog entries, keywords, abstracts, permuted title 
indexes, citation indexes, etc.; and the programing systems that would let 
III take full ad~antage of sucb modes of access. Without adequate soft
ware, hardware cannot belp and sometimes can hurt. 

Where the software exists or can be made available in time, the possi
bilities of hardware improvements are indeed impressive, but the demands 
are also imp~ve. The Library of Congress, for example, contains 0Ytt 

10 million identified accessions, corresponding to 10" bits of recorded 
information. Each accession requires some 2,000 bits of information to 
catalog it. A memory of several tens of billions of bits' capacity is required 
to store the catalog alone. Current use requires 200 acce_s a minute, 
from 200 simultaneous users. An ea>ily a ttainable improvement in service 
would require a tenfold increase in capacity (e.g., more cross-ref
erencing) and could accoaunodate a tenfold increase in u.e. TbeIe charac
teristics are not met by existing commercially available equipment, but are 
now technically feasible. 

Althougb a system for the Library of Congress could cost as much as $50 
million, we believe that, since the advance in the technology of retrieval 
achieved by automating the Nation', 1argest library or at Jeast its Division 
of Science and Technology will be available to all libraries, IUCb an expendi
ture could be well worth while_ We therefore recommend that the recent 
report recommending automation of the Library of Congress, prepared 
under tbe auspices of the Council of Library RCIOUlCeI, be reviewal carefully 
with a view to poIIible implementation of its findinga. 

TIle NSF, recognizing that a central advisory service where documentalists 
and others concerned with information ptobiems can go for impartial advice 
as to what computers can and cannot do would be very helpful, aupported 
the setting up of Ncb a service at the National Bureau of Standards in 1959. 



We urge documentalists, especially within the Government, to coosuIt thia 
service before committing themselves to very expensive and complicated 
automatic document-retrieval systems. IDIOfar as Government informaticm 
services are concerned, there is a need to provide information about other, 
1_ exciting but very important aspects of retrieval hardware such as repr0-

ducing and microphotographing ~uipment ; we are pleased to DOte that 
the Bureau offen information on such devices as weU as 011 computerL 1be 
Panel urges that the Bureau's servic'::S be widely ...ed and perhaps better 
publicized. 

M. C;u,;o. l..u_, SIHnJtl s. UH/tll 

Along with development of hardware, much ingenious thoupt must 
obviously go into software; i.e., indexing and other preparaticm of 
the documents for subsequent retrieval. Of the new approaches to software, 
the Panel is particularly impressed with the citation index; we wish to call 
the technical community's attention to this apparently powerful, thoup 
relatively little used, new searching t001. 

All of us are 'amiliar with lists of references at the end of an article. Such 
lists enable the reader to trace backward in time the antecedents of the 
article being perused. Every scientist has used such lists to delve more 
deeply into the subject he is studying. But reference lists only go backward in 
time; they give no hints as to the influence a given article has had 00 the 
development of the subject alter the article appeared in print. The citation 
index is a list of the artic!co that, subsequent to the appearance of an original 
article, refer to or cite that article. It enables one to trace forward in time 
the same IOrt of interconnections with the literature that, by means of lists 
of references, one now traces backward in time. Because the indexing is 
based on the author's, rather than on an indexer's, estimate of what articles 
are related to what other articles, citation indexes are particularly respon
sive to the user's, rather than to the indexer's, viewpoinL 

Lawyen have used a citation index, Shepard's Citatiom, for more than 
100 yean. Each year Shepard's lists all appellate decisions that have cited 
any previous caJeS. Since the law is unified in IOIDewhat the same _y .. is 
science in that the rule of precedent connects what happens later with what 
happened earlier, it is not surprising that a bibliographic tool 10 useful to 
the Iawver could also be useful to the scientist. 

The National Science Foundation is sponsoring trials of citation mdexiog 
in genetics and in statistic. and probability. The genetics index, for 
example, will cover all the genetics literature from 1959 through 1963 and 
will be published in a single volume; it will be kept up to date by yearly 
supplements. The Panel believes that citation indexing, particularly in 
combination with permuted title indexing, will come to be used widely, and 
that its use will further alter both the way in which we think of the technical 
literature and the way we manage it. 



N. TIN '..,on-r. 01 C_, •• 'IiI] 
Growth in amount and divenity of literature will iDeviWlly briac us 

more majot" switching elemmts, divided between opecia1iacd infonnatjon 
centen, abotract journals, central depoUtories, and techDical libnries; and 
an increaaed flow of documents, abotracts, title and keyWOid lilts, divided 
between conventional journals, letter journals, reports, and depwited manu· 
scripts. As the system grows, obstructions to easy flow will betome more 
and more disabling. The greatest of these obstructions is incompatibility. 

Overlapping infonnation systems can surely gain by repJacing exactly 
rynonymous keywords by identical ones. And the identical abotract may 
be usable in two or more abotract journals. As larger and larger parts of 
the information rystem are ccnsidered, the problems become _ dif
ficult. How widely can the same principles fot" tbe oeIcction of keywords 
or the writing of abstracts be used? Wben must two rystems ana/yJIe the 
same paper from different points of view? 

