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MEMO TO TASK FORCE ALUMN. :  

ENCLOSED IS  A COMBINED REPRINT OF THE NAS-NRC REPORT AND OF THE 
SIX PAPERS GIVING THE RESULTS OF STUDIES THAT CONTRIBUTED TO THE 
REPORT.  TAKEN AS A WHOLE,  IT  REPRESENTS THE F IRST COMPREHENSIVE 
STATEMENT OF THE FACTS AND THE PROBLEMS OF COMMUNICATION IN BIO
MEDICAL RESEARCH.  

REQUESTS FOR REPRINTS ARE COMING IN AT AN ASTONISHING RATE;  THE 
NUMBER OF FOREIGN REQUESTS IS  PARTICULARLY SURPRISING.  THUS FAR,  
ALMOST ALL ARE FROM SCIENTISTS.  AFTER THE PAPERS HAVE BEEN AB
STRACTED,  WE CAN EXPECT TO HEAR FROM THE DOCUMENTALISTS AND 
L  I  BRARIANS.  

UNLIKE NIH AND NLM,  THE MEDICAL L IBRARY ASSOCIATION HAS PAID US 
THE COURTESY OF PROVIDING SOME "FEEDBACK."  OR.  BRODMAN,  THE 
PRESIDENT,  WROTE TO VERN PINGS,  WHO SUBMITTED THE NAS-NRC REPORT 
TO MLA FOR CONSIDERATION,  SAYING THAT THEIR BOARD OF DIRECTORS 
HAD CONSIDERED THE REPORT AND ASKED HER TO REPORT THE IR CONCLU
SIONS AS FOLLOWS: 

" I .  WE ARE GOING TO TRY TO WORK OUT MEANINGFUL STATISTICS FOR 
BIOMEDICAL L IBRARIES,  AS RECOMMENDED IN YOUR PAPER,  AND WE HAVE 
ALREADY BEGUN,  WITH NLM HELP,  AND WILL SEE IF  WE CANNOT INCLUDE 
OTHER ORGANIZATIONS,  SUCH AS THE AMERICAN DENTAL ASSOCIATION,  IN 
OUR DELIBERATIONS.  

2 .  WE HAVE ALREADY SET UP MECHANISMS FOR STUDYING THE PROBLEM 
OF MICROFORMS AND THEIR CONTROL.  THE COMMITTEE ON BIBLIOGRAPHICAL 
PROJECTS AND PROBLEMS IS  BEING ASKED TO MAKE RECOMMENDATIONS ON 
T H  i s .  

3 .  TRAINING.  THIS IS  A SUBJECT WHICH THE ASSOCIATION,  ESPE
CIALLY THE COMMITTEE ON CONTINUING EDUCATION,  AND THE NATIONAL 
L IBRARY OF MEDICINE ARE WORKING ON PRESENTLY,  BUT WHICH WE FEEL 
SURE WILL REQUIRE MUCH FURTHER WORK.  

WE WILL BE GETTING IN TOUCH WITH YOU IN THE FUTURE AS DEVELOP
MENTS OCCUR."  

!F  YOU WANT SOME MORE COPIES,  ASK DR.  LEE FOR THEM. THE FEDERATION 
HAS ^00 COPIES,  OF WHICH THEY WILL DISTRIBUTE A HUNDRED OR SO TO 
THEIR L ISTS AND SELL THE OTHERS.  THEY GAVE ME 200 TO ANSWER "GRATIS '  
REQUESTS,  AND IT  APPEARS THAT THIS NUMBER WILL BE INADEQUATE.  

R. H. 0. 
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FOREWORD 

IN THIS ISSUE is the final report of a broad study of "Communication Problems in 
Biomedical Research" made under the auspices of the Division of Medical Sciences, 
National Research Council. The Federation participated in this study, which repre
sents the first such inquiry to be focused specifically on the biomedical research 
effort, private and governmental. With the approval of the National Institutes of 
Health, the sponsor of the study, the report, slightly abbreviated, is being published 
here in the belief that its findings will interest a large number of biomedical scientists. 
The basic premise is that the biomedical communication system can best be guided 
by the active and informed participation of those whom it serves. Some of the major 
recommendations call for changes that only those directly engaged in research can 
effect through their individual and collective action. Others concern policies and 
specific services that directly or indirectly influence the major channels of communi
cation in the research community. 

The original report was supplemented by a collection of eight staff working papers 
prepared during the course of the study, seven of which were intended to serve as 
factual background for the development of conclusions and recommendations. These 
papers summarized, in rough form, the results of some of the intensive substudies 
the staff undertook in an attempt to marshal as much relevant data and information 
as possible with the time and resources available. The staff paper versions of the 
investigations performed in support of the Academy's study have since been exten
sively revised and supplemented with additional data and analyses. Four of the 
articles that resulted are published in this issue, and two more are scheduled for the 
November-December issue. Although each can stand alone, they share a common 
conceptual framework; and together they provide an objective, quantitative descrip
tion of the communication system serving biomedical scientists which, though tenta
tive and incomplete, helps to define more clearly the strengths and weaknesses of 
this system. The authors of each paper are those staff members and consultants 
who took primary responsibility for gathering, analyzing and describing the material 
of the paper. 

M. O. LEE 
Managing Editor 
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Introduction 

IT HAS BEEN APTLY SAID that new scientific knowledge 
is increasing much more rapidly than any other product 
of society. Many scientists have expressed their belief 
that the present problems of communication within the 
scientific community are critically different from those 
of the past. Because this outpouring of inforrnation 
results directly from the great expansion of research that 
has been instigated and financially supported by society, 
it is not surprising that society also has begun to be con
cerned. Specifically, the question is being asked whether 
the new knowledge is being transferred as expeditiously 
as it might be to those in a position to use it in the public 

'"pressures for action to improve communication in 
science are developing in both the legislative and the 
executive arms of government. For some time, the Senate 
Committee on Government Operations has been probing 
and exhorting. Meanwhile, the Federal Council on 
Science and Technology has been working to improve 
the exchange of scientific information among the many 
government agencies involved in research and the Office 
of Science Information Services of the National Science 
Foundation has been encouraging the systematic study 
of problems in communication and the search for more 
efficient methods of processing scientific mformation as 
well as promoting cooperation among all activities, bo 
private and governmental, that handle scientific infor
mation The President's Science Advisory Committee 
initiated two broad studies that led to reports containing 
specific recommendations for action.1 Although these 
studies attempted to cover science as a whole, the 
general recommendations were influenced primarily 
by conditions in the physical sciences and associated 
technological fields. The Public Health Service issued a 
report dealing directly with the biomedical sciences and 

no, by any been eon-
fined to the agencies of government. Within many 
ouarters of the scientific community there has been a 
parallel increase in concern and activity. Sessions devoted 
to the problems of scientific communication, committees 
to seek solutions, and society action programs have 
become common. 

, T~T v .,n the President's Special Assistant for Science and 

rn)- ̂ Technolos 
Communication in the Government, April igta. Government, 

Education, and Welfare, Feb. 1963. symposium, Bio-
3 One example in Ac 1of American Societies 

fortxpe^rml Biology in April .963. Federation Proc. 22: 973. 

1963. 

As an extension of these and other efforts to assess and 
strengthen the information resources of science, the 
Director of the National Institutes of Health, ^ October 
1062 invited the Chairman of the Division of Medica 
Sciences, National Academy of Sciences-National 
Research Council, to organize and conduct a broa 
examination and assessment of the problem of com
munication among working scientists in the bio,medical 
area." Subsequent conversations indicated that th 
Director was thinking of an intensive study that wou 
develop, in the space of a few months, some basic: co -
siderations that would be helpful in shaping nationa 
policies with respect to improving the biomedical com
munication complex, i.e., the aggregate of all 
tion activities serving biomedical research It was there
fore agreed that the proposed study should have limited 
objectives. First, it should be confined to scientist-to 
scientist" communication, recognizing that better com
munication between working scientists and professmna 
practitioners and between scientists and the Pu^lcJ^e 

urgent social needs worthy of separate study Second 
the study should survey the broad potentialities and 
implications of modern information technology, rather 
than attempt to evaluate specific applications in informa
tion processing that are already being actively inves -
gated by other competent groups. And third, the imp -
Lee 0/encouraging the flow of biomedical informauo 
across national, linguistic, and cultural b^nd^ 
should be acknowledged, but emphasis should be placed 
on the problems and needs of the generators and users 
of biomedical information in the United States, and on 
actions relating to the American biomedical commun >. 

If anything more than a superficial survey were to be 
made within the imposed time limit, it was evident tha 
the Division would need the help of organizations already 
knowledgeable in the field of biomedical communication^ 
Accordingly, the cooperation of the Federat^ 
A m e r i c a n  S o c i e t i e s  f o r  E x p e r i m e n t a l  B i o l o g y  ( F A ^ }  

and the Institute for Advancement of Medical Com
munication (IAMC) was sought and has been given 
without reserve. The Office of Documentation of the 
Academy-Research Council has also been most helpful. 
Dr. Richard H. Orr, Director of LAM.O accepted rc-
sponsibility for the design and conduct of the project an 
for the assembly of a small group of expert consultants 
to undertake special studies on a part-Hmebasis. A 
outline of a program was quickly deveffiped and th 
study was formally launched on January 1, 1963, with 
a target date of the end of October, 1963, for completion 

°f ShortlyLter the staff work began, an Advisory Com
mittee was appointed under the able chairmanship of 
Dr. Maurice B. Visscher. The memUers were selected to 
be broadly representative of the biomedical field and on 
the basis of an avowed interest in questions of scientific 

u9 
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gS""hf«ar»t„fc'rrt"of Lhe c°mmi,tte •» 
basis of these and of'the results, and, on the 
members, to develop A SIP,?""10™ and Judgment of its 
sions, and recommendations6™6"1 pnnciPles> conc]u-

survey the exis.i„gt™,« on"?™6 .0bj«™' ') •» 
to consider the degree to which it °rmatl0n services, and 
functional system finch,rT constituted a coherent, 
channels o/ fommunS'"' ^ °nl>: Such f°«nal 
indexes, abstracts and re" ^ ™eetinSs' journals, 
person-to-person communication)'-
and current studies of scientifi analyze past 
of their pertinence to th' b " C?.mmunicati^ terms 
data on the bhZibnf" »lfc« 
c o m m u n i c a t i o n  a " " * * •  ™ d  < h «  
scientists, and to collate iP1 PREJudlces of biomedical 
existing biomedical 
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identify basic principles and derive conclusions, as guide 
lines for private and governmental agencies responsible 
or promoting biomedical communication, distinguishing 

between actions that may appropriately he taken forth 
with ,„de,h„e that require further study or 

The findings were summarized in a brief report s.m 
plemented by a compilation of staff working pap,-, J 
formally submitted to the Director of the National 
Institutes of Health. The report is published hert ! ,h 
only minor revisions of form. Those who hav e worked 
the project hope that it will be of interest to rim 
gaged ,n biomedical research and ,0 the\ , T, C"* 
c o m m u n i c a t i o n  w h o  s e e k  t o  s e r v e  k l o J i U S l S i  

N V . .  ^ E , T H  CANNAN, Director 

STATEMENT OF BAS,C CONSIDERATIONS 
A. NATURE OF THE PROBLEM 

7" 2epZblemijRed and Concerns B°th 
Public and the Scientific Community 

Communication in science 00 • 
has always been and always will ho m°St buman affairs, 
two decades, however have wD " pr° m- The past 
aggravate this chronic problem of J changes that 
the output of new scientific inf ence" Not only has 
also the horizons of the traditfonT"0" mcreased> but 
and the ways in which research is ®C'e"tlfic disciPhnes 
ministered have changed profoundly Th" rd ad" 
ments have combined to impose on the nat *t CVeloP-
for scientific communication ational resources 
quantitative and qualitative. ^ StrCSSeS that are both 

municationproblem^srLlTnd0^166^ that the com" 
few feel that the situalTl sfcSaT""1' 
Programs or precipitate massive inn Ca" for crash 

demand is for continuing intensive^ d^' ^ 
mentation; and the scientific cn 3 experi-
mgly, approached the problem ™munity has> accord-
Panding established W of 1 by ex' 
evolving and testing new forms C°mmUnicad°n and by" 

^ r  n r t ;  -  ̂  public domain. Now that societv h problem m the 
a s  a n  i m p o r t a n t  i n s t r u m e n t  o f  n a t i o n a l " ' r C S e a r c h  

tific community must accept the ohr the Scien" 
the public that the massive social in 10n t0 satisfy 

is being soundly managed Some of ™ FeSearch 

B ,hc public f- ^ 

°n the investment are licing •! L f S°CiaJ retUrns 

communication of the results y inad«juate 
users. This concern has a| " n° S?1. to 

scientists in all fields VO,Ccd b>' individual 

mun,cations. Unless the scientific r Pr°VC 'U °Wn Com-
concern for this problemhr ^ows nmrc 

Because science is nm c 
cultural boundaries, l,y national or 
'nternaiional i„ £ ' dT1"''"'™''"" W I* 

"ve 'h'arnationa, achon"1 """ Z 

Resent . R'"^s of the I 
L .SClpllnary Groups Need heC ™munic*t'ons 
E'""" **« tZj rJrJfZ 'iJ" -'ferment 
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respect to sources of support. Inevitably, these discioli 
rsr rT deveIop<;d cha-°* - commu„S<!» 

meet their own particular needs. To make the most 
of the communication resources they have develooed 

^ZiZrd,srup,,on °f ; the disciplinary groups must play an active role in the 
oT°„rr,he™ r expa"ded ™ 

handle the growing volume of scientific information. 

4- The Biomedical Community is a Functional Disciplinary 
Grouping Appropriate Jar Initiating Action to Increase 
the Efficiency of its Communication Channels 

The life sciences constitute a rational segment of 
science and, within the life sciences, the biomedical 
sciences are a coherent group identifiable by their own 
professional and institutional organizations, by common 
conceptual foundations, and by particular obligations 

. ealth and medical services of society. Like other 
iscip mary gioupings, the biomedical community has 

evolved its own communication channels. It is appro
priate that this community assume the initiative in 
designing and implementing the changes required to 
serve its special communication needs. Although it seems 
best, for practical reasons, to approach the problems of 
scientific communication at the biomedical and national 
evels, it is of the utmost importance that means should 
be developed to improve interdisciplinary and interna-
lonal coordination of these partial efforts so that the 

intellectual unity of science may be sustained. 

B. NATURE OF SCIENTIFIC COMMUNICATION 

/. The I unctions of Communication Services are Broader 
Than Mere Transmission of the Results of Research 

It is sometimes implied that the primary need for good 
communication services is to ensure that the final product 
of research shall be expeditiously incorporated into the 
body of current scientific knowledge. This is a narrow 
view. Scientific communication fertilizes research at all 
stages m its conception, development, and fulfillment. 

he kinds of communication services that the scientist 
requires change with the progress of his investigation. 

COMMUNICATION PROBLEMS IN BIOMEDICAL RESEARCH 
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Any service that is to aid this process should be so de 
the^ss0 aCC°mm0date these subjective attributes of 

3• The Complex of Activities Contributing to Scientific 
Communication is Only Partly Formalized 

Studies of the scientific communication complex and 
efforts toward its improvement have tended to concen 

comn-,tm f°rmalized channel* and tools of written 
communication, such as journals, bibliographies ab 
stracts, and reviews. Recently, the formalized oral 
communication represented by the structured part of 
meetings has received some attention. The working 
scientist, however, does not depend on these forma! 
channels alone. Much of his essential communingTon 
whether oral or written, is informal and is achieved 
through impromptu exchanges on a person-torn™ 
basis by conversation and correspondence. In the opera 
tion of the communication complex and in the design 
of communication services or "systems," these informal 

weight. eXCha"SinS inf0rmMi°" »Te 

4- The Need is for Better Rather Than More Information 

Jke ^ °! SdenCe gr°WS by the continuous re
ordering of knowledge in the light of new information and 
concepts, rather than by mere accretion of "facts" 
The mounting output of biomedical information calls 
or a more rigorous winnowing of the wheat from the 

chaff-a more severe control of quality-and for greater 

ofThe^r^^r1^ T inf°rmation in the Perspective 
the old. Such control and critical evaluation should 

be exercised at all stages of the communication chain 
from generator to user. Only biomedical scientists can' 
perform these vital functions of science. 

J. Communication Requirements Vary With the 
Individual Scientist, His Role, His Field, His Project 
and His Environment; This Variety Must Be ' 
Accommodated by the Complex of Information Services 

2. Scientific Communication is an Intellectual, 
not a Mechanical, Process 

The problem of improving scientific communication 
should not be conceived as chiefly one of finding more 
efficient means of switching "facts" from points of 
origin to points of use. The problem is much more com
plex and elusive than this. Intrinsically, scientific com
munication is an intellectual interaction between indi
vidual minds. It is personal and intimate. It has an 
evanescent quality and is loaded with value judgments. 
Conceptual scientific communication in particular re
quires a degree of resonance between sender and receiver 
that cannot be ensured by efficient switching devices. 

A scientist may play many roles in the biomedical 
scene. At one time or another, he may be investigator 
practitioner, teacher, evaluator, administrator, or man
ager. What information he requires and how he wants it 
will vary with his role as well as with the field of his 
inquiry, the nature of his problem, the progress of his 
investigation, and the intellectual environment in which 
he is working An effective biomedical information 
complex must be comprehensive and flexible enough to 
respond to the changing requirements of the individual 
scientist and to accommodate the wide variety of bio
medical investigations and investigators without im
posing on all the patterns peculiar to any one. An 
information service that attempts to be all things at all 
times to all scientists is likely to be satisfactory to none. 
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6. Modes of Communication and Types of Information 
Service Useful in the Physical Sciences Are not 
Necessarily Appropriate for Biomedical Research 

The range of functions that the biomedical communi
cation complex is called upon to perform is much the 
same as that in any other area of science. The environ
ment of biomedical research, however, is distinctive in 
many respects. The fact that biomedical investigation 
is focused on the nature of living processes imposes 
unique restraints upon experimental approaches and 
unique levels of complexity on the ways investigators 
organize their thoughts and vocabularies and pursue 
their studies. Large organized programs of research are 
the exception and the technical report, which plays so 
important a role in engineering and in areas of the physi
cal sciences that are oriented toward technical develop
ment, is a relatively unimportant channel for biomedical 
communication. Biomedical research, moreover, is 
conducted mainly in academic institutions and is rooted 
in individual initiative. For these reasons, new forms of 
communication and new types of services that serve 
other scientific communities effectively will not neces
sarily be appropriate to, or of comparable usefulness in, 
the biomedical sciences. 

C. DESIGN AND MANAGEMENT 

/. The Biomedical Community Should Retain Responsibility 
for Managing its Communication Complex 

In the past, the community of biomedical scientists 
has been largely responsible for evolving and managing 
its own information services. This is natural inasmuch 
as the biomedical investigator is the primary generator 
evaluator, and user of the information generated by the 
biomedical research effort. The vast expansion and the 
professionalization of this effort in recent years has 
greatlj magnified the task of processing documents and 
information but has not created any critically new situa
tion that justifies relieving biomedical scientists of this 
responsibility. 

2. Today's Communication Problem Requires New Relation
ships Between Biomedical Scientists and Professional 
Information Processors in Their Information Services 

The traditional handlers of scientific information-
editors, librarians, and publishers—have been recentlv 
reinforced by new types of information processors 
between generators and users—documentalists, computer 
engineers, information system designers, audiovisual 
experts, document analysts, and other kinds of specialists 
Despite the efforts of the most able processors of both the 
traditional and the newer types, however, the communi 
cation complex cannot function efficiently without the 
active and educated participation of the generators and 
consumers of the information. The mounting loads and 
demands on this complex can be met only by intimate 
cooperation among generators, processors, and con-

Volume sj 

sumers. Those who process biomedical information must 
be integrated into the biomedical fellowship. 

3. Tomorrow's Communication System Should be Developed 
From the Present Complex by Judicious 
Introduction of Innovations 

It is sound policy to build upon the communication 
complex that now exists and has been proven by ex
perience. Major innovations should be incorporated 
only after they have been tested for acceptability, effi
ciency, and compatibility with other components of the 
complex. 