The National Science Foundation, recognizins the importance of uniform 
abstracting and indexing, has sponsored the National Federation of Science 
Abstracting and Indexing Scrvices (NFSAIS). This fot"Um of lOme 20 
different nonprofit and Government lelVices won. to achieve more uni. 
formity among the many overlapping services. Because JIIOIt services 
developed their own habits and traditions in isolation, NFSAlS has en
countered undentandable difficulties ;n achieving uniformity. Nevertheleso 
the Panel believes that much can be done, and it commends both NSF and 
NFSAIS for undertaking to create rnot"e order in a ch-x: lea of 
nonunifonnity. 

Gains from either mechanization or compatibility are greater wben the 
other is present. To the extent to which editon, of both primary and ab
stract joumals, can agree on compatible fot"mats and can aai«n page num
ben to articles before they are printed, photographic reproduction in ab
stract joumals could be used to bring many abotracts out u soon as, or even 
before, the papen are publisbed. Exchange of lists of titles and keywords 
between mechanized systems is easy when title formats and keywords are 
compatible-i.e., easily intertranslated- and very difficult otherwise. Exact 
agreement offen still further gains, thougb not as much as for hand rystems. 
Transfer and merging of compatible title and keyword lists can be greatly 
speeded by mechanization; if mail exchange of tapes proves ;,,- -'lequate, 
direct communication between rapid access memories is possible. Actual 
trials, such as the Median (Medical Literature Analysis and Retrieval Sys
tem) scheme for switching between the National Library of Medicine and 
satellite centen in specialized fields of medicine, will soon help to guide us 
as to bow far and fast we should move toward such complete mechanization. 
The Panel believes that adequate means for rapid switching, the fint among 
which is compatibility, can greatly case tbe burden caused by overlapping 
,)"tems-agency with discipline, agency witb agency, or discipline with 
discipline. 



O. H_ Geri, • a ' T_' glut I'N#iuIi.a rill ... I. c;..6' as 
S." .. , 

How IhaIl we pay foe our non-Government information JYIIemI? Ob
viouaIy, oince the Government now JUpports three-fourtlu of all ICientilic 
and technical work, publication even in non-Govel'lUDC:llt media will even· 
tually be Jarrely paid for by Government. One question is how to choose 
the fairest meaN for transferring Government money to the technical pubs 
lications. In particular, which is lOunder public policy- to allot Govern· 
ment funds direcdy to a nonprofit publication, or to a1lot the money in
direcdy via the pa&e charge? 

The Federal Government, through the Federal Council for Scimce and 
Technology, had already taken a stand in favor of pa8e charges. As yet, not 
all technicallOcieties have accepted the principle of pa e.chargr financing. 
To many scientists the page charge is repellenl bccaU5C il ,epresents a change 
in a comfortable and ~tandin« custom. To many in industry il appean 
to be in conIIict with the fundamental assumption of Ihe patent tern thaI 
the discoverer of technical information should be rewarded for rnakiDK the 
information public. This view is contrary to the one ""e have ernphasi>rd 
in this report. We believe information is pa of research : that the linb in 
the information transfer chain are welded together, and thaI in . lilt' of 
information crisis, the creatoe of information mu t aaurne as much raponsi. 
bilityas poaible for sublequent d'-mination and relrin· I of the informa· 
tion he creates. The page charge imposes on the technical author a fifWKiai 
respomibility that is comistent with this view of the information traMler 
chain. We therefore urge technical ooeieties, regardles of th ir tradition, 
to tum to page-charge financing. 

The page charge does not serve the need of leCondary publication-ab
stracting and indexing. Article charges (perhapa a flat fee per article ) 
that would go to support abotracting and indexing by related _dary 
media have been suggested as a way of supporting media of IeCOIIdary d .. 
semination. AI lint g1ance, since foreign abstracu account for aJmo.t half 
of the content of many American abotract journals, it might teem that article 
charges would be an unfair way to provide such support. But wben we 
consider that each article, if carefully pr-epared, has already drawn upon 
the efToru of secondary publications, article charges appear much more 
reasonable. In any case, except in the few C3SC5 where subscription! pay 
the actual coot of abotracting, we __ no other alternative to direct Gov
ernment subsidy of li!eondary medi.. Such subsidy might cost as much as 
$30 million per year by 1970. 
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Part 4 

SUGGESTIONS: THE GOVERNMENT AGENCIES 

The Federal GoYemment is coolrooted with two oeparate, though related, 
information problema: it must maintain an effective jll/enoal communica
tion system ; and it must see that an effective overall communication system 
is maintained. The Government's involvement with the entire informa
tion system has, in tum, two distinct aspects. (I) The Government and 
non-Government systems are interwoven ; hence the GoYemment must pay 
close attention to the non-Government systems if it wishes to keep its own 
system effective. (2) Sinee infonnation is part of research, Government 
must assume responsibilities even toward those pam of the non-Govern
ment system that do not overlap with its own, simply because Government 
has assumed lueb heavy responsibilities toward research. Our sugg",tions 
to Government are therefore aimed, on the one hand, at improving its 
internal infonnation system, and on the other hand, at clarifying Govern
ment's responsibilities toward the non-Govern~nt information system>, 
and improving the connections between Government and non-Government 
systems. 

TIlE INTERNAL INFORMATION SYSTEM 

Four-fifths of the Government research and development dollar goes 
into development ; of the development dollar, more than 90 percent is spent 
by three agend"" the Departm~nt of Deferue, the Atomic Energy Com
mission, and the National Aeronautics and Space Administration. Most 
of the infonnation flowing out of thete activiti", appears in about t 00,000 
infonnal technical reports eaeb year. The essence of the internal technical 
information problem faced by the Government is control and w""",ination 
of the information and the intelligence contained in lUeb reports. More 
specifically, the Government must preserve what is valuable ; it mu, t r jcet 
what is worthless; and it must summarize, ind"", abstract, and distn"bute its 
holdings promptly and efficiently. 

The burden of keeping up with Government-!ponsored reports falb mueb 
more heavily on the technologist and the technical administrator than on 
the basic scientist. That is not to say that the report literature is the only 
problem, or that basic lCientists would not benefit were the Government to 
handle and retrieve its documents more effectively. The various infor
mation systems operated by Government agencies, by specialm.t c:enta"s, 



and by technical lOCieties an: interwoven; improvements in ODe syslem help 
every other system. Some Goverrunent-sponaored development ia reponed 
in conventional literature, at techn.icaJ meetings, by informal word oi mouth 
as well as in reports. But relative to the report literature, theae other media 
praent a leu urgent problem. The incompletely conlf lied flood oi reporta 
creates an internal infonw.tion problem, and since this flood is Mlperpoeed 
OIl the conventiowLl literature, it aggravates appreciably the overall infor
mation problem. 

A. WbM Is Us.l.u ltIIuI IN K.t' 0lIl 
First, what can the Government do to assure that reporta it coUects are 

worth saving? It can be argued that, except as limited by aecurity, aU 
research and development paid for by the Government oucht to be pub
lished, since the fruits cf Government research belong ultimately to the 
people. Some administrators believe therefore that every research and 
development effort paid for by the Government must be ~ and 
disseminated. One result of this attitude is that the Government's internal 
report system is burdened with material that ought not to be part oj the 
permanent record. 

The Panel believes that Government should publish aU significant reteareh 
and de.-olpment information, but that it ahould DOt clutter ill system with 
information that is half -baked or that is better re-created than retrieved. 
We realUe that it is extremely difficult a priori to decide what to re-create, 
what to retrieve-i.e., what should be kept, what sbould be forgotten. The 
usual response is 10 keep everything. Yet this is Iurely not a complete 
answer. The human user is part of the retrieval chain; his ability to aboorb 
information impolCl a limit OIl the retri.-val system that no amount of ele
gant automatic machinery can overcome. An information system badly 
overloaded with irrelevant documents will be leu likely, not more likely, to 
find the right information for the right user. The problem is how to select, 
from the jumble of research reports, patents, design Itudies, engineering 
drawings, and other non-conventional relCarch and development docu
ments paid for by the Government, the material that is worth disseminating 
and retrieving, and to keep the remainder out of the system. 

Report literature differs from the conventional literature in one essential 
respect: conventional papers, generally lpeaking, an: formally refereed, re
porta an: not. Even though the information flood may have lowered the 
standards of the conventional literature, there is little question that reports, 
in general, an: DOt written as weD as conventional papers. On the other 
band, reports an: timelier, and often an: more voluminous, if not more com
plete, than papen. The report was originally conceived, and stiD is ron
ceived, as a working tool and was not intended to become part of the common 
arcbivalliterature; what was permanently useful, especially in a tenninal 
report, was eventually to be extracted and published conventionally. But 
the necessary growth of the Government information systems bas tended 
10 formalize the informal report; it is now given an archival status beyond 
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what was originally intended, but the quality 0{ the infonnal report bas 
not improved accordingly. 

Can we improve the quality 0{ report literature without sacrificing ita 
timeliness or its completeness? The Panel believes much can be done, and 
we put forward the following possibility : that each agency handling large 
numben of reports, notably AEC, DOD, and NASA, establish resident ref
erees at the major contractor and in-house sites to review reporu be/oTt 
they are forwarded to the agency system in much the same spirit that referees 
traditionaUy review material intended for conventional publication. 

The resident referees S ould be competent technical employees 0{ the 
contractor who would be cxJ-o.-<;<.;d to understand the central information 
system as well as the technica1 matten in question. Over the yean one 
could expect the resident referees among an agency's contracton to develop 
an esprit de corps, and to come up with many suggestions for improving the 
quality of technical reports. The system need not work perfectly, but we 
believe that its mere existence will help give to the Government technical 
report some of the tradi tion of excellence and value that is now generally 
enjoyed by the better conventional literature. 

Refereeing the report literature need not slow the system Ierioua1y. Ref
erees will learn that in some cases speed is more important that polish and, 
unlike referees for archival journa1s, they will learn to Ute criteria such as 
timeliness in making their judgments. A scheme that has lOme of the as
pects of the technical report referee already exists. AEC now a~redits 
responsible reviewen at each major contractor site who decide which reports 
are declassifiable, and ,e system has worked for yean with little delay. 

Competent research establishments generally review critically all ma
terial emanating from them. Establishments, ~uch as the older NASA 
laboratories or the National Bureau of Standards, that visualize their mis
sions to be creation of information, have maintained the highest standards 
for their technical reports. On the other hand, contracton whOle mission 
is to build a piece of hardware ' much less likely to review their reports 
criticaUy. 

The resident referee imposes a critical review of a report early in the infor
mation transfer chain. Though prior review is desirable, there is precedent 
for refereeing informal reports after the reports have left the authon' con
trol. Several agencies now screen reports after they have been submitted 
to the agencies' central depositories. In 1949 all captured German tech
nical reports were refereed by several hundred American experts under con
tract to the Office of Technical Services (OTS) . Only 20 percent of the 
reports survived the scrutiny of the referees and entered the OTS sys tem. 
Various other mechanisms for technical screening of the report Iiterat re 
will undoubtedly occur to the managen of technical information systems. 
We urge mainly that such screening is needed, and that it be done by com
petent working technical men who are in contact with the author. 