4- Effective Coordination is Necessary to Transform the 
Present Complex into a System That can Perform as 
Required at Reasonable Cost 

An ideal system for biomedical communication would 
provide any scientist with the information he needs 
when and where he needs it, and in the forms best suited' 
lor his use. The existing complex of services comprises 
many interdependent organizations, activities, media 
and languages that must be integrated into a coherent 
system if these requirements are to be approximated. At 
present, mechanisms for effective coordination arc poorh 

e\ elopeffi Both the over-all performance of the complex 
and its efficiency in terms of returns for expenditure of 

necessarv'to3"0' m°ncy ®uffer* Bct,cr coordination is 
necessar) to ensure complementarity and compatibility 
between journals, abstracting services, and libraries 
• MWe',as amonS hbranes and among abstracting serv
ices. The argument for coordination is not, however 

rgument for a monolithic master plan. There is need 

There^s I'dac^f P'Urality in information services. Here is a place for some redundancy and for so.,,,-

p-K 
5- J Comprehensive Communication Svs/em tf.„ • c wJSZJSSiZz i 
must include ^Toidy"S>'S1Cm '' 
tematic distribution, storing and j*°fcssinK—thc sys-
ments so that they reach th™ i gU1"g of docu-
and may be retrieved readilv C d '>C intcr«ted 
collection, evaluation, digestion ^ 
tion, and retrieval of items of inf S' dlssemina-
documents and other sources Th°rmatlon selected from 
mg begins where the processing of ! mation Process
ed requires a different tvpe of n Umenj? lcavcs off 
critical tables, and review Slides W" G°mpCnd,a1 

types of information processine Th!!!?01* traditionaI 
continue to be of great value m - .*** and WUI 
not, however, completdyteeuST Thcsc d° 
information on demand." Recentlv 7 S f°r spccific 

have been established that DrmS nUmbCr of ^-ices 
ing or derrao^j u. • nat Pr°\ide users, on a continu- * or demand basis withhe T"' 0n a co' 
narrowly defined field These °f lnf°rmation in a 

servic« have come to be 



„ef COMMUNICATION PROBLEMS IN BIOMEDICAL RESEARCH 

mown as Specialized Information Centers. Those 
S™es thft also undertake to provide expert evaluation 
of the quality, validity, and significance of the informa
tion proffered qualify as Specialized Information Evalua
tion Centers of the type recommended in the Weinberg 
report. 6 

6. Authors and Editors Must Participate to Make 
Document and Information Processing More Efficient 

Efficiency in processing documents and information 
or ready retrieval and use requires close cooperation 
>etween the generators of information and those who 

carry out the processing operations. Authors and editors 
must accept a responsibility for presenting new material 
in forms that facilitate indexing, abstracting, evaluation 
and synthesis. 

7. Modern Technology Should Be Exploited With 
Full Appreciation of its Promise and Problems 

Modern information technology, including intellectual 
techniques as well as mechanical and electronic equip
ment, by saving time and manpower, can contribute 
significantly to making better services possible. Mecha
nization of clerical operations can greatly expedite 
storage and retrieval of documents. Every effort should 
be made to exploit these new techniques in biomedical 
communication. Future technological developments hold 
the promise of automating completely some types of 
information services, including operations now con-
sidered to be intellectual as contrasted with mechanical 
but it should be recognized that the transition from 
partial mechanization to complete automation may carry 
the danger of reducing the flexibility previously provided 
by men in the processing chain. Efficient mechanization 
and automation will require a greater degree of coordina
tion and compatibility of services than now exists. 

8. Local Biomedical Libraries Are Logical Channels for 
Access to Total Resources for Document and 
Information Processing 

Services are more readily adaptable to individual 
needs and are more fully used if they are in immediate 
contact with the scientist. A coordinated network of 
strong local libraries and information services, linked 
to the large national and regional libraries and to other 
centralized information services, will provide the chan
nels through which a scientist can tap national resources 
yet retain the advantages of dealing by personal contact 
with a local service. 

D. SUPPORT: FUNDS, RESEARCH, AND MANPOWER 

1. The Biomedical Community Previously Exercised 
Control of its Communication Complex by Holding 
the "Purse StringsWays Must Be Found to Preserve 
Control as Public Subsidy Increases 

In the past, biomedical information services have not, 
in the main, been a public charge. This is a healthy 
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tradition that should be maintained as far as possible 
Jecause it provides the best assurance that the biomedi
cal community will continue to control its own communi
cations. With the great expansion of scientific information 
in recent years, however, it has proved impossible to 
maintain some of the essential communication services 
and to meet some of the demands for new and improved 
services on the same basis as in the past. The sponsors 
of research have found it necessary to subsidize many 
services performed by private organizations and to 
establish and operate themselves a number of new serv
ices, some of which are intended primarily to serve 
their own managerial needs. The necessity for research 
sponsors to support communication services will prob
ably increase as biomedical literature and the size and 
complexity of the biomedical research effort continue 
to grow. In this situation, it is essential that new mech
anisms be developed to preserve control by scientists 
and ensure that elements of the complex do not become 
autonomous and poorly related to the community func-
tions they are intended to serve. 

2. Research on Scientific Communication Can Speed the 
Total Biomedical Effort; It Should Be Generously 
Supported and Recognized as a Scientific Endeavor 
in its Own Right 

Research on the means and processes of communica
tion can make a very significant contribution to the 
national biomedical effort. Generous support is war
ranted, both for investigations and pilot projects that 
seek to exploit advanced information technology for 
biomedical communication services and for basic in
quiry into the functions served by communication 
processes. Equally important for bringing the best 
talent to bear on the problems of biomedical communica
tion is the recognition of communication research as an 
endeavor m the same scientific tradition as the more 
traditional lines of research. 

3. Mounting Demands for Trained Personnel 
to Provide Services and Conduct Research 
in Communication Require Recruiting and Training 
Programs Best Based in Academic Institutions 

There presently exists a shortage of trained personnel 
to man existing biomedical communication services 
Any large effort to improve and diversify these services 
will intensify the demand. A sustained effort in recruit
ment and in the provision of a variety of training- pro
grams is required. There is need to recruit personnel 
whose major experience has been in biomedical investi
gation or instruction and to train them in the techniques 
of handling documents and information. There is need 
also, to acclimatize librarians, documentalists, and other 
types of specialists in information handling to the con
cepts and practices of biomedical investigation Both 
types of training are best provided in an academic 
atmosphere where education is associated with research 
in communication. Graduate schools for the biomedical 
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sciences, with their local communication services and 
their university environment, can supply this atmosphere 
but will probably need to be subsidized if they are to 
develop the needed facilities. 

Although the required numbers of personnel are 
smaller, recruiting and training programs for research 
in communication are equally critical. The ideal at
mosphere for these programs is also the biomedical 
graduate school. 

CONCLUSIONS AND RECOMMENDATIONS 

A. RESPONSIBILITIES OF THE BIOMEDICAL COMMUNITY 

In the catalogue of Basic Considerations that has been 
presented above, repeated emphasis is laid on the princi
ple that the biomedical community must continue to 
play an active role in the conduct and management of 
its communications if the quality and usefulness of the 
scientific record is to be maintained. These responsibili
ties should be accepted not only as an obligation to 
science and to society, but also as a challenge to scholar
ship. A large segment of the biomedical community does 
accept this obligation and challenge. Many others, 
however, are reluctant to serve as teachers, editors, 
referees, critics, or evaluators of the literature in the 
fear that these responsibilities will be a burdensome 
distraction from their own investigations. 

1. Community Action 
There is a need to diffuse more widely among scientists 

an appreciation of the principle that the nurturing of 
good communications is an intrinsic and rewarding part 
of the advancement of knowledge, a hallmark of scholar
ship, and a stimulus to creativity. A need exists also to 
extend greater academic recognition and prestige to 
those scientists who willingly contribute thought and 
effort to the improvement of scientific communication 
and to the members of those professional groups that 
operate information services for the benefit of scientists. 
Participation in the communication process should be 
more widely spread over the expanding biomedical 
community so that the burden on individual scientists 
will not be onerous and the fellowship of science will 
be enriched. 

2: Individual Action 
Much can be done by individual scientists to improve 

the existing channels of communication and prepare for 
the introduction of new types of information services. 

a. In their role as instructors, scientists should place 
more emphasis on training their graduate students in 
oral communication and the use of visual aids, in the 
writing of original papers, in editing and abstracting, 
and in the preparation of critical reviews and bibliog
raphies. There is need also to train students more ade
quately in the use of libraries and of other information 
services and to encourage them to explore the potentiali
ties of modern information technology. All these activi

ties should be introduced to students as intrinsic dements 
in the life of a mature investigator. Instructors should >e 
alert to identify the occasional student who evinces an 
unusual interest in problems of communication and 
should encourage him to pursue these problems as 
worthy intellectual endeavors. 

b. In their role as investigators, scientists should seek 
to cultivate a closer fellowship with the stalls ot ih< 
institutional libraries that serve them so that a spirit of 
mutual participation in research by the generators, 11-.1 1 >, 
and processors of information may lie cultivated. Li
braries will be encouraged thereby to seek to improve 
and diversify their services in ways that will be most 
responsive to the needs of individual invcstigatoi s. 

c. As members of faculties, scientists can promote the 
importance of local scientific communication serv ices 
at the administrative levels of their institutions and can 
press for more adequate support of institutional library 
services. 

d. As members of national advisory groups, scientists 
have the opportunity to encourage sponsors of research 
to promote the study of problems in communication and 
to explore the potentialities of new proposals. 

e. As members of editorial boards, scientists should 
also seek to improve coordination, to maintain high 
standards of quality, to accelerate publication, and to 
reduce costs. They should cooperate with the Conference 
of Biological Editors and with other private and govern
mental organizations in seeking these ends. 

B. FACILITIES AND SERVICES 

The following conclusions and recommendations 
pertain to improvements and innovations in information 
services and facilities. 

1. Meeting Announcement Services 

The Library of Congress, the Department of Health, 
Education, and Welfare, and other governmental and 
private agencies provide information on forthcoming 
meetings of interest to biomedical scientists in addition 
to the meeting notices printed in many professional 
journals. Science and the Journal of the American Medical 
Association publish particularly extensive lists of future 
meetings. International meetings are covered by the 
Council for International Organizations of Medical 
Sciences. These announcement services are steadilv 
improving but do not cover all meetings. 

A national clearinghouse of information on biomedical 
meetings should be established in an appropriate institu
tion such as the National Referral Center for Science and 
Technology of the Library of Congress. Those who spon
sor or support meetings should ensure that the organizers 
of these meetings inform the clearinghouse of plans and 
programs. 

a. Open meetings. The proposed clearinghouse would 
provide any meeting announcement service with infor
mation on open meetings to supplement that from their 
own sources and would also, on request, provide organ-
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izers of prospective meetings with information on possible 
conflicts or duplication. 

b. Closed meetings. Attendance at many biomedical 
meetings is limited to invited participants. Support 
for many of these closed meetings is sought from funding 
agencies, which, if they are to program effectively and 
to a\ oid undesirable duplication, should have means of 
learning whether related meetings have recently been 
held or are under consideration. The proposed clearing
house would provide this information. 

2. Translation Services (see also sections B.8.6. and c.) 

a. .\ational translation clearinghouse. Although the past 
few years have seen the development of several private 
and governmental centers that maintain lists of existing 
translations of scientific documents and provide copies 
of translations on request or inform potential users about 
where these translations may be obtained, the complete
ness, speed, and ease of use of the service provided by 
these centers leave much to be desired. 

The Public Health Service (PHS) should assume 
leadership to ensure that an effective national clearing
house is developed for the biomedical community by 
working with the National Science Foundation (NSF) 
to improve one of the existing clearinghouses. To avoid 
the expense of paying for translations that have already 
been made elsewhere, biomedical libraries and informa
tion services should be able to learn quickly from such a 
clearinghouse, by mail or faster means, whether a 
desired translation is available elsewhere. 

b. Local translation coordination centers. All libraries of 
institutions conducting biomedical research should act 
as local translation "coordination" centers to which 
biomedical scientists could turn first when they need 
translations. Libraries should be organized to perform 
the following functions in response to a request: find a 
translated abstract; determine whether any of the insti
tution's staff have the required language and subject-
matter proficiencies; arrange for partial translations by 
local staff; search lists of translations that have been 
made elsewhere and, if the desired translation is avail
able, obtain a copy; contract with commercial services 
for translations that cannot be accomplished by local 
staff, that are not listed as available, or that are urgently 
needed; and register any translations made or ordered 
locally with the national translation clearinghouse. 

3. Audiovisual Services (see also sections B.IO .a. and b.) 
For biomedical information recorded in audiovisual 

form, the National Audiovisual Facility of the Com
municable Disease Center of the PHS should be de
veloped to the point where it is analogous to the National 
Library of Medicine (NLM) as a central resource for 
such records and a compiler of "tools" for their retrieval. 

? 4. Specialized Information Evaluation Centers or Services 
The term "specialized information evaluation center" 

(SIEC), or "service" if decentralized, should be used 
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to designate a service available to scientists on a national 
or international basis that performs one or both of the 
following functions for a field of research and develop
ment: evaluation of the quality, reliability, or validity 
ol information; and synthesis of information extracted 
from a number of documents or other sources. Providing 
this type of service requires the participation of scientists 
who are themselves actively engaged in research in the 
given field. 

By this definition a number of existing services qualify 
as specialized information evaluation centers (or serv
ices), for example, the Handbooks of Biological Data 
compiled under the auspices of the Federation of Ameri
can Societies for Experimental Biology, the American 
Physiological Society s continuing series of Handbooks of 
Physiology, and periodicals devoted to critical reviews, 
as well as less conventional services, such as the Psycho-
pharmacology Service Center of the National Institute 
for Mental Health (NIMH). Existing services of this 
nature should be supported and strengthened once their 
quality and utility have been established. 

Currently there is considerable enthusiasm for estab
lishing new centers to handle unpublished and published 
information in active biomedical research areas and to 
provide service that emphasizes currency, speed and 
responsiveness to inquiries by individual scientists. The 
value of this type of SIEC, when properly conceived 
and organized, has been established for certain areas of 
engineering and the physical sciences. However, since 
such centers are expensive in terms of both money and 
research manpower, and since biomedical research has 
distinctive characteristics, this concept of service should 
be adopted with caution in the biomedical field pending 
the outcome of pilot projects. Agencies funding biomedi
cal research should support by contract a limited number 
of carefully selected pilot projects for a 3- to 5-year 
period, with built-in provisions for objective evalua
tion. Special attention should be given to ensuring that 
such centers utilize to the optimum the services of exist
ing document processing services, such as the Medical 
Literature Analysis and Retrieval System of NLM 
(MEDLARS), rather than duplicate their work. 

Although not designed specifically to evaluate this 
concept of information service, experience with the 
National Clearinghouse for Mental Health Information 
now being developed by NIMH, and the National 
Clearinghouse for Drug Information planned by the 
PHS, will also provide information useful in assessing 
the promise and problem of SIEC's in biomedicine. 

5. Specialized Information Centers 

This term is currently used very loosely; at one extreme 
it is used as equivalent to SIEC, at the other it denotes a 
collection of documents specialized for a particular 
area of research and organized to provide rather con
ventional library services to scientists on a national or 
regional basis. Several hundred services in the United 
States have been identified, to which this term in the 
broad sense might be applied. Currently the National 
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Science Foundation is encouraging the development of 
objective methods for evaluating the quality and utility 
of the variety of services offered by such centers. Al
though there are undoubtedly areas of biomedical re
search that could profit from the services of centers that 
attempt to collect all available information in a given 
area (published and unpublished) and that organize 
documents so that they may be retrieved in highly 
sophisticated ways, in general the greatest promise 
seems to be in centers that process information rather 
than documents and that make possible true information 
retrieval, by providing scientists with the specific items 
of information they want rather than referring to 
documents that may contain the desired information. 
This type of service may consist of publishing a "tool" 
that assists such information retrieval, e.g., the Index-
Handbook of Cardiovascular Agents, or of answering specific 
inquiries, e.g., the Cancer Chemotherapy National Service 
Center of the National Cancer Institute. 

Like SIEC's, this type of center is expensive in money 
and scientific manpower. Although scientists actively 
engaged in research may not be necessary for this type 
of information processing, a high level of scientific 
competence is required. Support for existing and new 
centers of this type should be governed by the same 
consideration as for SIEC's. 

6. Local Biomedical Libraries 

The libraries of academic and research institutions 
represent a vital component of the biomedical communi
cation complex. This component has, however, deterio
rated progressively from lack of support while the 
demands on it have steadily mounted. If institutional 
biomedical libraries are to function as local information 
service centers through which the scientist can tap the 
total national resources for document and information 
retrieval, and if scientists are to obtain the documents 
they learn about through the more efficient reference 
retrieval services that are being rapidly developed, 
strengthening this key component of the complex must 
have the highest priority. 

An effective program to repair the damage resulting 
from years of neglect, and to transform biomedical 
libraries into modern information service centers, will 
require substantial financial support as well as efforts 
to train personnel, to develop new and improved types 
of services, to establish standards of service, and to 
elevate the status of libraries in the academic environ
ment. (see sections b.2.a., c.4, d.2.a., and E.I.) For the 
short term, this support should be in the form of direct 
grants-in-aid to academic libraries in amounts sufficient 
to enable each to improve substantially and rapidly the 
quality and scope of its services and to enable all to meet 
certain minimal standards of service. This aid should 
supplement, not replace, regular institutional support. 
For the long term, means must be found to ensure that 
these libraries are adequately and continuously sup
ported so that they may provide a high level of services 
to biomedical scientists. This may require the routine 

allocation to library services of a set percentage ol 1 re
search funds received by biomedical institutions. 

7. Interlibrary Loan Services 

The load on the interlibrary loan network of the bio
medical information complex has been increasing stc aclily 
and promises to mount sharply with the imminent ad\ ent 
of new and improved reference retrieval services. 1 lu 
capacity of this network is seriously strained at present 
and is grossly inadequate to meet the loads ol the next 
few years. Pending the results of a special study see 
sec. c.4.6.) of ways to improve this network and the 
establishment of effective monitoring of the trail a in 
this network, immediate steps should be taken to provide 
short-term support for this network by subsidizing the 
interlibrary loan services of academic and other non
profit institutions. 

8. The National Library of Medicine 

As the central resource for the network of biomedical 
libraries and information services, and as the major 
indexing service in the biomedical field, NLM is the 
hub of the entire document retrieval component of the 
biomedical communication complex. NLM is to be 
congratulated on the careful planning that has gone into 
the MEDLARS program and into increasing the cover
age, currency, and quality of Index Medicus. The bio
medical community and all agencies concerned with 
biomedical communication should give NLM full sup
port in its efforts to improve its services, which arc 
indispensable to the effectiveness of the present complex 
and to its future development. 