B. lIP.., Is U'lflll ~ a. tN_ •.. 1I(", 

The problem of the report literature is not merely how to keep worthIeII 
material out. It is aIJO how to get all that is worthwhile in. Thill ASTIA, 
the information service of the Department of Def~ .... im·ta that ,it 
receives no more than 40 percent of the information smeraRd at DOD 
expense. We must therefore devise ways of encoura,in( COIItracton to 
submit complete and accurate accounlJ of aU parts of their act.ivit.iel DOt 
adequately covered by conventional publication, in forma that are COlI· 

veniently retrievable. 
The referee scheme which we have described, intofar as it improves the 

quality of the material going into the Government systems, ought to in· 
~ the information content if not the volume of the .epotts enterins 
the system. Moreover, the usefu1nea of many reports, particularly periodic 
general progress reports, could be enhanced if their contents were claaified 
or even physically separated according to discipline. Such reports, cover· 
ing as they do a great variety of topics, are almost ideally suited to make 
bibliographic control difficult. We do DOt treat an issue of a learned 
journal as a single document: insofar as broad ,ummary reports are sources 
of information rather than intelligence, there is no stronger reuon to treat 
them as single documents. 

But improving quality and IllXeWibility is DOt enough. Barrien do exist 
in the /low of reports and other documents from contractor to Government, 
and these must be discovered and removed. Perhaps IDOIt important, many 
contracton and lower level administraton consider reports as only incidental 
to the development of a piece of hardware. If the hardware worb well, 
why bother about the report? The contractor is selling equipment, not in· 
formation, and the project officer is judged by tile result, DOt by the report. 
Moreover, large development projects are usually led by engineen whcoe 
tradition for written communication is relatively weak. We therefore note 
with approv;:' that DOD now withholds 10 percent of a contractor's fee until 
the reportifl/!' i'I."luirements of the contract are fulfilled. We believe that 
the contract office, himself, in administering this requirement, will have to be 
given enough technical help to enable him to judge whether or not the 
material submitted in' -=cd gives an adequate account of what was done. 
In making such judgr .• ents, the contract officer would be expected to work 
closely with the contractor's resident referee. 

A second possible barrier to full d:ssemination of informatiofi within the 
Government is too rigid an interpretation of security regulations. The Panel 
is aware of the asymmetry that exists between the way the Communist and 
the non·Communist worlds handle information. We believe, on balance, 
that our more liberal policy leads to more security, not to less. Ne"e, the· 
less we do not believe it to be in the public interest always to push auto
matically for more dissemination. Each case must be decided on its merits. 
Our general impression is that security regulations, as now interpreted by 
AEC and DOD, have not imposed a serious burden on the Government's 

41 



information system nor bave they allowed too much information to be di
vulged; bowever, these conclusions are based on intuitive judgments. and 
we bave not analyzed closely what criteria for classification would best serve 
the interests of the nation. We would recommend that an ad hoc group 
of tbe Federal Council's Committee on Information e.xamine this question 
further. A related problem, the "need-te-know" regulation, bas appar
ently been ameliorated by recent action of ASTIA. 

Finally, in many cases contractors invoke alleged proprietary rigbts to 
keep useful material c .. t of the inform"" _ :l stream. Proprietary rigbts in 
Government contracting pose tangled, difficult legal questions that go be
yond the matter of information transfer. The Panel believes that the 
present efforts to develop more uMonn Government-wide policies on patent 
rights in Government research and development contracting should be 
expanded to cover proprietary, nonpatentable rigbts. Such policies would 
help contract administrators decide whether a contractor is justified in with
holding information. We note with approval that DOD has rccently turned 
its attention to this question. However, we believe this is a Government
wide matter that demands attention from the Federal Council for Science 
and Technology. 

C. T.~bttklll Rwiew. of R'/HI,t Ut.,tllIIr. wm H.lp 
Because .nere are so many technical reports, and most of them are 

unrefereed and of uneven quality, reviews of technical reports can be par
ticularly usefu as discriminating guides to • .he literature. The reviewer of 
the report literature mllst not only tell a co erent story; be must also serve 
as referee, weeding out what he believes to be wrong from wbat he believes 
to be right. Moreover, to make his review fully useful he must cover rele
vant open literature. 

Experience bas already demonstra ted tbe value of critical reviews of re
port literature and the related open literature. The Atomic Energy Com
minion issues five quarterl \' review journals, Nuclear Safety, Power Reactor 
Techn% gy, Nuclear Materials, R eactor Fuel Processing, and ! sotop .. and 
Radiation Techn%g)'.· Tbt-se reviews, written by working experts, have 
been received enthusiastically by the technical community. What has 
worked so well in atomic energy ought to work well in other areas where 
Government agencies lead in the development of technology, mcb as spacc 
and military tcchnology. Therefore, we commend NA A's plan to establish 
such critical review journals, and we urgc IJOD to do the same in appro
priate fields. Where non-Government groups are able to publish such 
review journals, they should be encouraged to do so. 

Such journals would be expected to thrive best near specialized infonna
tion centers; indeed, the journal itself may prove to be the most important 
product of the specialized information center. Since writing reviews is 
difficult and time consuming, the specialized information center often needs 

·Fint issue of Isotopes and Radiation T echnology scheduled for publication 
April 1963. 
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help from its parent institution in preparing the journal. This again illu .... 
trates that the specialized information centers, and particularly the repo:1 
review journal, ought to be located at large centers of technical research and 
development rather than at a technical depository or a publishing house. 

D. Tbe Age,", · DeposilorUs Sbo..uJ & Dot:_ Whol.""" 
Even if the information systems of Gov mment agencies contained all 

valuable and well-conceived research and development reports, and only 
these, effective switching of information contained in the reports to the 
host of potential users would remain a formidable task. The Panel believes 
that eventually the main task of switching information (as contrasted 
to documents) to individual users should be the job of the specialized infor
mation cr nters. T hus again we return to organizing the information system 
in a hierarch y with the specialized centers occupying a key position between 
the large Government or other depositories and the individual wen. For 
such a scheme to work, the number of special centen would have to increase 
greatly, genera lly with the support and encouragement of Government. 
Such a development would require a much greater allocation of scienti6c 
resources to manipulation of infonnation than is now the case, but, as we 
have repeated ly insisted, tbis is inevitable if we are to preserve a viable 
science and technology. 

Large Government central depositories such as DOD's Armed Services 
T echnical In fonnation Agency (ASTIA) or AEC's Division of T echnical 
Info rmation Extension (DTI E) or NASA's O ffice of &ienti6c and T ech 
nical Information (OSTI ) would, in this scheme, become primarily docu
ment distributors. 111ey would concentrate on supplying documents to 
specialized centers and technica l libraries, rather than to individuals ; they 
would not try to create new information nor cri tically review the material 
they disseminate. Su h an ult imate d ivision of labor between the Govern
ment deposi tory and the sr ec ialized centers makes good sense to us for the 
following reasons. In the ., t place, critical proces ing of information is a 
job of the scientist, not of the documentali, t. &ientists best able to cope 
,,~ th th is job are likely to fi nd the specialized center a more congenial home 
than the Government d pository. In the second place, as the volume of 
litera tu re grows, the annOll ncement lCd ia of the central depositories become 
less and less useful to the individual ; thus the Department of Commerce's 
OTS bimonthly keywo,"': i nde~, that covers all Government publications, 
is useful to the librarian or to the information scientist bectluse it coven such 
a wide fi eld, but for the same reason, it overwhelms the individual user 
interested in a special project or discipline. Moreover the large Govern
ment depository often collects only reports of work supported by a particular 
agency, whereas thc specialized center collects reports relevant to its 
discipline or mission regardless of source of support. The individual wee, 
whether mission or discipline oriented, is more likely to find what he needs 
in the announcement bulletins of the specialittd center than in thoee of the 
central depository. So to speak, the interests of the specialized center match 
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more discriminatingly those of the individual user, and it therefore is a more 
efficient switchin~ mechanism for him than is the large depository. 

E. Agetl&H' MIl" Be&_ ,./-un. MJwl_ • 
Though we expect that the specialized centen eventually will assume 

a central role, we cannot say with assurance when they will acquire this 
status. In the meantime the agency systems will have to continue to 
alert individuals, as well as libraries, and retrieve intelligence for contract 
administrators and information for technical specialists. How well are 
the agencies doing these different jobs for their customers: collecting, 
disseminating, and retrieving agency-generated documents? Can the agen
cies do these jobs better? Few generalizations can be made ; the agencies 
djffer widely in the way they disseminate their information and, more im
portantly, in their attitude toward the information. This is to be expected 
partly because the subject matter generated by the ageneies' research pro
grams i. so diverse, partly because information is part of the statutory 
mission of !lOme agencies and not of others. Thus NSF, dealing primarily 
with basic research, most of which appears in the standard literature, makes 
no announcements of papers issued by its contractors or grantees; DOD, 
dealing mostly with hardware developments, announces those of its technical 
reports that enter the ASTIA system. The law directs some agencies, 
notably AEC, Department of Agriculture, and NASA, to disseminate infor
mation; others, such as DOD, do not have such statutory directives. Nat
urally, agencies that consider information to be part of their mission take 
its dissemination more seriously than do agencies without this assigned 
responsibility. 

Whether prompted by differences in congressional directive or by differ
ences in subject matter, the agencies vary most strikingly in the fraction of 
potentially useful material they cover. We have already mentioned that 
ASTJ A, the DOD's technical report information agency, collects not more 
than 40 percent of the reports that are byproducts of DOD's research and 
development programs. DTIE, the AEC counterpart of ASTJA, includes 
not only al\ AEC-generated reports but also all publications-from the 
open literature and from non-AEC technical reports-that deal with 
nuel""r science and technology. So to speak, DTJE is a "delegated agent" 
for all documents it interprets as relating to nuclear science. NSF makes no 
special attempt to collect and make available on request papers that grow 
out of research it sponsors. Such research is published as part of the 
regular literature ...,d is communicated through the usual channels of the 
learned !IOCieties. 