NLM is at present considering many plans for new 
types of bibliographic services. The following represent 
endeavors worthy of special attention: 

a. It is essential for the biomedical sciences to have a 
single, master bibliographic tool that is truly compre
hensive and sensitively reflects the changing scope of 
biomedical research. NLM should be encouraged to 
broaden the coverage of Index Medicus and MEDLARS 
to encompass the total output of U.S. biomedical re
search, beginning with that supported by National 
Institutes of Health (NTH) and other governmental 
agencies, regardless of whether the form of publication 
is a journal article, book, technical report, or other type 
of document, and irrespective of whether the document 
is covered by another indexing service. Indexing per
formed by other services could be accepted if compatible 
with MEDLARS and suitable for the biomedical com
munity. 

b NLM in consultation with the National Federation 
of Science Abstracting and Indexing Services should be 
encouraged to seek out gaps and deficiencies in the 
abstracting coverage of biomedical literature and .0 
assume leadership in seeking to close these gaps and 
c o r r e c t  a n y  d e f i c i e n c i e s ,  ( s e e  s e c t i o n  b . o  c  q  f  o \  \ >  
ticular effort should be made to ensure that 111 substan 
tive foreign literature is being abstracted with reasonable 

K 
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promptness. The current NLM program to improve ab
stracting coverage of Russian literature as well as that in 
other languages commanded by few American scientists 
is an excellent step in this direction. Eventually, it may be 
desirable to include for each biomedical document 
stored in the MEDLARS system either an abstract or 
information on where abstracts of the document may be 
found. 7 

c. NLM currently supports the publication, in widely 
circulated journals, of translations of Russian articles 
carefully selected by editorial referees. This program is 
an excellent way of introducing to the U.S. biomedical 
community relatively unfamiliar and neglected segments 
oi the foreign literature. NLM should be encouraged to 
extend this concept to other foreign-language material 
that is also unfamiliar to American scientists. 

d. NLM should utilize the full resources of the Federal 
Library System (the Library of Congress, National 
Agricultural Library, etc.) and endeavor to fill, in 
this way, requests by libraries for biomedical documents 
not held by NLM. 

e. Although, in the MEDLARS program, the termi
nology of requests for subject searches will be used as a 
guide for revising and updating the subject headings 
used for indexing and producing Index Medicus, NLM 
should be encouraged in its efforts to establish continuing 
mechanisms whereby the community of research workers 
can participate directly in developing new subject 
headings and revising outmoded terminology. 
/. NLM should ensure that the biomedical community 

and its libraries are aware of recent changes in the policy 
of the Defense Documentation Center (formerly the 
Armed Services Technical Information Agency, ASTIA) 
that make available to all grantees and contractors of 
the PHS the center's services for searching the technical 
report literature and supplying copies of reports. 

g. Depository for unpublished documents. There is a grow
ing need for a mechanism whereby voluminous tables 
and other details too lengthy to include in published 
papers can be made available to the relatively few who 
need this type of material. Pilot trials of new forms of 
publication, in which copies of documents are furnished 
on request (e.g., see sec. B.IO.C.), also require a similar 
mechanism. Therefore, NLM should examine the ques
tion of a proper depository for such "unpublished" 
documents that would deliver the documents rapidly and 
inexpensively, and should decide whether the biomedical 
field should use the present depository service provided 
by the Library of Congress or establish one elsewhere. 

g. Specialized Abstracting and Indexing Services 

Aside from the broad, inclusive abstracting and in
dexing coverage recommended in sections B.8.a and b., 
the most pressing need is for a special study to develop 
standards for abstracting and indexing services (see 
sec. c.3.) and for a program to continuously monitor 
biomedical abstracting and indexing (see sec. F.2.). 
In the meantime, support of conventional types of 
abstracting and indexing services by agencies funding 
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research should be limited to relatively narrow fields 
where a special need can be convincingly demonstrated. 
Any such specialized services should make maximal use 
of the output of the major broad services and should be 
supported by short-term contracts. Continuing support 
should be dependent upon objective and systematic 
evaluation of the quality and utility of the service. 

10. Pilot Trials of Nonconventional Types of Services 

The evidence accumulated in other fields of science 
and from studies of scientists' information habits and 
requirements is adequate to justify carefully designed 
and selected pilot trials of several nonconventional 
types of information services. Agencies funding bio
medical research should support by contract, for limited 
periods, such pilot trials to test the feasibility, value, and 
acceptability to the biomedical community of these 
types of services, and to assess their compatibility with 
existing conventional services. These pilot trials might 
include: <2.- making available quickly, on request, in-
ormal records (in the form of documents or audiovisual 

materials) of oral reports given at meetings; b: using 
telephone, radio, television, and motion pictures to 
iring the benefits of active or passive participation in 

meetings to a broader segment of the United States and 
international biomedical community; c: publishing by 
established journals, of abbreviated versions of papers, 
the full texts of which are supplied on demand in full-
size or microform copies and are processed by abstract
ing and indexing services; d: using advanced techniques 
in the publication of established biomedical journals, 
e.g., computer composition, phototypesetting, micro
form editions, author composition, and methods for 
obtaining continuous "feedback" from readers; screen
ing computer tapes that list new documents, such as the 
magnetic tapes produced in the MEDLARS program, 
to provide individual biomedical scientists with a current 
awareness service specially tailored to their interests 
habits, and preferences; and f: providing thesauri of 
current terminology in major areas of biomedical re
search suitable for use by authors and editors in choosing 
indexing terms to be published with journal articles or 
supplied to appropriate abstracting and indexing serv
ices. Such thesauri should be compatible with and com
plement those of the major, broad indexing services, 
such as Index Medicus and Chemical Abstracts. 

C .  SPECIAL STUDIES NEEDED FOR POLICY DECISIONS 

It is recommended that further study of the areas 
outlined in this section be undertaken before certain 
policy decisions are made regarding support of informa
tion services. Other investigations of a more general 
nature are recommended in section D. 

I .  Prepublication Channels of Information 

. a- Meetings, conferences, and symposia. The contemporary 
biomedical scene is characterized by a heavy calendar 
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of meetings varying widely in purpose, form, and size. 
Some follow traditional patterns of scientific assemblies 
while others take forms improvised to cope with the 
expanding population of biomedical scientists and the 
changing horizons of the disciplines. The sponsors of 
research are being increasingly called upon to support 
meetings of all sorts and varieties and are embarrassed 
by the lack of criteria by which wise decisions may be 
made. In the absence of an agreed set of principles, there 
is danger that choices may be made on the basis of the 
uncoordinated decisions of many independent advisory 
groups or simply on a policy of "first come, first served." 

There is need for a deliberate study leading to the 
development of an acceptable set of criteria to guide 
those responsible for programming and funding the na
tional biomedical research effort. The study should in
clude a survey of current practices in the organization 
and conduct of meetings, of the extent to which duplica
tion occurs and is justified, of the purposes served by dif
ferent types of assemblies, and of the views of the bio
medical community on the informational functions of 
various types of meetings. Consideration should also be 
given to the question of how the products of meetings 
should be placed in the printed record. The study should 
be under the direction of a representative group of bio
medical scientists in consultation with officers of organi
zations experienced in the planning of meetings and with 
representatives of research funding agencies. 

International congresses and international meetings 
of more limited scope provide unique channels for formal 
and informal oral communication between American 
scientists and those in foreign countries. Judicious support 
of these assemblies by funding agencies is fully justified 
by the substantial contribution that they make to the 
advancement of biomedical knowledge and to the en
couragement of international cooperation in research. 
International biomedical meetings are, however, in
creasing rapidly in number and in variety of sponsorship 
and subject matter. Such international bodies as World 
Health Organization, International Council of Scientific 
Unions, and Council for International Organizations of 
Medical Sciences should be encouraged to intensify their 
endeavors to improve the quality of international meet
ings, to experiment in new forms, and to minimize 
undesirable duplication. 

Requests for the support of the organizational costs 
of international meetings and for travel funds for partici
pants continue to mount. The investment of U.S. funds 
is already substantial and could become disproportionate 
to the scientific returns if wise discrimination is not 
exercised in allotting funds. The efforts of funding 
agencies to develop criteria for administering the funds 
available to support international communication 
should, therefore, be endorsed by the scientific com
munity. 

b. Directories and registries of ongoing research. Some 
agencies (e.g., National Aeronautics and Space Adminis
tration and Atomic Energy Commission) have extensive 
services to inform individual participants in their re

search programs of the existence of other contentpoi .11 \ 
work related to their own. Recently, NIH began pub
lishing an annual subject index ol all its extramural 
grants. A service with more comprehensive co\eragt is 
offered by the Science Information Exchange (S1E). 
This organization seeks to maintain as complete a 
registry of all ongoing research as possible and a file 
of summaries of all active research projects. SIE is 
prepared to make searches of this file for responsible 
scientific organizations and individual scientists. It is 
to be commended for the services it provides and should 
be encouraged to increase its coverage, particularly with 
respect to intramural research in government institutions 
and to projects that are not included in the program of 
major granting agencies. 

These kinds of services are available to those respon
sible for the administration of funding programs and 
those who direct mission-oriented programs. They are 
also helpful to those who wish to explore current trends 
in the national research effort. As yet, however, there is 
little evidence bearing on the extent to which working 
scientists use services such as SIE or the NIH Research 
Grants Index, or on the potential value of these services 
for the conduct of research. A study of these questions 
would be helpful in guiding policy with respect to 
modifying or expanding these kinds of services. 

2. Publications 

a. Page charges. The expanding output of original 
papers, coupled with the increasing costs of publication, 
has forced up subscription rates of man)' journals close 
to or beyond the point of diminishing returns. Journals 
that are unable to command large advertising revenues 
or do not receive some other form of subsidy are threat
ened with insolvency or restrictions on the volume of 
material they can publish. A form of support coming 
into increasing use is the page charge. Insofar as funding 
agencies accept these charges as part of the costs of 
research, they are obviously providing an indirect sub
sidy to the journals that use this device. 

The problem is not simply an economic one. If the 
practice of page charges is not to be abused, funding 
agencies must develop criteria for determining whether 
the charges of a particular journal will be accepted 
The costs of an indiscriminate policy will be high and 
difficult to assess, and such a policy will tend to encourage 
uneconomic practices and to perpetuate journals that 
have outlived their usefulness. A policy of discrimination 
on the other hand, will have the effect of withdrawing 
from the biomedical community a measure of control 
over its channels of primary communication 

There is urgent need to study the question of page 
charges before this device becomes a generallv accemed 
practice in the biomedical field. The studv should 
examine in depth the anticipated effects on the standards 
of primary publication in the biomedical field of ,7 
and other forms of subsidy. d °f th,s 

b Economics of publishing separates. From time to tim 
it is suggested that the user of biomedical'Xmat'ion 
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would be better served if he received only those articles 
that interested him rather than bound issues containing 
all ai ticles accepted by journals in his field The usual 
proposal is that a journal circulate to its subscribers a 
list ol titles of accepted articles. Separates of all articles 
would be printed and distributed to libraries while 
indi\ 'dual subscribers would be entitled to receive the 
particular articles they selected from the list of titles. 

As a preliminary to any pilot trial of this form of 
publication, it is recommended that a study of costs be 
undertaken. It should be possible from the unit costs of 
the various operations involved to derive a formula 
that would predict costs in defined situations to the user 
the publisher, and those who would have to process the 
documents, e.g., librarians, and abstracting-indexing 
services. & 

j. Abstracting and Indexing Services 

The development of consistent policies for support of 
abstracting and indexing services is hampered by lack of 
approved standards and criteria. As a basis for the 
development of standards, a careful study should be 
undei taken ol duplication, promptness, accuracy, com
patibility, and users' needs. Any proposed standards 
should be reviewed by representative groups of biomedi
cal scientists and operators of abstracting and indexing 
services. 

4. Library Services 

a. Standards. It is increasingly evident that institutional 
libraries will require additional public support if they 
arc to meet the needs of the expanding research activities 
of their institutions (sec sec. n.6.). Subsidy is, however, 
justified only if acceptable standards of service are met. 

The present standards for service by institutional 
libraries vary widely and are not defined in terms of the 
needs of the user. A study is needed to establish minimal 
standards and optimal goals for the operation of the 
various services that local libraries offer. These standards 
will provide valuable guides in developing a long-term 
program for the support of biomedical libraries. 

b. Interlibrary loan system. The present informal system 
of interlibrary loans is perilously close to breakdown. 
Short-term measures to preserve this vital service are 
recommended in section B.7. Several plans have been 
suggested for the long term: /) a new centralized system 
might be developed around the National Library of 
Medicine, which would undertake to meet all demands 
for interlibrary loans of biomedical documents through
out the nation; 2) regional loan centers might be estab
lished to serve restricted areas; or 3) local biomedical 
libraries might be so strengthened as to become self-
sufficient. Each of these proposals would involve large 
commitments in funds. A systematic study of present and 
'uture needs and of the relative advantages of these and 
other alternatives is required before a course of action is 
chosen. 
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D- RESEARCH AND DEVELOPMENT 

Systematic research and development in scientific 
communication is relatively new. The biomedical 
sciences can profit from lessons learned in the physical 
sciences, where research and development in scientific 
communication first became a major endeavor. Al
though activity in this new field has recently expanded 
rapidly, the promise that such research offers for in
creasing the effectiveness of the entire scientific effort 
has only begun to be realized. Up to now concentration 
on the problems of storing and retrieving documents and 
information and of mechanical translation has led to 
relative neglect of large areas equally fruitful for study. 
A balanced, long-term program of research, including 
>ehavioral studies and new conceptual approaches to 

communication, as well as exploitation of mechanical 
and electronic devices, is required for major improve
ments in biomedical communication. 

1. Specific Research Projects 

A number of specific studies and projects have been 
recommended elsewhere in this report. Here attention is 
called to broad areas that have special promise for 
research and development. 

a. Meetings: improvement of the design and conduct 
of meetings of all types; 

b. Journals: assessment of quality control by refereeing 
and other means, publication habits of authors, foreign 
distribution of U.S. biomedical publications; 

c. Linguistics: languages for facilitating man-machine 
exchanges, spoken languages to facilitate international 
communication; 

d. Microforms: applications to publishing and docu
ment storage, studies of acceptability and economy; 

e. Media other than the printed word: uses of film, video 
tape, computer tape, sound recordings, and other non-
print media in biomedical communication; 

f. Behavioral studies: habits and prejudices of biomedi
cal scientists as generators, evaluators, and users of infor
mation; relation of creativity to use of information re-
sources; and 

g. Potentialities of future technologic developments: probable 
implications and impact of practical associative elec
tronic memory banks, machine translation, and high
speed character readers and telefacsimile transmission 
upon biomedical communication. 

2. Centers for Research and Development 

SIGs and SIEG s, although functioning primarily as 
national services, must maintain active programs to 
develop their services if they are to maintain quality and 
efficiency and meet the demands of increasingly so
phisticated scientist-users. Two other types of centers 
however, are also needed in the biomedical community 
to provide appropriate environments for developing the 
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entire spectrum of document and information processing 
services, to exploit the potential of audiovisual media, to 
improve methods of oral communication, and to conduct 
research on the fundamental processes of biomedical 
communication. 

a. Centers for development of local document and information 
processing services. Local Development Centers associated 
with enterprising biomedical libraries should be estab
lished as "grass-roots laboratories" for assessing, with a 
local population of users, the utility of conventional 
types of library services and for testing new ways to 
supply scientists with the documents and items of infor
mation they need. This kind of practical development 
must be conducted in the realistic setting of an institution 
engaged in biomedical research, inasmuch as success 
can be determined only by continuous, intensive feed
back from actual users of the services proffered. Academic 
institutions are particularly good settings for such centers, 
because the development program could be a coopera
tive endeavor of the library, the departments active in 
biomedical research, and other parts of the university, 
e.g., an engineering or library school. 

Proposals for establishing these centers should be 
judged competitively, with no prior decision as to how 
many centers should be established. As particular 
centers prove outstandingly productive, they should be 
encouraged to expand their programs. Where the asso
ciated library provides regional as well as local services, 
a Regional Development Center can evolve. 

b. Centers for broad research in biomedical communication. 
In addition to the library-centered development pro
grams described above, there is an urgent need for re
search centers where all the processes of biomedical 
communication can be studied at a broad conceptual 
level and all communication media and techniques can 
be explored. This type of center should be established 
as a Department of Biomedical Communication within 
a graduate biomedical school. Its primary function would 
not be to act as the development arm of the school's 
library or of other local communication service activi
ties, such as photographic and illustration services, but 
rather to provide a combination of teaching and broad 
research, like any of the usual departments of biomedical 
schools. 

Each of the three types of research a.nd development 
programs described as appropriate for SIC's and SIEC's, 
for Local and Regional Development Centers, and for 
Departments of Biomedical Communic ation can, when 
conducted separately, make a significant contribution. 
Some academic institutions, however, offer opportunities 
for establishing more than one type of program. A single 
school might have research and development programs 
associated with a SIC that serves an international popu
lation of scientists, with its local library, and with a 
Department of Biomedical Communication. Such a 
combination would be synergistic and constitute a 
major resource for research, for training specialists in 
information services, and for preparing scientists for 

careers in communication research. Only when the kinds 
of centers for research and development recommended 
in this report have been established in universities and 
have begun to provide intellectual leadership will t le 
full contribution of communication research to the 
biomedical effort be realized. 

E. TRAINING 

A major obstacle to expansion and improvement of 
information services for the biomedical community, and 
of research and development in biomedical communica
tion, is the lack of qualified personnel, which is already 
critical. 

1. Training for Biomedical Information Services 

Information services require numerous types of person
nel with a variety of skills, knowledge, and experience; 
and programs for training such personnel must be cor
respondingly varied. Knowledge of the subject matter 
of the biomedical sciences, competence in foreign 
languages, understanding of the functions of communica
tion media and of the principles of processing documents 
and information—all these are required in greater or 
lesser degree for the different types of positions to be 
filled. The special training needs of photographers, 
illustrators, manuscript editors, and experts in telecom
munication should also be considered. 

The various types of research centers proposed in 
section D. offer favorable environments for training 
personnel for biomedical information services. Other 
settings in which valuable training can be secured are 
library and engineering schools, indexing and abstract
ing services, and SIC's and SIEC's. Establishing and 
conducting training programs will, in many cases, require 
financial support for teachers and trainees and for other 
operating costs. The experience of the National Science 
Foundation in evaluating proposals for training pro
grams should be drawn upon by other sponsors of pro
grams. 

2. Training for Research in Biomedical Communication 

Diversity in the backgrounds of candidates for careers 
in communication research is desirable. The main 
qualification would seem to be a strong motivation for 
research, supported by graduate training in some scien
tific field or substantive experience in a scientific informa
tion service. A doctoral degree in medicine or in a 
biomedical science is desirable but not essential The 
National Institutes of Health are to be commended for 
recognizing the importance of this type of training and 
for sponsoring pilot programs. 

For graduate training of the type and quality required 
to prepare candidates for investigative careers in bi 
medical communication, an academic environment is 
especially important. 

r. 
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F. COORDINATION OF THE BIOMEDICAL 
INFORMATION COMPLEX 

One of the main purposes of the study summarized in 
this Report was to delineate more clearly how each type 
of service in the biomedical communication complex 
contributes to the dissemination of information and to 
the exchange of ideas and experience. In general, each 
service came into being because some group of biomedi
cal scientists identified a need and sought to fill it. It is 
natural, therefore, that more thought and effort have 
gone into the nurturing of the individual services than 
into the task of integrating them into a functional 
coherent system. 

1. Journals 

The editorial boards of journals have a responsibility 
to monitor the efficiency with which their journals are 
fulfilling their intended purposes. This they do with 
varying degrees of diligence in respect of such pon
derables as rejection rates, backlog, speed of publication, 
circulation, and costs. Less thought is given to coordinat
ing the policies of a particular journal with those of 
others in respect of subject coverage, duplication, uni
formity in terminology and citations, and possible savings 
in printing and publishing overhead that might result 
from group action. 

The establishment of the Conference of Biological 
Editors in 1956 reflected a realization of the need for a 
larger measure of coordination in the management of 
the journal literature. This organization serves as a 
forum for the exchange of experience and proposals. 

mThe efforts of the Conference and of other professional 
associations, such as the American Medical Writers' 
Association and the Association of Dental Editors, in 
which biomedical editors also meet to share their ex
perience and develop common approaches, are to be 
commended. 

NSF has pioneered in collecting data that may be 
used to monitor the general state of journal publication 
for science as a whole and to detect where serious prob
lems exist. To promote coordination of effort among 
biomedical journals and of policies for supporting journal 
publication, objective data on trends and on adequacy 
of publication outlets for the various fields of research 
are essential. The PHS should encourage an appropriate 
organization to undertake the development and mainte
nance of a continuing monitoring program to collect 
data on journal backlogs, speed of publication, costs, 
circulation, numbers of articles and pages per issue, 
births and deaths of journals, and other objective indices. 

2. Abstracting and Indexing 
Formation of the National Federation of Science 

Abstracting and Indexing Services was stimulated by 
NSF to promote coordination of effort, to correct gaps 
in coverage, and to improve the general quality of the 
services. This organization now encompasses 20 of the 
major U.S. abstracting and indexing services, both 
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governmental and private. A certain amount of work 
sharing has been achieved, and a start has been made 
toward developing an entity with which a group desir
ing abstracting coverage for a narrow field can negotiate 
for a "package" service that draws upon the abstracts 
produced by two or more members of the Federation. 
The potential value of this organization has only begun 
to be realized. 