There are inconsistencies between the practices of the various agencies, 
even in what appear to be similar situations. AEC supports much research 

-In this and the following section the Panel draW! heavily on the work or a lpecial 
study JfOup consisting of }. H . Crawford, Jr., Chainnan, G . Abdian, W. Fazar, S. 
Pusman, IL B. Stegmaier, Jr., and Joshua Stem. The Panel acknowledges with .... Ii. 
tude the very important contributions of this group. 



that is as basic (and as little mission oriented) as anything supported by 
NSF; why should results of such research be kept and disseminated in the 
AEC system, whereas results of NSF research are not found in any agency 
system? Or again, NASA and DOD both support development of large 
rockets-yet the information generated in the NASA-supported program 
is more likely to find its way into the NASA system than is similar material 
supported by DOD to find its way into the DOD system. 

Inconsistencies between agency practices are not confined to the choice of 
what to eover. Take the matter of initial distribution ; some agencies cus
tomarily distribute as many as 1,000 eopies to other organizations adjudged 
to be potential user ; others, handling the same kind of material, distribute 
less than 100 eopies. Again, each of the agency systems has its own system 
of announcing, indexing, and 2hstracting reports. Some of the keyword 
indexing systems are mutually eompatible, some are not; some do not we 
keywords. 

The technical and mechanical incon istencies between agency informa
tion systems--differences in format, in indexing, in eompatibility of abstract
ing, in initial distribu tion and the like-are rather detailed matten that, 
under guidance of NSF's Office of Science Infonnation Service, are gradu
ally being remedied. On the other hand, inconsistencies in the altitud. 
of agency managers toward information are another matter; as long as 
information is eon,idered important by some agencies, but unimportant 
by othen, some agencies ,,';11 have an aggressive technical information system, 
others a weak one. 

Our fundamental rceommendation to each Government agency therefore 
is that it take information Odiously ; that all agency managements recognize 
information per se as an essential product of their agency's operation whether 
or not Congress has so directed ; and that they recngnize control and disaemi
nation of information to be a v.;ta1 part of research and development. 
Each agency ought to establish a [ocal point of responsibility for technical 
information-a highly placed official who will see to it that information 
activ.; ties in his agency are both sensible and vigorous. Such a focal point 
of responsibility must be a part of the agency's technical, not of its adminis
trative, management. The highly placed official would decide how much 
and what kind of information processing should be done; he would be 
expected to compare his agency's information activ.;ties with those of other 
agencies ; in short, he would insist on proper handling of the technical 
literature for which his agency is responsible. 

F. Itlln.g."", Coopnllli_ ,. Net"'" 
When each Government agency doing technical work has established 

a highly placed focal point of responsibility for information, and has endowed 
the penon in charge with enough authority to act, we shall expect a gradual 
improvement in the way the Government agencies handle the information 
they generate. But action by the a~ncies acting separately is not enough. 
Because the information handled by one agency is useful to another, inter-
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~.gency cooperation and consultation is needed ; we therefore applaud the 
Federal Council for Science and Technology for establishing a Committee 
on Information that will, among other thinss, try to establi h Government
wide standards for handling information. This committee will also have 
to draw attention to many of the obvious inconsistencies in the way differ
ent agencies handle comparable problems; to ask, for example, wby AEC 
should be a delegated agent with respect to nuclear leience and engineer
ing, but NIH not a delegated agent in molecular biology; or wby the 
amount spent on information by different agencies, per dollar spent on 
research and development, should vary so much. Such questions are not 
easily answered, nor is the correct answer always to spend more on informa
tion services. In addition, there are many technical details that, if bandIed 
more uniformly by the various agencies, would result in easier tranJler of 
information between the different agency systems. Such details will un
doubtedly require continued attention from the Committee on Information. 

The work of the Committee on Information will be supported by the 
NSF's Office of Science Information Service. This office knows the most 
about Government and non-Government information problems, and it 
will continue to play the important role defined in title 9 of tbe National 
Defense Education Act in rationalizing the Government', information 
services. However, s'"ce NSF is itself a Government agency on the same 
level as the other agencies, it can main Iy persuade, not direct, other agencies 
to comply with Government-wide standards or to accept appropriate respon
sibilities for handling their information. 

Government-wide leadership must come, in the fint instance, from the 
Fed.eral Council for Science and Technology, largely through its Committee 
on Information, in part through its staff support, and where necessary 
through its Chairman, the President's Special Assistant for Science and 
Technology. As a consequence, staff responsibility for problems of scien
tific and technical information must be a specifically assigned responsibility 
within the new Office of Science and Technology. 

G. GOfIeNlwu.t-WiJ. 1./or""";_ C'-M,iHnIHl A ... N • .J.J 
Government-wide clearinghouses will also be needed to integrate the 

agency systems with each other and with the non-Government information 
systems. Foundations for the needed clearinghouses are in existence, but 
a general strengthening is ne< ary. 

I. Current Efforts Intelligence 

One needed clearinghouse is a more adequate special bed center for Iei
entilic intelligence that could answer the question: who is doing what 
research where? Such an exchange should begin by covering only Gov
emment-spoDllOred research, but might eventually cover, on a voluntary 
basis, non-Government efforts. The current efforts clearinghouse would 
most appropriately be an expanded and strengthened form of the pteJeiit 
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Science Information Exchange (SIE). The SIE now keep track of about 
75 percent of federally IUpported bioJocical raearch, and baa juIt bqun 
10 cover the phyUcal lciences. We believe thla exchaap Ibould be ex
panded 10 that it coven all the physical and biological vienca II ••• ftd 
by Government as well as oon-Govemment; that a t«h...,qical eBor1I 
cJearingbowe (as part of or adjoining 10 the SIE) OUCht 10 be estaNisW; 
and that the Exchange IbouId n:ceive IUppOrt throuch IepU'&te funding 
rather than through voluntary contributiom from panicipating agen
cies. All Government.,xies COGCdoed with --m and devdopment 
can do much to help the Exchange by uIiac cIiligence and care in colJccting 
current efforts inteUigence, and in forwarding it, suitably pvkssvJ,. to the 
Exchant!e. 
2. Report Announce",.nt and Distributiort 

Government reports and other t«hnical documents are now announced 
and sold to the public through the 0fIice of Technical Services of the De
partment of Commerce and through the Superintendent of Documents of 
the Government Printing Office. The GPO announces and leila on1y 
material that it prints. On the other hand, although it leIla only thole docu
ments not handled by GPO, OTS, through its bulletin, U.s. Governmellt 
Research Reports, announces titles of all technical iepotb made available 
from research and development agencies, mainly AEC, NASA, and DOD, 
as well as those GPO documents with technical contenL 01'5 has been 
handicapped in the past because not all agencies have contributed their 
material to OTS, and because it needs more lOOney to carry on its businesa 
properly. We believe that OTS should be given enough support so that 
it can announce promptly and supply inexpensively a copy of any decWai
lied Government technical report to any customer-in sho~ that it ohould 
become a complete Government technical reports sa1es agency. 

3. Retrospectw. Search and Re'emll Servie. 

The technical information network is already an intricate array of agency 
collections, technical libraries, specialized centen, and private services; as 
our technology grows, the whole system will become even more complicated. 
How does a seeker of information know where to start a search Oil a partic
ular subject, and what help can he expect in making the search? If the 
searcher is knowledgeable about Government agencies and his question 
clearly pertains to a specific agency, the problem may be simple. But most 
inquiries cannot be handled simply. The casual UJCi' of the Government 
information system is unlikely to know that material on bioagricultura1 re
search is kept not only in the National Library of Agriculture, but also in 
the National Library of Medicine, in the Library of Congress, in the Atomic 
Energy Commission's Division of Technical Information Extension, and in 
many other places. A national referral service which could direct all in
quiren to the proper library or information lervice is an obviously needed 
switch in what would otherwise be a poorly articulated system of informa-
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tion systeml. The Panel therefore .trongly appro_ the recent joint action 
of the National Science Foundation and the Library of ConeiS 10 eataNiah 
a National Technical Refenal Center as part of the Library of ConeiCA. 

The propoeed National Refenal Center should keep trad of all.peciali....! 
information centers and should put prospective usen in touch with the ap
propriate .pecial centeno In view of our prediction that the numben 
of specialized information centen are likely to grow markedly, we believe 
this 10 be a particularly important activity of the Refenal Center. 

We would suggest also that this Center maintain an up-to-date register 
of all fonnal technical meetings, and that it publish periodically announce
ments of such meetings, preferably classified by field . 

THE RELATION BEIWE£N GOVERNMENT AND NON
GOVERNMENT INFORMATION SYSTEMS 

Wbere does the Government's responsibility for handling information, 
either as "wholesaler" or as "retailer," end? With respect to informal 
reports or documents put out entirely by the Govcrnment or its contractors, 
there is no question ; obviously the Government is responsible for di-",i
nating and retrieving its own report literature. One question that needs 
clarification is how much further does the Government's responsibility go
how should it deal with information, other than its own reports, that is 
relevant 10 its mission? 

We have seen the diversity of attitude among the agencies with respect 
to this central issue. At the cnc extreme are AEC and NASA ; th_ 
agencies are delegated agents in atomic anergy and space technology. 
They interpret their responsibilities very broadly ; AEC's DTIE therefore 
tries to keep track of all infonnation on atomic energy whether it is gen
erated within the Atomic Energy Commission or elsewhere. Its abstract 
journal and technical reviews cover both the Government and the non
Government literature, and it runs a full-fledged atomic energy information 
service, not merely a technical reports depository; in addition, it encourages 
non-Government communication in atomic energy. At the other extreme 
is DOD whose central infonnation system, ASTIA, handles only DOD re
ports. Should agencies other than AEC and NASA become delegated agents 
for dissemination of documents in their respective fields ; i.e., should they col
lect and disseminate in their central depository GIL the information relevant 
to their missions, whether or not it stems from work they support? 

One obvious advantage of a single agency'. becoming the delegated agent 
for a particular field is the great convenience to the usen; a space scientist 
or information center need look only at the tools supported by NASA, 
since NASA, by melding its own announcement service with that of the 
non-Governrnent Institute of Aeronautical Sciences, coven all space litera
ture. On the other hand, where the agency's mission confines it to only 
a small segment of a field, it would be unnatural and unwise for the agency 
to preempt the entire field. Thus each case mu t be examined in detail. 



The Atomic Energy Commiaion and NASA already are deJepted ...... 
in atomic energy and in apace. We believe this is juatified and worU wdl. 
Obviously DOD, becawe of i .. me and divenity of intereau, cannot become 
a delegated agent fCK all technology. Yet we believe that DOD could and 
should become a delegated agent in each of certain miuion-«iented ~ 
for example, in undenea warfare, in radar, in civilian clefeme. In theIe 
&real DOD ought to IUpply the aame kinds of bibliograpbic toob and iefV

ices at AEe does in atomic energy, or at NASA does in apace. It shouJd 
actively encourage non-Govemment inforruation activities, and it should 
interweave its own aervices with thole of. the non-Government agencies. 
On the other hand, where the area is very broad and not clearly miuion 
oriented, as, say, chemistry or physia, then DOD obviously cannot __ as a 
delegated agent-even though the heading. "chemistry" and "physia" 
should continue to appear in the ASTIA announcement bulletin. 