The biomedical field is fortunate in having a single 
indexing service (Index Medicus) that provides relatively 
fast and uniform coverage for most of the substantive 
literature; however, in respect of abstracting coverage, 
the situation is less satisfactory. Although many services 
exist, their combined coverage has significant gaps and 
quality and promptness are uneven. To promote coordi
nation of effort among abstracting services and of policies 
for supporting abstracting services, it is essential to have 
the same kind of over-all picture of trends and adequacy 
as for journal publication. The PHS should, therefore, 
encourage an appropriate organization to develop and 
maintain a similar monitoring program for continuously 
collecting data on gaps and overlapping in the coverage 
of biomedical literature, on growth in the number of 
services and of documents processed, unit processing 
costs, currency, and other objective indices. 

3. Over-all Coordination 

The Weinberg report4 recommended that, for each 
area of mission-oriented research, a single agency within 
the Federal Government be made the "delegated agent" 
for information in that area, with responsibility for 
"supporting and otherwise carrying out information 
activities," and that "each agency should establish a 
highly placed focal point of responsibility for information 
activities that is part of the research and development 
arm, not of some administrative arm, of the agency." 
It will not be simple to implement these recommenda
tions in the biomedical field, but some means must be 
developed to ensure that government policies regarding 
biomedical information services are coordinated effec
tively and are sensitive to the needs of the biomedical 
community. 

The total biomedical communication complex with its 
government and private components comprises a chain 
of processes in the reordering and refinement of informa
tion. There must be a continuous effort to fashion the 
operation of these phases so that they will be as comple
mentary to and compatible with each other and with 
the communication services of contiguous scientific 
disciplines as possible. This is a task that only the bio
medical community can execute intelligently. 

It is recommended that an appropriate scientific 
organization that commands the respect and support 

4 President's Science Advisory Committee. Science, Government 
and Information: the Responsibilities of the Technical Community and the 
Government in the Transfer of Information. A Report. Washington, 
D.C.: The White House, January 10, 1963. 

COMMUNICATION PROBLEMS IN BIOMEDICAL RESEARCH 
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of biomedical scientists be encouraged to establish a 
representative deliberative body to maintain surveillance 
over the whole field of biomedical communication. A 
forum would thereby be provided in which the views of 
the academic, industrial, professional, and govern
mental contributors to the national biomedical effort 

in research could be ventilated and examined resourc 
needs, and opportunities could be «ah»»d, «d 
emergent problems could be identified and analyzed. 
Such a group should not have operational responsi )i -
ties, but should be available for advice on planning and 
programming. 
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EDWIN B. COYL, ALICE A. LEEDS, AND VERN M. PINGS. The bio
medical information complex viewed as a system. Federation Proc. 23(5): 
1133-1145, I964.—To aid in visualizing and understanding the 
heterogeneous aggregate of interdependent operations, activities, 
and services that handle the information generated by, and used 
in, biomedical research, this complex was analyzed as a system 
from a viewpoint of the functions it performs. The result was a 
qualitative model with the following major functional components: 
1) generation and use, 2) oral communication, 3) recording and 
distribution, 4) document processing, 5) information processing, 
and 6) control. Between generation and use, the flow of information 
through components (2), (3), (4), and (5) depends upon parallel 
and sequential chains of processing operations. The operations of 
each component depend, in general, upon the prior accomplish
ment of the operations of the preceding component. The capacity 
of a given component is limited to that of its slowest operation 
except where alternative paths exist. The costs of operating this 
complex are met by government, private foundations, industry, 
academic institutions, and user fees for services (such as subscription 
fees). The present trend is toward increasing dependence on govern
ment support. This crude model can serve as a framework for 
collecting the data required to develop a quantitative model and is 
useful in considering the problems of biomedical communication, 
determining their relative importance, and assessing possible solu
tions. 

A DYNAMIC COMPLEX of interrelated processes, opera
tions, activities, and services handles the information 
that the community of biomedical scientists generates 
and uses. An understanding of how this complex func

1 This work was supported,, in part, by Public Health Service 
Contract PH 43-62-167, of the Division of Research Grants, 
National Institutes of Health. 

2 This author's participation was supported by Public Health 
Service Grant GM 09166, from the National Institute of General 
Medical Sciences. 

3 Present address: Defense Documentation Center, Washington, 
D.C. 

4 Formerly, Institute for Advancement of Medical Communica
tion; present address: National Institute of Mental Health, Be
thesda, Maryland. 

tions would seem to be as essential for identifying and 
attacking the communication problems of the biomedical 
research community as a knowledge of physiology is for 
diagnosing and treating disease. This paper represents 
an attempt to describe and analyze the complex as a 
functioning whole. 

APPROACH 

The biomedical information complex can be con
sidered a "system" in the same sense that a living or
ganism is a system. Both have evolved in response to 
needs and both are self-organizing; neither system was 
designed. Approaching the complex as a system facilitates 
analysis of the basic functions performed by this hetero
geneous and seemingly amorphous aggregate and aids in 
visualizing the processes that underlie its operation. 
The goals are those of physiologic research: to correlate 
structure with function and to understand dynamic and 
interdependent processes. 

Broadly defined, a system is a bounded complex of 
elements—men, machines, or objects—interrelated by 
processes and responding to events to achieve an objec
tive. In the case of the biomedical information complex, 
the generators and users of the information must be 
considered parts of the system, as well as the men and 
devices handling biomedical information between its 
generation and its use. The objects in this system are 
"documents" in the most general sense of the term, i.e., 
all records of information on paper, film, magnetic tape, 
or on other physical media. The system's immediate 
objective has been aptly stated by Shaw (9): "The end 
product. . . must be the information needed by and 
usable to each scientist, wherever he may be and what
ever his needs may be at the moment." Its ultimate 
purpose is to further the accumulation and application of 
biomedical knowledge. 

"33 
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ASSUMPTIONS 

Analyses of dynamic, complex systems usually require 
the adoption of simplifying assumptions and viewpoints. 
In the present instance, several decisions facilitated the 
analysis. First, we elected to view the biomedical informa
tion complex as a separate system, although it is actually 
a part of a larger system that serves all of science. Second, 
we chose to follow only the more important channels for 
the flow of information through the complex and to 
emphasize the sequence of operations occurring between 
generation and use. Third, since the terminology usually 
applied to organizations, activities, services, and people 
engaged in handling information often obscures their 
common features, the system's operations were to be 
described largely by function, rather than by performer, 
using terms selected for generality and for freedom from 
unwanted associations. Last, although the complex 
handles two kinds of information, we concentrated on 
one. If information resulting from scientific observation, 
experimentation, and reasoning is called "scientific" 
information, then information about research (i.e., news 
about scientists, support, equipment, and supplies, or 
messages related to the administration of research) may 
be termed "parascientific" information. Here the con
cern is primarily with the flow of scientific information. 

FORM OF PRESENTATION 

Our analysis is presented chiefly as block diagrams. 
The value of this type of diagram in physiology was 
recently emphasized by Gray (2): 

The engineer has developed one device for enforcing an ele
mentary rigorousness that is refreshingly simple and general. This 
is the block diagram, a qualitative mathematical model which 
conveniently displays, without distracting detail, all the com
ponents and variables of a system together with their circuitry. . . . 

On several occasions I have had the opportunity to watch a 
fellow physiologist attempt to represent in this simple form, and at 
this elementary level, the system on which he is an expert. He is 
usually flabbergasted to discover that his ready knowledge is 
unequal to the task. He finds he is uncertain about numerous items 
suddenly revealed for the first time to be of key importance. The 
usual result is a period of cerebration more intense, novel, and 
cogent than any he had previously accorded the system, punctuated 

FIG. A. Over-all view of biomedical information complex. 
NOTE: In this and subsequent diagrams, the parenthetical letter-
number combination in a box refers to another diagram that 
provides a further breakdown of the given operation. 

by trips to the library to find answers to questions never before 
asked. If a workable diagram is eventually formulated, the light 
it sheds may be truly exciting. One can suddenly see physiological 
flesh and blood as a coherent, determinate, functioning system .... 

We found this device to be equally valuable for study
ing the metabolism of biomedical information. 

MAJOR FUNCTIONAL COMPONENTS OF THE SYSTEM 

In Fig. A, five major functional components of the 
system are depicted: 

1) Generation and Use—operations in which scientific 
information is generated and used, considered here as 
two phases of a single component. 

2) Oral Communication—operations entailed in trans
mitting information orally. 

3) Recording and Distribution—operations associated 
with the recording of scientific information and the 
distribution of the records thus produced. 

4) Document Processing—operations performed in the 
collection; analysis and announcement; and the storage, 
retrieval, and delivery of information records (i.e., 
documents) after their production and initial distribu
tion. 

5) Information Processing—operations by which infor
mation is extracted from documents, evaluated, modified, 
or synthesized. 

A sixth major functional component, which cannot 
be similarly depicted in this scheme, comprises the opera
tions by which the system and its parts are controlled. 
Important operations related to system control and 
management are: a) maintaining the quality of "mes
sages" handled by the system, b) improving the system, 
and c) supporting the system. Direct quality control is 
exercised in two ways—by evaluating the information in 
a message to see if it merits further processing and by 
improving the form or the content of a message. The 
more important points at which quality control is com
monly exercised are identified in subsequent diagrams. 
Improving the system so that it functions more effectively 
and efficiently to achieve its immediate objective and 
ultimate purpose requires research on how the system 
works and development of improved methods for carry
ing out its various operations. Communication research 
and development cannot be localized in this scheme but 
will be covered briefly in the discussion of the system's 
support. 

GENERATION AND USE 

In Fig. A, the box labeled "generation and use" repre
sents the thought processes of scientists engaged in bio
medical research. These internal processes do not lend 
themselves to the approach of this analysis, and we have 
not attempted to analyze this component in detail.5 

The other components transmit information in the form 

5 In Fig. G we do, however, suggest some general relations 
between successive stages in a research project and information 
generation and use. 
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FIG. B. Formal and informal oral communication. NOTE: In 
this and subsequent diagrams, boxes with broken outlines and 
broken-line arrows represent, respectively, operations and processes 
that are outside the focus of the particular diagram. A small square 
enclosing a letter indicates that processes have been omitted to 
simplify the diagram and refers to the point in another diagram 
where the omitted processes are shown. Points at which quality 
control is commonly effected are designated by the following 
symbols: A where a message may be evaluated and a yes-or-no 
decision made as to whether or not it will be processed further; 
© where the content or form of the message may be modified by 
feedback from the generator's colleagues or from processors in the 
chain of operations required for transmission. 

of unrecorded messages (oral communication), or of 
various physical records, from one scientist to another. 

ORAL COMMUNICATION 

The processes of formal and informal oral communica
tion are analyzed in Fig. B. Informal oral communica
tion comprises all face-to-face or telephone exchange 
other than that structured by the formalities of an 
"event" planned for oral communication, such as a 
scientific meeting, lecture, seminar, etc. The processes 
of formal oral communication include the planning and 
announcement of an oral communication event, as well 
as the activities of generators in preparing for and pre
senting oral reports. Quality control may be exercised 
during the planning of an event by selecting active 
participants (generators) on the basis of their past work 
or of an abstract of the oral report they wish to present. 
In most cases, some of the scientific information to be 
presented at the event is transmitted in oral or written 
form to the planners, who may incorporate this informa
tion in a written "announcement" of the event, e.g., as 
"abstracts"6 in a meeting program (broken-line arrow 
designated K). In preparing to present an oral report, 
a scientist may have to get a decision from his institution 
as to whether his work is considered ready to be reported, 
and his presentation may be modified by feedback from 
institutional associates. Preparation for an oral presenta

6 Although commonly used in this sense, the term "abstract" 
is inappropriate and misleading, since the existence of a full report 
is implied. In reality, it usually represents only a summary of what 
the prospective speaker thinks he will say, or hopes he can say. 

tion usually entails either making notes or writing out the 
full text. (The broken-line arrow designated L symbolizes 
these recording processes as well as that of preparing an 
abstract.) At the event, the presentations may be re
corded (broken-line arrow designated M) verbatim or 
may be summarized by listeners who intend to give an 
oral or written account of the event later. Thus informa
tion transmitted by formal oral communication is re
corded, in whole or part, by several routes, which will be 
covered in Fig. C-2A. 

RECORDING AND DISTRIBUTION 

Figure C-i summarizes in broad terms the complete 
sequence of basic operations entailed in the recording 
of scientific information and the distribution of the 
records produced. Only channels within the specific 
focus of this diagram, i.e., those that are parts of this 
component, are shown. The details of processes required 
for recording, publication, and distribution are shown in 
Figs. C-2, C-3, and C-4, respectively. 

Recording 

File focus in Fig. C-2 is on the processes involved in 
the operation of recording. Informal documents include 
data and work sheets, photographs, notes or texts for oral 
presentations, manuscripts, letters, and any other form 
of recorded scientific information not intended for dis
tribution outside administrative or personal channels. 
(Production of informal documents is shown in more 
detail in Fig. C-2A.) Some informal documents are used 
only by the generator; some are distributed as such; 
and a few are reviewed by the generator and his in
stitution for publication and wide distribution to the 
scientific community. This intramural review may in
clude a quality-control decision as well as other con
siderations, including protection of proprietary interests 
in industrial institutions and selection of the appropriate 
form for publication—a journal article, book, or tech
nical report. 

GENERATION A N D  USE 

FIG. C-l. General scheme of recording and distribution. 
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For formal documents, the publisher, e g 0f 7^7' 
fi Is prepublication orders for any copies that 
ator (or his institution) distributes am - gener" 
standing list of colleagues or institution 7'^ t0 a 

publisher sends to a lis, of regular recipient, e'g ŝ ! 
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scribers to a journal. All such automatic, predeter
mined distribution may be termed primary distribution. 
Secondary distribution (arrow designated S) occurs in 
response to postpublication orders (requests) for a spe
cific document, e.g., a reprint of a journal article, and 
is analyzed later as part of the document processing 
component. Informal documents (arrow designated N), 
though often given to only one recipient, e.g., a letter, 
may receive wider primary distribution by the generator. 
In addition, some secondary distribution of informal 
documents may occur to meet requests from those who 
have heard of the document in some way, often by word 
of mouth. 

DOCUMENT PROCESSING 

The major operations of document processing (docu
ment collection; analysis and announcement; and 
storage, retrieval, and delivery) are summarized in 
Fig. D-i and analyzed in detail in Figs. D-2, D-3, and 
D-4. Both formal and informal documents are handled; 
however, conventional document processing services, 
e.g., libraries and abstracting-indexing services, usually 
consider informal documents having no historical value 
as "ephemera," and either discard them during the col
lection operation or store them without the extensive 
processing that formal documents receive. Other docu
ment processing activities, such as those represented by 
scientists' personal files and by specialized information 
evaluation services, may not make this distinction. 

• GENERATION AND 

ORAL COMMUNICATION 

U S E  

]RECORDING AND! 

i DISTRIBUTION ! 

4R>-» Acquisit ion by 
Pr i m a r y A 
Distribution 

Acquisit ion by 
Secondary £ 
Distribution 

Disposit ion of 
Out -  of -  Scope 

Documents 

Review for 
Relevance to 
Collectio n 
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FIG. C- 4 

[ Analysis and 
Announcement 

1  (D-3) 

FIG. D-2. Document collection. 
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Document Collection 

The processes in Fig. D-2 occur in building the small, 
personal collections of scientists as well as the extensive 
collections of great libraries. In acquiring documents by 
either primary or secondary distribution, quality-con
trol decisions are usually made, i.e., the collector chooses 
to order only those documents considered likely to meet 
his quality standards. After receipt, a scientist collecting 
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FIG. D-i. General scheme of document processing component. 
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FIG. D-3. Analysis and announcement of documents. 

for his own use may discard a document if he finds that 
the information it contains, though relevant to his 
interests, is of poor quality. In large collections intended 
for many users, however, documents once ordered and 
received are usually retained unless they are obviously-
irrelevant or in a form not suited for subsequent proces
sing. Decisions to discard documents are difficult for 
committees. 

Document Analysis and Announcement 

As shown in Fig. D-3, analyzing documents and 
announcing their availability entails several processes. 
Before storage, in collections of any size, descriptions of 
the documents are usually recorded in terms of their 
physical form, issuing source, title, date, authors, etc. 
In libraries and document centers this process is called 
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descriptive cataloging and is essentially a clerical 
operation, in that an understanding of the documents' 
subject matter is not required. Documents are then 
analyzed by subject content and classified or indexed. 
This analysis results in classification or index terms 
(indicia), annotations, or abstracts for each document. 
Some libraries, and all abstracting-indexing services, 
then prepare to announce their new acquisitions to 
prospective users. The announcement function may be 
served by special media 1 a list of the titles of new 
documents that is issued to the service s clientele, a 
periodical containing only abstracts of documents and 
accompanying author, subject, and other indexes; or a 
periodical consisting only of indexes.7 Acquisitions can 
also be announced in a special section of a journal that 
devotes most of its space to original articles. In the latter 
case (also in some abstracting-indexing services), the 
collection and analysis operations may be decentralized 
and performed by scientists who volunteer to provide 
abstracts or annotations when they receive new docu
ments. The products of both descriptive cataloging and 
subject analysis are commonly used in announcement, 
e.g., Index Medicus; however, lists of documents prepared 
by permuting the words in their titles according to fixed 
rules (usually by computer), and copies of the tables of 
contents of journals, e.g., Current Contents, are examples of 
announcement by purely clerical processes. For an) 
recorded announcement produced in multiple copies, 
the general processes required for publication and distri
bution, starting with revision and redaction, must take 
place (Figs. C-3 and C-4). Some documents are ac
companied by "source" abstracts and indicia prepared 
either by the generator or by the publisher, e.g., journal 
articles prefaced by an abstract or synopsis. Source 
abstracts and indicia can also be acquired separately 
(input arrow designated P in Fig. D-3) by arrangement 
with the publisher, e.g., Biological Abstracts receives author 

7 A simple type of informal activity performing the function of 
announcement is one scientist telling another about an interesting 
document. 

Storage, Search, and Delivery 

The operations of storage and retrieval, i.e., search 
and delivery of desired items on demand, are shown in 
Fig. D-A. Before storage, to insure efficient retrieval 
later, a more detailed subject analysis of the documents 
may be performed to supplement the analysis that 
sufficed for announcement purposes. Also the document 
descriptions and indicia may be coded or abbreviated. 
From here on, two processing chains exist in parallel: 
one stores document descriptions and indicia and re
trieves, from this store, references, i.e., bibliographic 
descriptions of documents that may contain the informa
tion desired. The other chain stores the documents them
selves and retrieves them once the desired references are 
specified. Any document processing activity or service 
must develop both chains to some degree,8 but formal 
services usually devote more effort to one or the other. 

Reference retrieval chain. Abstracting-indexing services 
concentrate on the reference retrieval chain. I hey 
prepare multiple-copy, reference search "tools," e.g., 
Chemical Abstracts.9 Typically these services do not them
selves maintain extensive stores of documents. Some 
specialized libraries, particularly those of industrial 
concerns engaged in research, develop their reference 
retrieval capabilities in narrow subject fields to a high 
degree. They supplement the standard reference search 
tools obtained from abstracting-indexing services with 
special tools produced by their own more detailed 
analysis of selected documents, which is tailored for their 
users. Such libraries also process informal documents, 
e.g., internal reports that are not handled by standard 
abstracting-indexing services. Their document collec
tions are highly specialized and relatively small, and they 
must augment their document retrieval capabilities by 
calling on major, conventional libraries for loans or 
photocopies of documents. When a library builds an 
exhaustive or unique collection in a narrow field and 
provides outstanding reference retrieval services for 
research workers, it is sometimes called a "specialized 
information center" if its services are available to scien
tists who are not associated with the library's parent 
organization.10 

Document retrieval. Conventional libraries, which serve 
a heterogeneous clientele and relatively broad subject 
interests, e.g., biomedical libraries in academic institu
tions, typically allot a large part of their effort to building 
large stores of documents, with the goal of becoming 

8 Even in the modest, informal document processing activity 
represented by a scientist's personal library or files, most of the 
essential processes in both chains can be identified. 

9 Like announcement media, production of reference search 
tools entails the sequence of processes, in Figs. C-3 and C-4, start
ing with "redaction and revision." 

10 This type of center should not be confused with that recom
mended in the Weinberg Report (8). (See discussion of information 
processing, page 1139.) 
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more self-sufficient in providing their users with docu
ments on demand. They purchase the standard reference 
search tools for journal literature from abstracting-
indexing services rather than performing their own 
subject analysis of this type of document. Although most 
libraries undertake some descriptive cataloging and 
subject analysis of books, they also depend on the "ready-
made" reference search tools for books that are produced 
by the large government libraries and by commercial 
services, e.g., the catalog cards distributed by the Library 
of Congress, the National Library of Medicine Catalog, and 
Books in Print (Bowker Co.). Document retrieval (see 
Fig. D-4A) employs search tools analogous to those for 
reference retrieval; given a reference, these tools indicate 
where the document referred to may be found. Library 
"shelf lists," which indicate the physical location of docu
ments, are an example. Multiple copies of document 
retrieval tools may be produced; "union lists" of library 
holdings are prepared and published as regional or 
national efforts. These lists indicate which libraries 
have a given document and are used when a library 
wants to borrow a document that it does not have. 

The secondary distribution of a document, i.e., de
layed distribution to requestors who were not covered 
by the primary, or automatic, distribution of the docu
ment, depends on the document processing component 
in general, and on the document retrieval chain in 
particular. An activity or service that attempts to supply 
documents on request usually acquires and stores at 
least those in frequent demand. If the collection contains 
many different documents, storage must be organized 
for retrieval. The larger the collection and the more 
frequent and varied the requests, the more elaborate the 
operations of document processing become. In the large 
general library serving hundreds of research workers, the 
document retrieval chain must be highly developed.11 

INFORMATION PROCESSING 

The function of information processing is to "metabo
lize" information and produce knowledge (11). It is, 
therefore, central to the growth of science. Figure E 
depicts the basic operations of information processing. 
Most of these operations are analogous to those of docu
ment processing, but the unit processed is an item of 
information rather than a document. In general, infor
mation processing starts where document processing 
leaves off and depends upon prior accomplishment of 
the basic operations of document processing. (Documents 
must be collected, analyzed, stored, and retrieved before 
the information they contain can be processed.) 

Several differences exist, however. First, the processes 
of critical evaluation and synthesis are unique to infor
mation processing. Second, information processors must 

11 Publishers, and individual scientists who order and store 
copies of their own papers and send reprints on request, represent, 
respectively, important formal and informal services for secondary 
distribution that perform basically the same document retrieval 
processes as libraries. Because the collections are relatively small, 
however, the store need not be elaborately organized. 
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FIG. E. General scheme of information processing component. 

have the scientific background necessary to judge the 
quality and value of the information in a document, 
rather than having to depend completely on "screening" 
by subject-matter experts, such as is included, at least 
ideally, in producing formal documents (publication). 
Information processing services, therefore, can handle 
informal records and are less handicapped by the time 
lag inherent in publication. Third, an information 
processing service may itself record new scientific in
formation rather than wait for scientists to produce and 
make available records of their work. For example, such 
a service may have an observer record oral presentations 
at scientific meetings, or may obtain oral data from a 
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generator informally. (See arrows designated O in Figs. 
E and C-2A.) 

A scientist processes the information generated by 
others as well as the data he himself collects. When he 
reviews items of information obtained from documents 
and oral communication, evaluates these items, and 
generates a new record, a scientist uses his information 
processing abilities to provide a service to the scientific 
community. A critical review that evaluates existing 
information and achieves a synthesis represents the best 
example of the first of three major types of information 
processing activities or services that have a long history 
in science. The second type evaluates data to produce 
critical tables and handbooks of standard values. The 
third type provides a factual answer to a question, as 
opposed to referring the inquirer to one or more docu
ments that may contain the answer, or several different 
answers. Scientists have always answered colleagues' 
questions, using their own experience to sift available, 
often conflicting, information and arrive at the "best" 
answer; but until fairly recently, such an activity was 
not commonly formalized or "institutionalized" as a 
service capable of meeting a large volume of demands 
from a sizable group of research workers. Currently the 
trend is toward increasing numbers of institutionalized 
services that produce critical reviews, critical data 
compilations, and authoritative answers in specialized 
fields (8). Services that provide any or all of these prod
ucts may be termed "specialized information evaluation 
services,"12 to differentiate them from document process-

12 Or centers, if the information processors are gathered in one 
location. 

ing services, such as conventional libraries, documcni 
centers, and other activities that do not involve evalua
tion and synthesis. Some, but not all, of the "specialized 
information services" that have recently been identified 
(4) qualify as information evaluation services. 

During the process of information collection, docu
ments are reviewed, and relevant information is ex-
tracted. Some services (e.g., the Cardiovascular Litera
ture Project, which produces the Index-Handbook ol 
Cardiovascular Agents) extract, analyze, and store items 
of information to produce multiple-copy, search tools 
that can be used for either reference or information 
retrieval, but leave it for the user to evaluate and syn
thesize" the information he retrieves.13 Such a service 
falls somewhere between the typical document processing 
services (those that concentrate on reference or docu
ment retrieval) and the specialized information evalua
tion centers. 

QUALITY CONTROL AND CHANNEL LIMITATIONS 

The major points at which the output of a tvnical 
project of the National Institutes of Health (NIH) 111' 
be subjected to quality control decisions, and the limim 
tions of various output channels, are summarized in 

1 2  In so far as an abstract may contain all the data or information 
needed to answer certain types of questions, without recoup ," 
the source document, an abstracting publication can alsoTL-H 
for information retrieval. Information retrieval in rhic ,  
not be confused with the more commoTuLt o tL tel o'" 
often hears of "information retrieval" machines systems a 
ic.that, more precisely, retrieve only referees 
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Fig. F. Administrative channels are shown on the left; 
major channels to the scientific community are on the 
right. NIH Study Sections exert quality control over 
the dissemination of information regarding a scientist's 
research plans, in that only approved projects are listed 
in the NIH Research Grants Index and disclosed by the 
Science Information Exchange (SIE) on inquiry. Qual
ity control is exercised by the scientific community at 
three main points. First, when an investigator is formu
lating a project and wants to discuss his concepts and 
plans, he will not have the forum provided by small, 
closed meetings of leaders in his field unless he qualifies 
for inclusion in the group and is invited to their meetings. 
Second, his paper will not be accepted for presentation 
at a meeting unless the abstract he submits to the meeting 
planners fulfills their criteria for acceptable quality. 
Finally, a journal will not publish his manuscript if it 
does not measure up to the editorial board's standards. 
Some measure of quality control is exerted by most 
meeting planners14 and most journals; however, with 
enough persistence, a scientist can usually find some 
meeting at which he can give his paper and some journal 
that will publish his manuscript. For each of the two 
main output channels (meetings and journals), there
fore, the quality filter can be pictured as having holes 
of varying size that collectively pass almost all the ma
terial presented to them. 

These three mechanisms for quality control, and the 
several others suggested in Figs. B, C-2, C-2A, C-3, 
and D-2, are not the only ones that maintain the quality 
of scientific messages flowing in the system over the 
long term. Two less direct and slower, but more effective, 
mechanisms operate before and after the messages are 
generated and initially distributed. First, by selecting 
and training new generators, the scientific community 

14 Limiting presentations at society meetings to members (or 
individuals sponsored by members) is a means of quality control if 
the members are selected for scientific achievement. 

increases the likelihood that the messages they generate 
will meet certain minimal standards. Second, each 
scientist, in his capacity as an information processor, 
explicitly or implicitly evaluates the quality of a col
league's work when he comments on it or cites it. This 
evaluation acts as corrective feedback when relayed to 
the generator directly or indirectly by formal and in
formal channels. Evaluation by formal information 
processing services is only a special case of a general 
process in which the entire scientific community is 
engaged. 

All channels for oral information and for informal 
documents, e.g., unpublished manuscripts and meeting 
programs, reach only a limited segment of the research 
community; whereas, the audience for a formal docu
ment is potentially unlimited. Journal publication of 
abstracts of oral reports is, therefore, often the first 
channel by which new information becomes widely 
available to the biomedical research community. 

The System as Viewed by the User 

The major components and basic operations of the 
entire system are recapitulated in Fig. G. Thus far the 
system's channels have been viewed only from the 
generation end. At this stage it is interesting to reverse 
the viewpoint and look at the system very briefly from 
the use end. 

In this perspective, the information processing com
ponent is seen as using the products of all the other com
ponents. Information processing, as we have defined it, 
requires that the processors have substantive knowledge 
of the scientific content of the documents with which 
they work. Key processes must be performed by individ
uals who are the peers, in scientific judgment, of the 
clientele served, i.e., they must be scientists who are 
themselves active in research. Such scientists, who devote 
varying portions of their time to processing information 
for others, are the scientific "middlemen" described as 
the "backbone" of the type of information center15 

on which the Weinberg Report (8) placed great em
phasis. 

The model, which these diagrams of the system repre
sent, also illustrates the rich variety of channels available 
to the user-. To obtain the information he desires, a 
scientist may utilize the products of any or all of the 
four components. The system is highly redundant, but 
in a useful way. The information on a given subject 
carried by different channels varies in currency, quality, 
condensation, specificity, etc. He may choose the channel 
best suited for his individual needs and habits. His 
freedom of choice is, however, limited somewhat in that, 
at the time he wants it, the information may be available 
through only a few channels; and no one component can 
meet all of his needs. For example, if he wants to know 
what a colleague has done in the previous few months, 
he must usually rely on oral communication or on ac-

16 In our terminology, such centers would be called specialized 
information evaluation centers (or services). 
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G e n e r a t i o n  O r g  I  P u b l i c a t i o n  
p l u s  C o m m u n i c a t i o n  a n d  

R e c o r d i  n q  ( F o r m a  I  o n l y )  D i s t r i b u t i o n  

D o c u m e n t  P r o c e s s i n g  
L o c a l  G e n e r a l  

S e r v i c e s  S e r v i c e s  

I f t f O f j l i f  

(Ci.rowu r. I t ftsssarcB ... ••Hit.i -i,) 

^PRIMARY SOURCE OF SUPPORT FOR GIVEN TYPE OF PERFORMING ORGANIZATION 

j j jSECONDARY SOURCE (PROBABLY > 10% OF TOTAL SUPPORT) 

?  POSSIBLY QUALIFIES AS SECONDARY SOURCE X NOT APPLICABLE 

A Academic institutions and nonprofit research organizations. I = Biomedical industrial organization*, principally pharmaceutical! 
companies. G = Federal Government. P = Professional societies. C = Commercial organizations: publishers, ini<>: «-nun, and 
companies performing contract research and development in scientific communication. * "Local" x-i\ ires arc thtw intruded primarily 
for local biomedical communities, e.g., institutional libraries; whereas, "general" services are for the entire biomcdu al community e.g. J 
MentaTH?;1.!^ 77*7 «c- t «*-. Psychopham-cology Service Oenier of National Insti, 
Mental Health, review publications, handbooks of biological data, etc. J Includes voluntary health —~a-»i | Sub* rituions. 
meetmg registration fees, membership dues, and other direct charges on users of information services. 

quiring informal documents by correspondence, since a 
time lag is inherent in the production of the formal 
records handled by document processing services. If 
all he wants is a simple answer to a specific, but unusual, 
question, such as "What is the LD60 dose of morphine 
for salamanders?", it is unlikely he will find an informa
tion processing service that can quickly meet his need from-
its data compilations. He will probably have to try the 
document processing services and attempt to find the 
answer somewhere in the documents they will supply 
Finally, he may find that, with a reasonable expenditure 
of time and effort on his part, the system will not be able 
to supply this information. In which case, if the informa
tion is important to his work, he may decide to establish 
the dosage himself by experiment. 

THE SYSTEM S SUPPORT 

Table i presents a rough and tentative estimate of the 
relative importance of the different sources from which 
the system draws support. The data required for a 
definitive assessment are not available. This analysis is 
in terms of immediate, rather than ultimate, sources of 
funds, e.g., although scientists may use federal grant 
funds to pay for journal subscriptions, the immediate 
source of support is classified here as "user fees " 

Federal Support 

In recent years data on expenditures by federal 
agencies for scientific communication have improved 
It is now possible to get some idea of the federal contrib, ' 
ti°n to the support of the scientific information conrnw" 
For fiscal 1963 total federal obligations for scientific 
and technical information activities amounted to , 
$,25 million (3)... Abou, 4„ of ,hc $„5 

private organizations (including commercial corpon 
tions) as direct support for information services an 
activities. The Public Health Service alone provide 
almost $7 million for "extramural" information servict 
performed by private organizations. (Kxpendilures fc 

intramural information activities of the Publi 
Health Service were around $15 million.) Of this $ 
trillion, approximately 15% went for activities we hav 
classified as formal oral communication, 12% for publi 
cation and distribution, 46% to document and informa 
tion processing, and 28% to research .and developmcn 
in scientific communication. An unknown but signifi 
cant proportion of certain other federal agencies'1 

intramural and extramural expenditures on scientifi 
0™atlon activities also represents direct support c 
e ,10med'cal information complex. Their contributioi 

o support of the biomedical complex is probably 0 
greatest relative importance in the area of research ant 
r 77 °Pment 'n scientific communication, where man] 

the findings apply generally to all fields of science. 

Other Sources of Support 

Govr!n " 5001X65 support other than the Federa 
mem are largely lacking, and the various pub 

that were tnclude "*arch grant or contracl 
e.g., ZZZt Y " 000tractors for information * 
the readily idCT^fGh? °f purcha,ie Journals. It reprcsen 
finanri.i 7_.7 P°rtion of the Federal Govern the readdy dSh?"'0 

financial conrth7; ot ,hr Govm 

known to be a Inw °n 31 immediate source of support 
17 7 estimate. 

research, such ^d^A™8 considerable amounts of bioi 
Foundation Offi<7 /7°"" foe,5)r Commission, National -
Agriculture' Nation J! A °Cationa' Rehabilitation, Departr 
department of Defenseconautks and Snace Administratii 
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^S™rf°rt°,al .V S- =P»di«™ (Private and 
governmental) for scientific communication are difficult 

* t ? , l° 6 blomedical ^formation complex Al
though the total cost of each or all of the systems com-

rourfdv ffie1101,^ predsely'18 k is Possible to rank • t-°ughiy the relative importance of different sources of 

the^temVfunetfons^1568 °f °rganizati°ns that Perform 

Support for Generation, Recording, and Oral Communication 

The pattern of support for the operations of genera-
ion and recording is, of course, identical with that for 

biomedical research itself. The support pattern for oral 
mmunication can be assessed only for its formal as-

cafinn ' rl P ed CVentS; informal °ral communi
cation like generation and recording, is inextricably 
associated with the conduct of research. At present, for 
ad hoc research meetings" held under the auspices of 

, a Cmi<: °r professional organizations, the major 
source of support is probably federal funds; whereas 
for regularly scheduled meetings of professional organi-
zauons^registrahon charges (user fees) are still the major 

Publication and Distribution 

The Federal Government supports the operations of 
publication and distribution directly by subsidies to 
W f f i H h "  '  ? ° r C  r e c e n t I y '  b y  p a y i n g  p a g e  c h a r g e s  
hi r y JOur,nals °n authors- Although page charges 
by commercial publishers of journals are not generally 
allowable as direct costs on government grants and 
contracts (10), publishing companies receive some federal 
support as subsidies for publication of proceedings and 
as charges for excess illustrations, tables, etc., paid 
from research grants and contracts. Industry contributes 
primarily by buying advertising space in journals. 

Document Processing 

At present, the operations of "local" document process
ing services (primarily institutional libraries) are not 
receiving direct federal subsidy; but an unknown pro
portion of overhead funds on research grants and con
tracts is used to support these services. Although the 
percentage of overhead funds allotted by research in
stitutions to their libraries may be small, the total con
tribution from this source may well cover a significant 
fraction of the total operating costs of academic libraries. 
Industrial and academic institutions contribute impor
tantly to supporting the "general" document processing 
services (in particular, abstracting-indexing services) 

18 Cost estimates for certain operations of the complex have been 
reported (5, 6, 7). 
" Convened for a purpose that can be served by one meeting 

or a short series of meetings. 
28 Only the costs to the performing organization (i.e. the or

ganization arranging and conducting the meeting) are being con
sidered here, not travel expenses borne by the participants 
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through the payment of subscription fees.2' Institutional 
subscriptions account for most of the subscription revenue 
of the more expensive services. Although not depicted 
in the system diagrams, translation activities may be 
the Fed lVSPeClal tyPC °f document Processing. Both 
the Federal Government and industry currently spend 
large sums for translations provided by proL fonfo 
societies and commercial services. tessional 

Support for Information Processing 

A recent compilation (4) fists approximately ,0 US 
services that may meet our criteria for biomedical in 
formation processing services, or specialized information 
evaluation centers. About half are associated with aca 
demic institutions or professional organizations It is 

l7ifT,hee deSCriP,i0™ at most of the 50 services are actually by-products of 
intramural re.earch programs and are 
primarily for providing service to scientists not affiliated 
with the parent organization, although such extramural 
ervtces are provided to the extent poiible. No^rStded 

Sued bvTir" "? bi°mediCal mic" Publications issued by professional societies and commercial pub-
hshers, and services that are strictly intramural, as are 
most pharmaceutical company services. 

Support for Communication Research and Development 

Private and governmental support for research and 
evelopment aimed at improving scientific communica 
on may c tl totaJ as much ^ mi]]ionmaUni--

d rlrtl 1 mUCh °f th'S WOrk is directly or in-
The F H Tr110 biomedical information complex 

he Federal Government seems to be the major source 
of suppon for work of this type, other than that under 
taken by industrial concerns, many of which have, 
embarked on major programs to improve their intra 
mural information services. In fiscal 1963, about $12 mil-
on were expended by Federal agencies for such research 

and development (3). The major sponsors were De 

HealtnhntEri C°mmerce 6 niillion), Department of 
Health, Education, and Welfare ($2.8 -million) De 
partment of Defense ($3.8 million), and National Science 

GouncM H T K 7 mni0n)- ^«***»» of the Council on Library Resources,22 which was set up ex 
pressly to support the development of better information 
services private foundations apparently provide rela 
tively little support for communication research * 
least in the area of scientist-to-scientist communication 

Trends in Support Patterns 

The annual cost of operating the entire biomedical 
information complex has probably increased, in recent 

2'Current subscription rates for Chemical Abstracts are $,00 for 
AGS members and educational institution, ana « A- °r 

others; for Biological Abstracts, $260 for individuals and^o™ fi" 
educational institutions, and $325 for others. nonPr°fit 

projects fi) I963' thC G°UnCil SpCnt almost * million on such 
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years, more rapidly than the number of biomedical 
scientists;23 but any conclusions based on the inadequate 
data now available must be very tentative. Even the 
data on federal support are unreliable for assessing 
trends, since the methods used to obtain these data have 
been changing and the completeness with which agencies 
report expenditures for information activities has been 
increasing (3). However, trends in the over-all pattern 
of support are clear. As government sponsorship of 
biomedical research has grown to its present dominance, 
the operations of the biomedical information complex 
have become, in general, relatively more dependent on 
federal support and less dependent on user fees and 
academic institutions. All indications are that this shift 
is accelerating. If the system's users have, through direct 
payment of user fees, played an important role in manag
ing the system, it would seem that a substitute for this 
control mechanism should be developed. 