We believe that our recommendation to the Department of Defente could 
well be applicable to the National Institutea of Health : that NIH might 
identify special areas that are particularly germane to the work of its 
separate institutes, and that each institute consider establishing what would 
amount to a very elaborate sPeciali-' information center with ..crvices 
available to the entire biomedical community. The whole complex of NIH 
information centen might be serviced by the National Library f Medicine 
and, particularly, by the Median system. The focal point of responsibil
ity within NIH would be expected to eliminate overlap" and omissions in 
this complex. 

A. At..us M.uI A~~-fII s..o.l Res/JoruiiililNs 
In becoming a delegated agent for a given field, an agency must auwne 

many responsibilities beyond merely collecting, announc:in«, and abstract
ing relevant material. The agency mUll help establish and aupport apecial
i2ed information centen in the field; it must support worthy publishing 
ventures that would otherwise not receive IUpport ; a..,d it must generally 
take active leadenhip in encouraging better communications in the field both 
within and without the Government. In effect, we are proposing that 
agencies, as delegated agents, do for communication in the fields they cover 
what NSF-OSIS does for acientific communication in general. Nor is this 
without logic. Communication is an ~tiaI part of research; if an agency 
sponson research in support of the agency misaion, it ought also to allocate 
resources to support the communication neceuary for effective conduct of 
that research. 

The division of responsibility between NSF and the agencies parallels 
the miuion-discipline duality that ~ diJcuued in Part 2. The agencies 
would IUppor! miuion-<H"iented information activities ; NSF would do the 
same for the diacipline-oriented activities. For example, if the American 
Institute of Physia wished to experiment with a central depository, and 
if it needed Government support, it would go to NSF; if the American 
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Nuclear Society needed similar support, it would go to AEC. A specialUed 
information center in crystallography would be the responsibility of NSF, 
in viruses, of NIH. The separation between miaion and discipline is not 
sharp, and lIOI1le overlap between NSF and other agencies is to be expected. 
The FeST's Committee on Information would have to be ~nsitive to 
just ouch overlapping or omissions and would help keep the whole arrange
ment ICnsible and effective. 

Government involvement in scientific communication is going to grow, 
just as eo,~rnment involvement in science and technology is growing. Can 
this growth be so guided that user-sensitive non-Government systems are 
not swamped by elaborate Government systems that are relatively less user 
sensitive? The user ~ntiti';ty of the better technical society information 
systems is a precious thing; we should not lightly replace such systems with 
ad hoc systems conjured up by Government bureaucrats. We believe that 
the recommendations we have made will avoid this danger. In the first 
place, we have insisted that the focal point of responsibility in each a ency 
be part of the a ncy's research and development management. Much of 
the user insensitivity of Government information systems results, we believe, 
from their being part of administration rather than of research. Secondly, 
by delegating responsibility for mission-oriented information handling to 
miaion-oriented agencies, the Government will be represented by agency 
technical men who are usually members of the technical community that 
centers around the agency's mission. They would be expected to speak 
both languages, the technical community's and the documentalist's ; when 
they sponsor information activities they could be expected to temper any 
expansionistic predilections of the Government with an understanding of 
what the field really needs. Finally, we point out that support of an activity 
by Government does not necessarily mean domination by Government. We 
envisage that much of what an agency spends for information handling 
would be spent by contract to non-Government institutions. The N8F-
08IS has set desirably high standards for support without domination of 
scientific information activities. 

B. COfII...uIllw. 11 • CDfIIi •• '.g Probu. 

Coping with the problems of communication posed by tile growth of 
science and technology requires the help of all technical people, not only 
of the information specialists ; it requires the help of all Government age.ncies 
with investments in science and technology, not just tile agencies that have 
been specifically designated by Congress to support information activities. 
In this report we have therefore stressed two primary and simple points: 
first, that information is part of research and development; and GeCOnd, 
that all those involved in research and development- individual scientists 
and engineers, private institutions, industry, and Government agencies-
must become information-minded and mu.~t devote more of their resources 
to information. 

so 



• 

But, even thcugh our advice be taken ICnou.ly, problema of C ""D!Q-
tiOD will remain. We therefore believe that the President', Scienc<: AdviIory 
Committee, either by recwfent appointment of ad hoc p'neia or ~ a 
amall ,tanding panel with rotating membership, ohouId eWe continued 
attention to scientific and technical information. Such a panel would haVe 
to consider matten that have been touched only lightly by \II : for example, 
the eatabliabment of standards as to the amount of information needed; or 
the evaluation of the technical merit of apecific ICbemes for handling 
infonnation; or the further pursuit of the reIatiomhip between our na
tional information system and the international system. Above all, COIltinu
ing attention must be given to the balance between GovernmeDt and private 
activities. We must always seek to insure, on bel.all of both the Federal 
Government and the technical community, that the Federal information 
system remains adequate but does not overwhelm the existing non-Govem
ment systems, and that our Government and non-Govemment I)'ItCmI 

continue to develop into an effectively interwoven instrument that is aIwa . 
responsive to the changing needs of our science and technology. 
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