USES AND IMPLICATIONS OF MODEL 

The model represented by the diagrams is crude and 
qualitative. It does, however, provide a framework 
for collecting data on volume of flow in the various 
channels, on time requirements for processing operations, 
and on manpower, money, etc. These data are required 
to develop the quantitative model that would seem to be 
one prerequisite for intelligent decisions on any long-
term policies that may affect the operation of the entire 
system. Even in its present form, the model has a number 
of uses. Among those we have explored tentatively and 
found to be promising are: 

/) To identify critical operations and activities where 
limited capacity may disrupt the functioning of whole compo
nents or of the entire system. When these points are identified 
action can be directed toward overcoming the bottle
necks. For example, an analysis of document retrieval 
operations in biomedical libraries apparently indicates 
that the capacity of this chain is inadequate to handle 
the demands that will be generated by the rapid im 
provement in reference retrieval services now taking 
place (6). 8 

2) To specify the type of processor required for different 
services. Once the operations are analyzed by processes 
it is easier to determine which jobs are essentially clerical 
(hence potentially amenable to automation) and which 
require a high degree of subject-matter knowledge or 

23 Considering the annual cost of conducting hundreds of bio
medical research meetings, of publishing some 1000 IT S k 
medical journals and several hundred books of n.nnm 
abstracting-indexing services that process biomedical literal 
and of mamtammg over 500 biomedical libraries and vari T ' 
types of document or information processinST? r 

of $50 million for the cost of the biomedical informant StUnfte 

(about 6% of total U.S. expenditures for biomedical research! 
obviously conservative. The total may well be twice Sbfi * 
Either estimate represents only operating expenses and 
capital investment. If the operating cost £ 
not mcreased m recent years, it is an exceed™ I has 

trend of research costs. general 

other special qualifications (such as education in library! 
techniques). Activities that cannot lie delegated by 
biomedical scientists to others can also lie identified 
The model shows that, regardless of automation, ani 
increase in information processing services will require 
additional scientific manpower. The anticipated returns 
must, therefore, be weighed against competing demands 
for this limited resource. 

3) To determine where innovations may be advantageous and 
to predict their effects on other parts oj the intern. The model 
helps to predict the probable gross effects of an innovjJ 
tion on preceding or subsequent operations in the given 
processing sequence, or on operations in parallel chains.j 
For example, the model calls attention to a major diffi-j 
culty that arises when some, but not all, of the operations 
in the reference retrieval chain are automated. Greatly 
increased capacity for preparing reference search tools,] 
such as printed indexes, will not result in commensurate 
improvement in the service provided by the entire chain 
unless the capacity for document analysis is correspond
ingly increased (see Figs. D-3 and D-4) The first operfl 
tion has proved to be much more readily automated! 
than the latter. Subject analysis of documents will j 
remain, at least for the near future, an intellectual opera
tion-Line for which the present acute shortage of 
qualified personnel is unlikely to be remedied quickly 
unless new approaches are adopted, e.g., author index
ing. 

• f )  l o  a s s e s s  m e c h a n i s m s  J o t  c o o r d i n a t i n g  c o m p o n e n t s ,  j  
operations, and activities. The performance of the system 

epends upon effective coordination of its parts. C-crtaiiM 
urinal mechanisms at present insure some degree of 

nzontal coordination among different organization! a 
per orming the same basic operations (e.g., for publicaj 
tion, the Conference of Biological Editors; for abstracfl 
ing-indexing, the National Federation of Scicnc® 
-  s t r a c t i n g  a n d  I n d e x i n g  S e r v i c e s ) .  M e c h a n i s m s  t o ]  
c cct coordination among the major functional cornel 
ponents o the biomedical information complex, e.g., I 
lar U^Cn 8enefat*on-usc and document processing, arel 

?e \ nonexistent. However, the efforts of the (ffficell 
Fn, !TCe nformalion Service of the National Science 1 
in tl? ftl0n t0 Prorno,c this type of vertical coordination 
imnnrt ar^cr®c'cnC€ information complex are seen as an 

t )  T  " 1 u c n c c  o n  t ^ c  b i o m e d i c a l  s y s t e m .  
of binm °j i" " ̂ 'St,c Pnipecltoefor examining the problems 
the Zf C0mrnuatum- °nlv within the framework 1 
problem* 1 j* 030 tl,e rHative importance of these 
resources I * JUjgcd and »und decisions in allocating 

• E S S , u r , h '  
questions a, . developed can some of the major 
nels and '°Ut relative importance of various channels and oner,," j importance of various cnau-
what is now knZ answered definitively; but frofl 
reference rctriZT^ " 3PPCa" ,hat thc Problcms 4 
share of alien, c rcccivcd a disproportionate 
to communication £ °f ?* moncv an<1 r,r°rt devoted] 

Another ui of a"d . 1 
to specific ill,, • which does not lend itself 

P illustrative examples but could prove of majotf 
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importance for future improvement of the system, is to 
demonstrate to biomedical scientists how the biomedical 
information complex and each of its components are 
integral parts of their research effort; how they as 
scientists, are now involved in all of the system's m'ajor 
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Trends in oral communication among 
biomedical scientists: meetings and travel1 

RICHARD H. ORR,! EDWIN B. COYL, AND 
ALICE A. LEEDS' 
Institute for Advancement of Medical Communication, llethesda, Marylandj 
and Division of Medical Sciences, National Academy of Sciences-
National Research Council, Washington, D C. 

ORR, RICHARD H., EDWIN B. COYL, AND ALICE A. DEEDS. 1 renas 
in oral communication among biomedical scientists: meetings and travel. 
Federation Proc. 23(5): 1146-1154, 1964.—This study was under
taken to provide factual bases for a broad consideration of com
munication problems in biomedical research and focused primarily 
on the formal type of oral communication, i.e., exchange of in
formation at meetings. Data were collected on- the growth in 
number and size of biomedical meetings, on services announcing 
forthcoming meetings, on international exchange of oral informa
tion, on scientists' travel, and on government support of biomedical 
meetings. In 1961, there were almost 500 U.S. biomedical societies, 
which held 1,500 regular meetings. The number of such regular 
meetings has trebled in the past three decades. Meetings that 
serve large segments of the biomedical research community have, 
since 1957, grown by 10-20% annually. In the past 10 yeais, the 
number of U.S. personnel working abroad in biomedical fields 
has increased 50%; but for other fields, the increase has been much 
larger. Of funds provided by the National Institutes of Health 
for direct support of all types of information activities, over 25% 
has gone to- meetings. The importance of unanswered questions 
and the large amount of scientists' time devoted to oral communica
tion merit more study than this mode of scientific communication 
has previously received and warrant increased efforts to improve 
both meetings and informal oral communication. 

> «V 

1 HOUGH perhaps not as frequently as complaints of 
"too many papers," cries of "too many meetings" are 
often heard today from scientists in all disciplines. 
Criticism of duplication among meetings and of other 
causes of inefficiency in oral communication are also 
common. Astute observers of the scientific scene view the 
trends in oral communication with emotions ranging 
from serious concern to enthusiasm. In a recent editorial 
Abelson (1) remarked: ' 

The annual round of spring meetings reminds us that those 

1 This work was supported, in part, by Public Health Servic, 
Contract PH 43-62-67, of the Division of Re™ CrZ 
National Institutes of Health. Grants> 

2 This author's participation was supported by Public 
Service Grant GM 09.66, from the National Institute1 £ 
Medical Sciences. craJ 

3 Formerly, Institute for Advancement of Medical Common,V 
Don; present address: National Institute of Mental HeahT 
Bethesda, Maryland. **caito, 
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gicai national garnering* uku ciircuvcnrjB as 
for scientific communication. At the recent Atlantic City tncetinjl 
of the Federation of American Societies for Experimental Biology] 
there were 3,138 papers presented and at many at 34 simultaneous 
sessions. I here are comparable situations 111 ..iher areas of scienofl 
Planning one's program of attendance on such occasions can be 
frustrating, for one notes numerous papri, inlrcrst but did 
covers that many of the attractive presentations are being given 
concurrently. All too oftrn the harassed scientist cannot make up 
his mind and foregoes all of the choices. ... We permit and cvetl 
encourage scientists to deliver virtually the same lecture at meet-] 
ing after meeting. It is annoying and wasteful to make a qicciai 
effort to hear a paper only to find (hat the speaker is rr|x-atingl 
almost verbatim, material he has presentrd rarlier. 

Brookes (6), in looking at the scientific communication 
system, commented: 

Inevitably the scientist is beginning to find his way around the 
PaPer If organhuig mate and mote conferences fl 

tc e can meet personally those whose work most concerns j 
m an thus re-establish direct contact, by passing the formed 

ne of communication by creating infernal ch-umrb tb.it srd 
more stimulating. 

That provocative historian of science, de SoUa Price; 
12 ee's l^c ,rcnds he detects should be encouraged J 
The first noteworthy phenomenon of human engineering is 

""""coa,po'ed °' 1 
attend °r^aruz*tion 11 not perfect; a few of the best men may not 
perfect nh^ who do attend might not qualify if we had 

JUd«mCn, dierr is a limit to the useful 
knowlcderaKt many 'nv«ed. an unofficial subgroup of realty 

Sf m^ber» WU1 * '««d into being. 
i n  c o m p u t e d ° r S * n i " t , o o s  e x i s t  i n  m o l e c u l a r  b i o l o g M  
sciences with C°3' i"* rmd*° astronomy, and doubtless in ail 
are inevitable r °Pnd' Participants. By our theory they 
insufficient to'meet ** JU" °"C •ymPtom' U 

a more mm; body every year, and thrrr is a n red (or 
hundred. lnuom "neans of close contact with the group of • 

munication^ ^ ^rouP' devise mechanisms for day-to-day com* 

as did "vwble college, in the si 
found the Ro, 1 c pioneers who Ister banded te 
encouraged for tW**^ 10 ,66° Such 3 

Papers that would A, 1 *UtU* W*0® without incre 
otherwiw be written to this end.... 

> 
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Olher Aoughtfu1 statements on oral communication 

thought CltC AeSe illuStrate the main ^hools of 

Taken together, scientists' opinions on the changes 
that seem to be occurring suggest a number of hypotheses 
about oral communication, which are often conflicting 
Some of the more significant of these are: /) that scien
tists are spending relatively more time in oral communi
cation; 2) that, for communication among contem
poraries, the written record is being increasingly bypassed 
and relegated to serving primarily archival functions; 
and 3) that meetings are becoming less effective and 
more wasteful of scientists' time, particularly that of 
senior scientists. These hypotheses merit careful, objec
tive testing, since, if true, they have vital implications 
for those concerned with the rate of scientific progress 
and with improving communication among scientists 

Despite the importance of these implications and a 
growing recognition of the importance of oral communi
cation to scientists, studies to learn more about this 
mode of scientific communication and projects aimed 
at developing improved means for oral communication 
have been few as compared with research and develop
ment efforts directed toward "the literature problem'' 
Nor have important questions concerning the relation 
of oral communication to the literature of science been 
examined more than cursorily, e.g., How efficiently is 
orally reported information transformed into documents 
that become part of the scientific record? What are the 
relative advantages and disadvantages of oral and writ
ten communication for the various purposes to be served? 

As a subject for study, oral communication poses one 
major difficulty not shared with other modes of scientific 
communication: it generally lacks concrete artifacts 
such as documents, which facilitate quantitative analysis! 
Another major difficulty is one common to most research 
and development in scientific communication: there is 
no practical, widely accepted method for measuring 
directly, in terms of effect on research productivity, the 
value of any communication activity or service. This'lack 
of suitable methodology rules out, for the present, any 
definitive test of the last of the hypotheses stated above. 
The validity of the first two hypotheses for the biomedical 
research community could be tested by known tech
niques, but to do this with acceptable rigor will require 
major projects. 

In this study, our goal was limited in that we did not 
attempt a definitive test of these hypotheses. Rather, 
we collected and analyzed data on selected aspects of 
oral communication among biomedical scientists in an 
attempt to provide some factual bases for a broad con
sideration of communication problems in biomedical 
research. Our inquiry was confined largely to formal 
oral communication.4 Data were collected from pub-
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fished materials and from unpublished records of pro
fessional societies and governmental agencies. The aim 
of this paper is to summarize our findings and to identify 
areas for future studies. 

Oral communication can be classified as formal or informal 
the formal type being all oral exchanges that are structured by the 
formalities of events planned for oral communication (e.g., lectures 
symposia, and conferences) and the informal type constituting all 
other oral exchanges, face-to-face and by telephone. 

FINDINGS AND DISCUSSION 

Regular Meetings of U.S. Biomedical Societies 

The growth in the number of U.S. biomedical societies 
nd their regular meetings5 over the past three decades 

is shown in Fig. 1 . A complete list of the U.S. biomedical 
societies existing in 1961, with the number of regular 
meetings held by each, is given in the appendix to this 
paper. The total number of regular meetings trebled 
during the past 30 years. The rate of increase seems to 
have accelerated sometime in the late 1940's or early 
1950 s. State and local societies typically hold more 
meetings than national and regional organizations—in 
19b 1 an average of 4.2 per year per society vs. an average 
of 1.6 for national and regional organizations. Such 
societies accounted for about four-fifths of all regular 
meetings in 1961, a larger proportion than in 1948 or 
earlier; since the average meeting frequency for national 
and regional societies and for state and local societies 
has remained fairly constant, this change reflects the 
faster growth in the number of state and local societies. 
1 he over-all increase in meetings is secondary to the 
proliferation of societies. 

Meeting Announcement Services 

One of the ways in which scientists commonly learn 
of forthcoming meetings, other than those of their own 
societies, is through lists of meetings published in jour
nals or lists compiled and distributed by special services 
set up specifically to perform this function. These two 
kinds of activities represent different types of meeting 
announcement services. Of the journal announcement 
services, Science and the Journal of the American Medical 
Association {JAMA) provide the most comprehensive 
listings of biomedical meetings. Of the special meeting 
announcement services, the most widely available and 
useful to the biomedical research community probably 
are: Scientific Meetings, Special Libraries Association 
Sc i ence -Techno logy  D iv i s i on  ( f i r s t  i s sue ,  1957 ) -  1 8  

Month Calendar of National Meetings, Office of the Surgeon 

6 Events planned for oral communication fall into two categories • 
bilT 1C" ,mCetlngS C°nvened Periodically on a continuing 
basis (e.g., annual meetmgs of societies), and 2) ad hoc, i.e., meeting? 

serie^f events.PUrP°Se ^ M by °De CVent' or a sho« 

• A copy of the appendix can be borrowed from the National 
Library of Medicine by initiating an interlibrary loan request 
for: Appendix-to Orr, Richard H„ Edwin B. Coyl, and Alice A 
Leeds. Trends in oral communication among biomedical scien 
tists.meeting and travel. Federation Proc. 23: 1146-1154, 1064 

The regular alternation of plateaus with growth spurts sug
gested by die curves for both societies and meetings is probabfy 
artificial One possible explanation is differences in the way sue 
cessive editions of-the source document were compiled. 
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FIG. 1. U.S. biomedical societies and their regular meetings, 
1927-1961. Although the data source includes almost all well-
organized societies, many small, relatively informal organizations 
are undoubtedly omitted. Societies that met both of two criteria 
were counted as "biomedical": 1) that they hold regular meeting, 
at which biomedical research is reported; s) that they require a 
doctoral degree for membership. The latter criterion excluded 
some societies that hold meetings at which biomedical research is 
presented (e.g. American Heart Association and American Cancer 
Society, both of which have lay members). Data source: Scientific 
a n d  T e c h n i c a l  S o c i e t i e s  o f  t h e  U n i t e d  S t a t e s  a n d  C a n a d a  e d s  1  ( i Q 2 ~ )  
2 (193°). 3 C'937), 4 (1942), 5 (1948), 6 (1955), 7 (,'96,).' Washing
ton, D.C.: National Academy of Sciences-National Research 
Council. 

General, U.S.P.H.S. (first issue, 1958); and the World 
List of Future International Meetings, Part I Science' 
Technology, Agriculture, Medicine, U.S. Library "f 
Congress (first issue, 1959). 

The journal services depend largely upon notices 
sent to editors by meeting organizers and societies Th 
special services rely chiefly upon scanning large nurni '' 

of journals for information on forthcoming meeting! 
The coverage achieved by eithei type of meeting an-
nouncement sen-ice, therefore, ultimately depends upon 
the initiative of meeting sponsors in sending out notices.] 

The numbers and types of biomedical meetings held 
in 1956 and in 1962, and announced by a combination 
of the major services, are shown in Fig, 2.' For 1956) 
meetings, only 7 % of all biomedical meetings announcfl 
by the services studied were of the ad hoc type, for 1962 
meetings, the corresponding ratio was 16%. 

Completeness of combined (overage A rough idea of the 
completeness of coverage provided by the combination 
of major sendees studied can be obtained by comparing! 
the total number of 1962 meetings in the United States] 
and Canada that were announced (408) with the total 
number of regular meeting* held by U.S. biomedical 
societies in 1961 (1,500) (Fig. 1). The contrast betwetjil 
these two figures becomes more marked when one am 
siders that the former figure includes some Canadim 
meetings and ad hoc meeting*, which arc not included 
in the latter figure. It is apparent that only one out of 
four regular meeting* of U.S. biomedical societies an 
announced by these major service* collectively. 

A reasonable assumption is that most of the meeting 
announced by these services were those of national and 
regional societies, rather than of state and local orgamH 
tions. Considering the extensive ami lengthy plannll 
and preparation that is usual for international meeting 
it seems highly protablc that at least one of the major 
announcement services learns about such meetings a* 
therefore, that coverage of international meetings, ]>> 
the combination of services, has liern consistently goofl 
For ad hoc meeting*, one would expect coverage to tfl 
less complete, because the distribution of notices i 
likely to be less systematic than for regular meetings anq 
international meeting*. Of all 1956 meetings, 80* 
were held in the United States and Canada, a* ccunparti 
to 52% in 1962. It can be seen that international 
ings account for most meeting* held "elsewhere," »•«•» 
other than in the United States and Canada (see bats 
for "all meeting*," Fig. 2). The remainder are largj 
meetings convened by foreign organizations that <M 
not meet our criteria for international meetings C°v» 
age of the Utter type of meeting by U.S services 
undoubtedly quite incomplete ! 

The number of "all meetings" announced by • 
combination of services increased by 48% in the 6-yj 
period (1956-1961). whereas, announcements of a V 
and international meetings increased during the ssj 
Period by 206% and 117%, respectively. The fact m 
relatively more ad hoc and international meetings 
announced does not necessarily mean that relatively 
of these types of meetings were held. However, it " 

cly that the striking increases in announcemen • 
reflect actual changes in the frequency of these two tM 

1 The tame meeting <ra very cxn 
°nJj Kri ^ numbrn used in Fig. • 
a pvcn "Knot onh once 

luted bf 1 

obtained h 
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FIG. 2. Biomedical meetings listed by major announcement 
services for 1956 and 1962. International meetings are included 
in the totals for "all meetings." In tabulating international meet
ings, only meetings listed by an announcement service as "interna
tional," or those with titles that explicitly indicated an international 
character, were counted. Data sources: for 1956 meetings—Science 
Dec. 2, 1955, thru Dec. 21, 1956; JAMA, Jan. 7, 14, 21, Feb. 25, 
Mar. 24, Apr. 28, May 26, June 30, July 28, Aug. 25, Sept. 29^ 
Oct. 27, Nov. 24, and Dec. 8, 1956; International Associations, Jan. 

TABLE 1. U.S. and Canadian biomedical meetings 
listed by selected services 

Year 

Science* JAMAf VSPHS Calendart 

Year 
No. 

meetings 
AYS-

length 
(days) 

No. 
meetings 

Avg. 
length 
(days) 

No. 
meetings 

Avg. 
length 
(days) 

I95I 200 2.6 
1956 80 4.1 212 3-2 
•957 94 3-5 
'958 72 3-6 94 3-7 
'959 '45 3-5 128 3-8 
i960 165 3-7 95 3-4 
1961 127 3-7 241 3-2 151 3-9 

* Count includes all meetings of U.S. biomedical societies 
listed in the appendix to this paper (see footnote 6) and other 
meetings whose subject or sponsor indicated a likelihood that 
biomedical research was reported. f Journal oj the American 
Medical Association. f 18-Month Calendar oj National Meetings, 
Office of the Surgeon General, U.S.P.H.S. 

of meetings, rather than simply more complete coverage 
by the services. 

Coverage oj individual services. The number of meetings 
announced by any given service depends upon how many 
it is informed about and its selectivity. Table 1 gives the 
total number of U.S. and Canadian biomedical meetings 
announced by each of the two most comprehensive 

27 24 

22 
19 4 

22 

5 

A B A B 
AUG SEP A B A B 

NOV DEC 

thru Dec. 1956; List of International Conferences and Meetings, Oct. 1 
I955» Apr. 1, 1956, July 1, 1956* Oct. 1, 1956- For 1962 meetings— 
Science, Oct. 1961, thru Dec. 1962; International Congress Calendar, 
1962 ed.; World List oj Future International Meetings, Pt. 1, Oct. 1961, 
Jan., Mar., May, July, Sept., and Nov. 1962; Scientific Meetings, 
Science Technology Div., Special Lib. Assoc., Oct. 1961, Jan. 
Apr., and Oct. 1962; JAMA, Oct. 28, Nov. 25, 1961, Jan. 27' 
Feb. 24, Mar. 24, Apr. 28, May 26, June 23, July 28, Auv. 21 
Sept. 29, and Oct. 27, 1962. 

journal services and by a widely available special service 
for biomedical meetings. In the period shown, the num
bers of biomedical meetings announced by Science and 
by JAMA seem to have increased significantly. Of these 
three services, JAMA listed the largest number of 1961 
meetings; but this number, which included both regular 
and ad hoc meetings, was only about one-sixth the 
number of regular meetings of U.S. biomedical societies 
alone (1,500). 

Table 2 compares the number of international meet
ings announced by Science and by a special service for 
international meetings. Over the past decade, the figures 
for both services indicate a definite increase in the num
ber of international meetings announced. Science shows 
the larger relative increase; but the number of 1962 
meetings announced in the World List of Future Interna
tional Meetings more closely approximates the total 
number announced by a combination of major services 
(86 in 1956 and 187 in 1962). 

Length of Meetings 

The relatively long average length of the U.S. and 
Canadian meetings announced (Table 1) probably 
reflects the fact that these were largely national and 
regional meetings, which tend to run longer than state 
and local meetings. International meetings are, on the 
average, significantly longer than other types' (Tables 



H52 FEDERATION PROCEEDINGS Volume sj 

TABLE 3. Growth of FASEB meetings vs. growth of 
U.S. biomedical research manpower 

Year 

FASEB Meetings U.S. Biomedical 
Research Manpower 

Year 

Attendance Papers Total Full-time 
equivalents 

1954 6,453 1 >539 ig,200 14,000 
T95® 9D36 2,111 34,600 23,IOO 

i960 11,015 2,654 39,700 27,285 

Annual growth rate* . 12 . 12 .18 . 16 
(1954-1960) 

* Annual growth rate = (b — a)/a-t, where b = value for last 
year of period, a = value for first year of period, and t = number 
of years in period. Data sources: FASEB records; for U.S. bio
medical research manpower, ref. 14. 

TABLE 4. Per cent of NIH research grants 
expended for travel* 

Year Research Grants 
(millions) 

% Domestic 
Travel 

% Foreign 
Travel 

Total % 
Travel 

t947 $ 3-6 1.67 
r949 13.6 1.83 
•951 •7-7 1 -95 
•956 39-6 2-54 
>958 99-7 2.15 O.23 2.38 
i960 202-9 2 - I 5  0.38 

• 
2-53 

* These figures exclude travel charged to training and fellow
ship grants, research contracts, or grants made expressly to sup
port meetings. Data source: Office of the Assistant to the Direc
tor of NIH for Scientific and Technical Information, Aug. 1, 
1963; based on samples of grant expenditure reports for the given 
years (for fiscal year i960, the sample consisted of 1,008 grants). 

scientific and technical personnel with grants to "work"10 

in foreign countries, and also corresponding data on 
foreign nationals working in this country. 

The number of U.S. biomedical personnel working 
abroad increased some 50% between 1952 and 1962, 
while the corresponding increase for personnel in fields 
related to biomedicine (agriculture, anthropology, 
biology, chemistry, and psychology) was almost three 
times greater (140%). The increase in fields less closely 
related to biomedicine (e.g., physics and engineering) 
has been even more marked. As for foreign personnel 
working in the United States on grants, the increase in 
biomedical fields has been only about 30 %, as compared 
to over 140% for workers in related fields. In the bio
medical field, the ratio of the number of Americans 
working abroad to foreign nationals working in the 
United States has changed little (9/100 in 1952 and 
11/100 in 1962). In 1952, 63 % of the American person-

10 As used here> "work" includes studying or teaching, attending 
meetings, and visiting laboratories. The State Department renorts 
do not cover all foreign travel that is financed by institutional or 
personal funds, charges against research project funds, and soecial 
grants for international congresses. 

nel working abroad in biomedical and related fields were 
in Europe (including the British Isles); whereas, in 1962, 
the percentage had dropped to 52%. In 1952, 64% of 
the aliens with grants to work in the United States in 
these same fields came from Europe, but in 1962, this 
figure was only 32 %. 

For 1959-1961, the State Department has compiled 
data on all travel by scientific and technical personnel 
to and from the Soviet Union and Eastern Europe; 
these data are, however, not broken down by scientific 
field. During these years, about half again as many 
Americans visited "Iron Curtain" countries as citizens 
of these countries visited the United States. Poland, 
Hungary, and Romania, however, were exceptions, in 
that they sent more visitors than they received from the 
United States. The figures from year to year arc charac
terized by marked variations probably explained, at 
least in part, by large international congresses and 
changes in the cold-war climate. A detailed breakdown 
of all data on international exchange is given in the 
appendix (sec footnote 6). 

Support o f Meetings 

Numerous federal agencies make grants or contracts 
specifically to support meetings at which biomedical 
research is reported. Of these, the Department of Health, 
Education, and Welfare (HEW) contributes the most 
support, largely through the National Institutes of 
Health (NIH). Table 5 indicates HEW and NIH ex
penditures for direct support of meetings. The basis on 
which federal agencies reported their expenditures for 
meetings has been changing; and the significance of the 
apparent decrease, l>oth in terms of dollars and in per
centage of total extramural research funds, cannot be 
assessed from the information presently available." j 
Table 5 also shows total expenditures for direct support, 
of all types of information activities. For the same reason! 
the apparent changes cannot be evaluated. The data, 
however, do allow some comparisons. Over the 4"veari 
period, NTH expenditures for extramural support of 
meetings accounted for over 25% of NIH expenditures] 
for extramural support of all types of information actisi-
ties, all direct support of information activities amounted 
to less than 2 % of total research grants over the same j 
period. 

If the figures for indirect support (i.e., travel charge"! 
to NIH research grants, Table 4) arc added to those for 
direct NIH support of meetings, the sum represents a 
poss approximation of all NIH extramural support for 
•normal and formal oral communication activities. F 
'r vr j1^ t0ta^ Camc to around $6.5 million, or 3-2 °] 
0 - H research grant funds in that year. 

_ " ^lfficulti« are compounded when one attempts to com
pare data from d ifferent sources. For nsmnlr the source for data 1 

is "pport of international meetings alone. If this am 
Tahlr teu from ^ figure for NIH extramural expenditures 

Hiri: ^,eudifferencc <S'H.°oo) teems too small to re pre*® 
NIH support for domestic meetings 

all 
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TABLE 

Fiscal 
Year Agency 

Expenditures for Meetings 
(thousands) 

Expenditures for All Types of 
Information Activities 

(thousands) 

Intra
mural 

Extra
mural* Total Intra

mural 
Extra
mural* Total 

i960 HEW 
NIH 

$3^4 
163 

$1,638 

',4'7 
(•70%) 

$2,002 
1,580 

$5,008 
',95° »- 

Cn
 

Cn
 

$ 9,523 
6,121 

1961 HEW 
NIH 

57° 

348 
1,887 
',679 

(•57%) 

2,457 
2,027 

6,096 
2,297 

5,815 

5,4'9 
0-8%) 

11,911 
7,7'S 

1962 HEW 
NIH 

657 
393 

1»34' 
9^4 

(.22%) 

',998 
1,357 

7,165 
2,740 

7,'34 
5,869 

(••4%) 

•4,299 
8,609 

'9^31 HEW 
NIH 

762 
423 

1,038 
780 

(••8%) 

1,800 
1,203 

8,128 
3,°38 

6,928 
4,665 

(1-0%) 

'5,°56 
7,7°3 

Figures for NIH support are included in HEW figures. Fig
ures on intramural expenditures for meetings include costs of 

all (fiorts directed toward planning, scheduling, announcing, 
supporting, sponsoring, conducting, and attending symposia, 
comerences and meetings held primarily for the discussion, ex
change and oral dissemination of scientific and technical in
formation. Travel and subsistence costs of federal employees 
participating in such meetings are included. Figures on extra
mural expenditures for meetings are limited to grants or con
tracts with individuals and organizations outside the govern
ment which have as their primary purpose the support of a 
scientific meeting. Travel and subsistence paid by participants 
from regular research grants are, therefore, not included. 

Expenditures for all types of information activities" include 
costs of publication and distribution, bibliographic and refer
ence services, and research and development in scientific com
munication, as well as scientific meetings; as with meetings, the 
figures for extramural expenditures include only grants and con
tracts made primarily to support information activities. 
* Percentages in parentheses relate the given figure to total NIH 
research grant funds (excluding fellowships and training and 
construction grants) in that fiscal year. These totals were $203 
million for i960, $294 million for 1961, $434 million for 1962, and 
an estimated $450 million for 1963 (Office of Special Assistant 
to the Director for Scientific Communication of NIH). f All 
data for 1963 are based on budgetary estimates. Data sources: 
NSF-61-82, NSF 63-11. 

Other Studies of Oral Communication 

Although the limited goals of the present study pre
cluded systematic investigation of the critical hypotheses 
and important questions posed in the introduction to this 
paper, we reviewed reports of other studies for methods 
that might be used to obtain definitive data on oral 
communication, and for suggestive data relating to the 
hypotheses. Probably the only accurate estimate of the 
time scientists spend in oral communication is that 
developed in AckofPs study of chemists (7). He found 
that academic chemists devote 18.4% of their working 
time to oral communication of scientific information, 
as contrasted to 5.5% for reading. It seems unlikely that 
biomedical scientists are grossly different from chemists; 
but serial time-studies are required to assess the changes 

that are presumably occurring. Studies by Glass (9) 
and Menzel (10) on small samples of biological scientists 
have demonstrated qualitatively the importance of 
oral communication for acquiring needed information 
and for learning of work of major significance. Very re
cently, the Biological Sciences Communication Project 
reported some of the results of a study of informal modes 
of communication by personnel in selected biological 
and biomedical research laboratories (5). The complete 
results of this study may contribute materially to an 
understanding of the relative importance of oral and 
written communication. As part of an integrated series 
of studies being conducted by the American Psychologi
cal Association, Garvey and Griffith assessed the effec
tiveness of scientific meetings in serving some of the 
expressed needs of the psychologists who attend (2) 
and investigated how often and when oral reports be
come part of the written literature (3, 4). Their findings 
on the publication fate of oral reports agreed, in broad 
outline, with those of a study of biomedical scientists 
(11) and confirmed previous evidence that factors other 
than the quality of the work affect when and whether 
the results of research reach publication after having 
been given as an oral report. 

CONCLUSIONS 

/) The large increase, over the past few decades, in 
the number of meetings at which biomedical research 
is reported has not exceeded the increase in the number 
of scientists engaged in such research and is a direct 
consequence of this growth in manpower, as is the in
crease in the size of the larger research meetings. 

2) None of the major journal or special services that 
announce forthcoming biomedical meetings, nor a 
combination of these services, approaches complete 
coverage of U.S. meetings, even if ad hoc and state and 
local meetings are excluded. Whether omissions in the 
meetings listed by a given service result primarily from 
selectivity aimed at tailoring the service for its clientele, 
or from lack of information, cannot be clearly deter
mined from the present data; however, the latter 
explanation appears more likely. 

3) The amount of information exchanged orally 
between U.S. biomedical scientists and foreign colleagues 
has probably increased as a result of more international 
meetings and travel; however, whether this absolute 
increase represents a relative improvement in interna
tional exchange is uncertain. 

4) The typical biomedical scientist may be traveling 
more than he did several decades ago. Whether this 
increased travel speeds research progress or represents a 
substitute for other modes of communication that are 
more economical, in terms of funds and scientist-time, 
remains to be determined. 

j) Federal expenditures for activities associated with 
oral communication account for a major fraction of 
total government support for biomedical information 
activities and services of all types. No criteria exist to 
judge whether this apportionment of funds is optimal. 
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6) The importance of oral communication as a means 
of information exchange, and as an activity that absorbs 
large amounts of scientists' time, warrants substantially 

more effort devoted to studying this mode of scientific 
communication and to improving the mechanisms for 
both formal and informal oral communication. 
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ORR, RICHARD H., AND VERN M. PINGS. Document retrieval: the 
national biomedical library system and interlibrary loans. Federation 
Proc. 23(5): 1155-1163, 1964.—By 1965 improved reference re
trieval services, such as those to be provided by the Medical 
Literature Analysis and Retrieval System (MEDLARS) of the 
National Library of Medicine (NLM), will enable biomedical 
scientists to obtain references to relevant documents more easily, 
and from a broader segment of the world's scientific literature, 
than at present. References to relevant material are, however, of 
no value to the scientist unless he can obtain the documents 
referred to (document retrieval). The aim of this study was to 
explore the likely impact of improved reference retrieval services 
upon the present "system" that supplies the biomedical scientist 
with the documents he requests, i.e., the biomedical library 
"system." By reviewing past studies, considering available evi
dence, and collecting such new data as time and resources per
mitted, the document retrieval operations of this system were 
analyzed. From their own collections, biomedical libraries supply 
varying percentages of the total documents requested by their 
respective local biomedical communities. They meet the remain
ing requests by calling on other libraries for interlibrary loans. The 
volume of these loans has been increasing by about 10% a year 
and presently exceeds 500,000 documents annually. The cost of 
maintaining this flow is over $2 million per year. Current signs 
of strain indicate that the system, as presently operated and 
financed, has reached its maximal capacity to meet the demand 
for interlibrary loans and is critically unstable. Present evidence 
indicates that this demand may reach one million documents 
annually by 1965. The capacity of the system must be increased 
rapidly if biomedical scientists are to benefit from the new and 
improved reference retrieval services that will soon be available. 
There are three major alternatives for a long-term program to 
meet this challenge: 1) increase the capacity of NLM to furnish 
photocopies to libraries on request, 2) establish regional loan 
centers, and 3) develop the collections of local biomedical librar
ies to reduce the need for interlibrary loans. As an interim meas
ure, subsidy of interlibrary loan operations is suggested. 

THE TERM "INFORMATION RETRIEVAL" is currently 
applied loosely to any service, device, or means for 
performing one or more of the following functions: 
/) finding references to documents that may contain 

1 This work was supported, in part, by Public Health Service 
Contract PH 43-62-167, of the Division of Research Grants, 
National Institutes of Health. 

1 This author's participation was supported by Public Health 
Service Grant GM 09166, from the National Institute of General 
Medical Sciences. 

needed information; 2 )  supplying documents, given 
references to them; 3) providing the specific information 
required to answer a question. In the literal sense, only 
the last function represents true information retrieval. 
The first function is better called "reference retrieval," 
and the second should be termed "document retrieval." 

Although reference retrieval is useful to a scientist 
only as a preliminary to document retrieval, the fact 
that these two functions must be closely coupled to 
satisfy his needs is often ignored in proposed solutions 
to his information problems. A machine or system that, 
within minutes, supplies him with a list of references 
represents little in the way of a practical advance if the 
documents referred to cannot be obtained with ease and 
speed. Despite the obvious interdependence of these 
two functions, current attention is focused largely on 
ways to provide new and improved reference retrieval 
services. The necessity for parallel improvements in 
document retrieval services is commonly overlooked, 
or present document retrieval services are assumed to be 
adequate to meet the new demands that will be imposed 
on them by improved reference retrieval. 

The general aims of this study were: /) to determine 
how the improved reference retrieval services that can 
be expected within the next few years will increase and 
change the demand for delivery of biomedical docu
ments, and 2) to examine the adequacy of present means 
for meeting this demand. For this analysis, we assumed 
that by 1965 some of the current plans for major im
provements in reference-type services for biomedical 
scientists will be realized and that these services will be 
utilized. For example, full operation of the MEDLARS3 

program (12) of the National Library of Medicine 
(NLM) was postulated. 

APPROACH 

In pursuing these general aims, our approach em
ployed the following steps: /) to analyze the personal 
and institutionalized sources on which the biomedical 
scientist calls to obtain a document, once he has a 
reference to it; 2) to assess the relative importance of 

3 Medical Literature Analysis and Retrieval System. 
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these sources; 3 )  to describe the major institutionalized 
sources (biomedical libraries) as a national system for 
delivering documents on request (document retrieval); 
4 )  to determine past trends in the total demand for 
document retrieval and estimate the capacity of the 
present biomedical library system for document retrieval; 
5) to predict the probable quantitative and qualitative 
changes in demand that will result from new reference 
retrieval services; and 6) to compare the capacity of 
the present system with the probable demand in 1965. 

Previous studies were reviewed; however, few provided 
data suited to our purpose. Some biomedical libraries 
publish annual reports, and these were useful when they 
provided data on document retrieval loads. To supple
ment the meager data available, and to test the assump
tions made in estimating the volume of interlibrary 
loans, we conducted a modest survey, which is described 
later. 

RESULTS AND DISCUSSION 

Scientists' Sources of Documents 

Faced with the need to obtain a document (an article, 
book, or report) that he can identify specifically (e.g., 
a document referred to in an article he has read), a 
scientist has six major sources to which he may turn: 

1) He can sometimes find it in his personal collection 
of reprints, journals, and books. 

2 )  He can ask a colleague who may have it, or he can 
write the author for a reprint. 

3 )  He can request a copy from the publisher, or from 
various types of special services, e.g., book dealers, the 
Office of Technical Services of the Department of 
Commerce (for technical reports of government-sup-
ported research), or such services as the Excerpta Medica 
Foundation and the Institute for Scientific Information 
(for articles listed by their respective reference retrieval 
services, Excerpta Medica and Current Contents). 

4 )  He can visit the library of his immediate working 
unit (department or laboratory), if such exists. 

5) He can call on the resources of the main libraries 
of his institution. 

6) He can use a local library outside his institution. 
The first two possibilities constitute personal or in

formal sources. The last four represent services set up 
expressly to deliver documents on request, i.e., institu
tionalized or formal sources. A scientist's strategy for 
deciding in what order to try the different sources de
pends on many variables, including the nature and age 
of the document wanted, the urgency of his need, the 
relative effort and cost involved in using different sources 
his knowledge of their respective holdings, and his 
previous experience in using them. 

Little evidence is available that bears directly on the 
relative quantitative importance of various sources 
i.e., what percentage of a biomedical scientist's needs 
for specific documents are filled by each of the different 

sources.4 The relevant literature consists largely of 
more-or-less educated guesses. A reasonable hypothesis 
is that the typical academic biomedical scientist calls 
on his local services—the library of his working unit, ' 
and the other libraries of his institution—for 10-15% 
of the specific documents he needs; however, about all 
that can be said with certainty is that his local services 
are the formal sources he most frequently turns to for 
needs not satisfied by his informal sources. 

The National Biomedical Library System 

His local services are part of an informally organized 
system that has evolved to make the nation's total re
sources in biomedical documents available to any library. 
All libraries whose primary function is to serve local 
or regional communities can be considered to constitute, 
collectively, the local level of the system. The National 
Library of Medicine, whose primary mission is to serve 
the entire country, is the chief national-level component. 
Any local-level library may borrow documents from, 
or lend documents to, any other local-level component 
of the system. NLM satisfies the residual 'demands not 
met at the local level of the system. This view represents ^ 
a considerable simplification of the system's operation,6 

but it is useful for the present analysis. 
Table 1 summarizes the resources of the principal 

components of this system, i.e., the libraries that can be 
readily identified as biomedical.6 The geographical ' 
distribution of these resources is shown in the appendix 
to this paper.7 One-fourth of the biomedical libraries 
are in academic institutions; these libraries account for , 
one-half of the total number of volumes in all biomedical 
libraries. 

A biomedical scientist interacts directly with only the 
local level of the system, primarily with his own local 
services but occasionally with more distant libraries.8 

The remainder of the system is, for him, a "black box." 
How his request is filled does not concern him, only 
whether it is filled and how quickly. He requests a 
document from his local library, which first tries to 
fill this request from its own collection. If this is not 
possible, his library usually borrows -the needed docu
ment from another local-level library (sometimes in 

One study of eminent scientists in all disciplines indicated 
that the most common sources they used to obtain specific journal 
articles were authors, libraries, and publishers, in that order (3). 

6 !p?r examPlc, transactions with foreign libraries arc ignored. 
I hat many other libraries deal, at least to some extent, with 

biomedical documents is indicated by the fact that in 1959 NLM 
loaned documents to 1,4,7 different libraries within the United 
states (6). 
I ., copy of the appendix can be borrowed from the National 
,),rai/v 0 Medicine by initiating an interlibrary loan request for-
Appendix to Orr, Richard H., and Vcrn M. Pings. Document 
retrieval: the national biomedical library system and interlibrary 
oasnk ;a''0',/W- ^ .964. 

lhe document retrieval services of NLM are available to 
person0 1111011811 3 Iocal-lcvel ''brary, unless he visits NLM in 
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TABLE I. Principal resources of the national 
biomedical library system 

Type of Institution No. 
Librar

ies 

%ot  
Total 

Libraries 

3 
No. Volumes 

Held 

4 
%of 
Total 

Volumes 

s 
Avg. No. 

Vol./ 
Library 

Academic •43 26.8 6,129,400 50.0 43,000* 
Federal (other 391 7-3 2,012,900! 16.3 26,000! 

than hospitals) 
26,000! 

Professional 53 9-9 I.855.30° •5-1 35.000 
Hospital 241 45-0 1,558.100 12-7 6,500 
Industrial 44 8.2 4,4>9°o 3-8 9,400 
Public 7 ' • 3  197,600 1.6 28,000 
Foundation 8 ' • 5  71,400 °-5 8,900 

Totals 535 100.0 12,239,600 100.0 

Explanation of categories: Academic—Certain types of uni
versity libraries, e.g., biology and biochemistry department 
libraries, although they might be classified as biomedical, were 
excluded because consistent or complete information was not 
available. However, department libraries identifiable as medi
cal, dental, or pharmaceutical were included. Professional— 
Libraries presently operated by a professional society, or origi
nally established to serve the medical profession. Hospital— 
Private and governmental hospitals, including federal hospitals 
(e.g., Veterans Administration). Public—Libraries whose funds 
are derived from local taxes, or which have defined their pri
mary function as serving the general public. * The collec
tions of medical school libraries are larger, on the average, than 
other academic biomedical collections. For 75 U.S. medical 
schools in 1962-1963, the average collection contained 77,000 
volumes (range 6,000-353,000 volumes) (5). Since these collec
tions are growing about 5% annually, this average cannot be 
compared directly with the average given here for academic 
collections, which is based on data several years older. f In
cludes NLM, whose holdings exceeded one million volumes in 
1962 (7). J Excludes NLM. Data sources for columns 1 and 3: 
Ash, L. Subject Collections, 2nd ed. New York: Bowker & Co., 
1961; and Medical Library Association Directory, 1959. Only 
libraries listed in these two sources were included in this tabula
tion. 

other parts of the country) or calls on NLM. Occa
sionally, the document is ordered from the publisher. 

The operations entailed in an interlibrary loan trans
action are summarized in Fig. 1.8 This transaction is 
much the same whether an original document or a 
photocopy is obtained, except that the former must be 
returned and the latter may require processing an in
voice for charges to cover the lending library's costs 
for photocopying. 

Figure 2 illustrates the complex interactions among 
libraries, using as an example, the relations of one aca
demic library (Wayne State University Medical Library) 
with other local-level libraries and with NLM. In one 
year, this library borrowed 102 documents from 17 
other local-level libraries, largely in the Midwest, and 
67 documents from NLM. The total number of docu
ments it borrowed (169) is small compared with the 
number (4,709) it loaned to 72 other local-level libraries. 
Details of Wayne State Medical Library's borrowing 

9 A detailed analysis of intra- and interlibrary operations asso
ciated with loan transactions is available in Medical Library Re
port No. /, Wayne State University, January 1964. 

and lending transactions with other libraries are sup
plied in the appendix (see footnote 7). As might be 
expected, libraries with larger collections, in general, 
borrow relatively little and are primarily lenders; 
whereas the opposite is true of libraries with smaller 
collections. These data illustrate this phenomenon, 
which is important for understanding the problems of 
the system; the number of documents this medical 
school library (total holdings about 67,000 volumes) 
loaned to each of six smaller libraries exceeded the total 
of its own borrowing from all sources. Medical school 
libraries are, in general, primarily lenders; as a group 
they lend about two documents for every one they 
borrow (5). 

Volume of Document Flow in the System 

Table 2 gives the numbers of documents loaned by 
six local-level libraries for the years 1958-1961 and 
cites the corresponding figures for NLM. These libraries 
are not a representative sample of biomedical libraries; 
they were selected only because they had reported on 
their borrowing and lending over several years.10 From 
the data for these six academic and professional libraries, 
it can be seen that the flow of documents originating at 
the local level of the system must be considerably greater 
than that from the national level (NLM loans). In 1961, 
the Library of the College of Physicians of Philadelphia 
alone provided almost one-sixth as many loans (16,035) 
as the National Library of Medicine made to all U.S. 
libraries (87,000). 

If one knew either the number of documents loaned, 
or the number borrowed, by each of the local-level 
components of the system, it would be possible, since 
figures for NLM loans to U.S. libraries are known, to 
establish both the total flow of documents in the system 
(from lender to borrower),11 and the load carried by 
local-level libraries collectively (total document flow 
minus NLM loans). Lacking these comprehensive 
statistics, the collective local-level contribution, i.e., 
the local-level flow, can be estimated from the figures 
for NLM loans to U.S. libraries (national-level flow), 
provided an approximate ratio of national-level to 
total flow can be established. In an attempt to establish 
such a ratio and to obtain a general idea of recent 
changes in the total volume of borrowing, we conducted 
a small questionnaire survey of biomedical libraries. 
The results are shown in Table 3. 

If the respondents to this questionnaire are assumed 
to be representative of the local-level components in 
the national biomedical library system, then the total 

10 A recent report gives these statistics for most U.S. and Cana
dian medical school libraries (5); however, the data are for only 
one year (1962-1963), and medical school libraries are only one 
type of biomedical library. 

11 The return of documents to the lending library is ignored here. 
The total number of documents borrowed within the system equals 
the total number loaned, and either quantity represents the total 
flow in the system. 
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FIG. 1. The interlibrary "loan" transaction. 
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F E D E R A L  
( 2 )  

FIG. 2. Interlibrary transactions of Wayne State I • niversity' 
School of Medicine Library (June 1962-May 1963). The paren
thetical figures inside boxes indicate the number of libraries in 
the given category. The arrows indicate direction and volume of 
flow (numbers of documents). Libraries are classified here in the 
same general way as in Table 1, except that the category "govern
mental" among borrowing libraries includes municipal as well as 
federal establishments, and that NLM is shown as a separate 
category of lending libraries, rather than being included under 
federal libraries. 

amount of borrowing, hence the total document flow 
in the system, increased by about 10% per year from 
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1959 to 1962. This rate of 
increase is close to that for 
U.S. biomedical research 
manpower from 1958 to 
1960, which was 9 % per 
year in "full-time equiva
lents" (11). In this sample 
of libraries, about 15% of 
all borrowing during 1959 
was from NLM. That this 
ratio of borrowing from 
NLM to all borrowing (i.e., 
the ratio of national-level to 
total flow) may be reason
ably valid for the larger 
universe of all local-level li
braries that handle biomed
ical documents is suggested 
by some preliminary find
ings of a study of librar

ies in the New York area. Of over 41,000 inter-
library requests initiated in 1963 by 153 libraries in this 
area, 20% were directed to NLM, and about 18% of the 
total number of documents these libraries borrowed 
came from NLM (L. Ash, personal communication).11 

The total borrowing by the 50 libraries in our sample 
is plotted in Part B of Fig. 3 and compared with NLM 
loans to U.S. libraries and with loans by six academic 
and professional libraries (Table 2) during the same per
iod. In Part A of Fig. 3, alternative estimates of the total 
flow of biomedical documents in the system are shown. 
Using 15% as the ratio of borrowing from NLM to all 
borrowing, the total flow in the system in 1959 can be 
estimated as 390,000 documents. Borrowing by the 50 
libraries in the sample increased by about 10% annually; 
10% annual increase projected from this estimate of 
total flow in 1959 would give a total flow of approxi
mately 570,000 for 1963. On the other hand, if one 
assumes that the ratio of borrowing from NLM to all 
borrowing was the same in 1963 as it was in 1959 (15%), 
the total flow for 1963 would be estimated as around 
720,000 documents. 

While total borrowing by the sample libraries was 
increasing at 10% annually from 1959 to 1962, the 
number of NLM loans was increasing more rapidly 
(about 20% annually). This suggests that NLM was 
providing a greater proportion of all loans in 1962 than 
in 1959 when the ratio was 15%, and that the estimate 
of 1963 flow based on the 1959 ratio may be high." 

Relation of Interlibrary Document Flow 
to the Total Demand on System 

The total interlibrary flow of documents represents 
only residual demand, i.e., the fraction of total user 

. 12 During the same period, these libraries received over 42 000 
interlibrary requests for documents. 

13 It is interesting, though probably accidental, that an estimate 
of total flow for .963 based on the 18% ratio tentatively established 
for New York area libraries in 1963 would be about 600,000 
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TABLE 2. Number of documents loaned to other libraries by six biomedical libraries during the years 1958-196/ 
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College of Physicians of Philadelphia Library 
Texas Medical Center Library, Houston 
Louisiana State University School of Medicine Library 
Harvard University, School of Medicine and Public Health Library 
University of Alabama, Medical Center Library 
Wayne State University, School of Medicine Library 

Totals 

National Library of Medicine t 

No. Documents % In
crease 

1958 
1958-

1958 1959 i960 Ig6l 1961 

6,926 9, t6i *3,359 16,035 I31 

1,683 1,973 1,746 2,374* 41 
2,987 3,584 3,520 3,442 '5 1,881 1,700 2,454 ',9°3 1 

4901 554 601 724 48 
3,247 3,870 3,'92 4,412 36 

17,214 20,842 25,592 28,890 68 

59,946 72,728 95,595 109,258 82 
(48,000) (58,000) (76,000) (87,000) 

1 , terPolatcc fro™ '9p° and 196a reports. f Extrapolated from 1959-1961 reports. J Figures represent total loans (U.S. 
and foreign) and are for fiscal years. That for 1958 is not strictly comparable to those for later years, as NLM adopted a new policy 
on interhbrary loans in September 1957. Figures in parentheses are estimates of NLM loans to U.S. libraries alone and are calcu-

•1 Z ,k°\ °r "S '? loans- This percentage is based on calendar year 1959, for which a complete breakdown of NLM loans is 
available (b). f or other years, the annual reports of NLM give the domestic-foreign breakdown for photocopy "loans" but not for 
loans of original documents. If the domestic-foreign ratio for photocopies also holds for original documents (which actually account 
for only a small fraction of loans), between 77 and 82% of all loans in fiscal years 1958-1963 were to U.S. libraries. Data sources• 
Annual reports of the given libraries. 

demand on local-level libraries that cannot be met 
from their own collections. Very few biomedical libraries 
have data on what proportion of all document requests 
they fill from their own collections. This proportion 
represents a "self-sufficiency" index. Esterquest (2) has 
proposed a hypothesis that relates the size of a biomedical 
collection to its self-sufficiency in serving research 
workers. This hypothesis is stated graphically in Fig. 
4- There are few data to test this curve, particularly in 
the critical portion, where most biomedical libraries 

(95% of biomedical libraries have less than 100,000 
volumes).14 In addition, factors other than mere number 
of volumes also determine a library's self-sufficiency, 
e.g., characteristics of the collection (the relative em
phasis on journals vs. books, the proportion of old ma
terial to new, etc.) and the nature of the population 
served. It seems unlikely that the hypothesis is valid 
for other than university libraries; and even within this 
category of libraries, the curve probably does not apply 
to collections that have been established fairly recently 
and have concentrated on building a file of relatively 
recent (last 10-20 years) issues of the most frequently 
used biomedical journals. Such collections will un
doubtedly meet a higher proportion of requests 
than those equal in size but containing larger amounts 
of older journal and monographic material.16 

In the absence of data on how many documents 
iomedical scientists request of libraries, one can use 

the figures for a general academic community as a gross 
aPproximation. Quatman found that the average faculty 

documents—a figure close to the previous estimate (57°>000 

°<'umcnts) based on a 10% annual increase projected from the 
'959 level. 

Although medical school libraries average 77,000 volumes 
^compare with average for all biomedical libraries, Table 1), only 

75 have collections exceeding 100,000 volumes (5). 
Ki- receives five times more requests for journal material 

eve ** a^ter '945 than for material published in 1945 or earlier, 
n though it has twice as much material of the latter age (7). 

TABLE 3. Borrowing by sample of U.S. biomedical libraries 

Type of Institution 
No. in 
Sam
ple 

% o f  
All Re
spon
dents 

All Documents Borrowed 
Documents 

Borrowed from 
NLM in 1959 

Type of Institution 
No. in 
Sam
ple 

% o f  
All Re
spon
dents 

1959 1962 % In-
crease No. 

% All 
docu
ments 
bor

rowed 

Academic 6 12 3,960 5,687 44 954 24 
Federal (other 4 8 672 ',343 100 213 32 
than hospitals) 

',343 213 32 

Professional 4 8 883 982 11 42 5 Hospital 21 42 8,123 10,487 29 1,208 l5 Industrial 11 22 3,005 4,053 35 100 3 
Foundation 2 4 634 644 2 112 18 
Other 2 4 503 683 36 *9 4 

Totals 50 100 '7,780 23,879 34 2,648 *5 

The classification used here is the same as in Tables 1 and 2. 
The number of documents borrowed from NLM by each of the 
libraries in the sample was determined from NLM records 
for 1959. Sampling and survey methods: After excluding foreign 
libraries, U.S. government libraries abroad, public libraries 
(unless exclusively biomedical), college and university libraries 
other than biomedical libraries, and elementary and secondary 
school libraries, every tenth library on the list of institutions 
to which NLM loaned documents in 1959 was sent a simple 
postal card questionnaire asking how many documents (originals 
or photocopies) it borrowed from all sources in 1959 and in 1962. 
Of the 104 questionnaires mailed, 78 were returned in time to be 
included in the analysis. Of these, 50 supplied usable informa
tion. 

member requested 134 items per year16 from Purdue's 
libraries (9). If one assumed that the average biomedical 
research scientist uses his library as much as the average 
faculty member at Purdue, the 39,790 U.S. biomedical 
scientists estimated for i960 (n) would have requested 
about 5,332,000 documents from their libraries in that 

16 This figure does not include the documents read in the li
brary that did not entail addressing a specific request to the li
brary's personnel. 
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FIG. 3. Trends in interlibrary document flow. Part A: O © 
estimate of total document flow based on fixed ratio (15%) of 
NLM loans to total borrowing by all libraries, x X estimate 
of total document flow based on 10% annual increment over 1959. 
Part B: • • total loans by 6 academic and professional bio
medical libraries. X X total borrowing by sample of biomedi
cal libraries. 0 0 NLM loans to U.S. libraries (estimated at 
80% of total NLM loans). Data sources: See Tables 2 and 3; total 
NLM loans (to U.S. and foreign libraries) for fiscal 1962 (113,485) 
and for fiscal 1963 (134,918) from NLM annual reports for those 
years. 

year. If each of these scientists had available to him a 
library that could meet 90% of his requests from its 
own collection, the residual demand to be filled by inter-
library loans in i960 would have been about 540,000 
documents. Although the figure assumed for document 
requests from libraries may be somewhat high, and the 
assumption of 90% self-sufficiency for biomedical li
braries is probably optimistic, this estimate is in the same 

range as those for the same years based on interlibrary 
loan data (430,000 and 480,000, Fig. 3). 

The System's "Agreement" and Economics 

It is an age-old library tradition that the scientific 
record should be freely available; and by general agree
ment, interlibrary loans have customarily been made 
according to the principle, "from each according to 
his ability, to each according to his need." "Courtesy" 
is the main motivation, except for those few institutions 
whose responsibilities have been defined legally or 
administratively to include lending to other libraries, 
e.g., NLM. That this courtesy has been strained by The 
demand in recent years is evidenced by the restrictions 
imposed on the traditional agreement by the "General 
Interlibrary Code of 1952" (4): 

The purpose of interlibrary loans is to make available for re
search and for serious study library materials not in a given li
brary, with due provisions made by the lending library for the rights of 
its clientele. 

Interlibrary loan service is a courtesy and a privilege, not a right, 
and is dependent upon the cooperation of many libraries. . . . The 
interlibrary loan service should be restricted (especially when 
borrowing from large research libraries) to requests that cannot 
be filled by any other means. 

It is assumed that the borrowing library will carefully screen all 
applications for loans and that it will reject those which do not 
conform to the Code. 

When libraries loan original documents to other 
libraries, the cost of processing (except postage) is as
sumed by the lending library. Today, however, many 
libraries "loan" only nonreturnable photocopies, for 
which they charge from 5 to 50 cents a page. This charge 
is intended to pay the direct expenses of photocopying, 
but the other costs of the service are not covered. The 
costs of billing and bookkeeping may, in themselves, 
exceed the revenue from photocopy charges. If each li
brary borrowed as many documents as it loaned, the 
result could be described as a type of barter arrangement. 

VOLUMES 
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However, as has been pointed out, big borrowers are 
not usually big lenders. 

Both big lenders and big borrowers spend significant 
sums. The former bear the basic costs of making loans 
of either original documents or photocopies, and the 
latter pay a mounting bill for photocopies as the practice 
of loaning original documents declines, as it has in recent 
years. The borrowing library can, and does in some 
instances, pass photocopy charges on to the scientist 
when department or other research funds are available; 
but again, bookkeeping costs may exceed the revenue. 
The increasing financial burden on heavy borrowers 
probably explains, in part, the marked increase in 
demands on NLM (7); though a library can usually 
obtain loans faster from other local-level libraries in its 
vicinity, NLM does not charge for photocopies. 

Cost of the System 

Very few libraries have the type of cost accounting 
required to determine the true cost of borrowing or 
lending documents to other libraries; however, the 
consensus seems to be that it costs most local libraries 
about $2.00 to borrow a document and the same amount 
to lend one, making the cost of a complete interlibrary 
loan transaction $4.00." On the basis of our estimates, 
the total cost of maintaining the flow of biomedical 
documents among libraries, therefore, exceeds $2 million 
annually at present. 

The cost of interlibrary loans is, of course, only part 
of the total cost of operating the national biomedical 
library system and maintaining its varied services to 
the research community. Statistics on the cost of main
taining U.S. biomedical libraries are few and conflict-
ing.18 For college and university libraries in general, 
however, the annual cost per volume averages out at 
around $1.00 (10). Using this average, in the early 
1960's when there were 12,240,000 volumes in the 
principal biomedical collections (Table 1), the annual 
cost of maintaining U.S. biomedical libraries can be 
estimated as over $12 million. This cost, of course, covers 
services other than document retrieval, and most of 
these libraries also serve populations other than the 
biomedical research community. 

Performance 

From the user's viewpoint, the performance of the 
system in retrieving documents can be assessed in simple 
terms: what proportion of his requests for documents 
can be filled, and how quickly? The resources of the 
entire system can meet practically all his requests for 
journal and book material. The time required to fill his 

17 Libraries that handle a large volume of transactions may have 
ower unit costs. Although the published budgets of NLM do not 
permit one to calculate directly the unit cost for its loan service, 

uaPpears to fall somewhere between $1.00 and $2.00 per loan, 
fi ^ual budgets of 72 U.S. medical school libraries in 

902-1963 totaled more than $6 million (5). The average operat-
hA Cost Per volume for medical school libraries is somewhat 
bJL? 111311 for academic libraries in general. Similar statistics, 
me °n broad samples, arc not available for other types of 10 

cal libraries. 

request, however, varies with the resources and location 
of his local library, and with the nature and age of the 
document he desires. Any library's performance in 
document retrieval may be judged by what percentage 
of the requests of its clientele can be met: a) with'in 
minutes (own collection), b) in one to three days (loans 
from immediate vicinity), c) in three days to two weeks 
(loans from more distant libraries or NLM), d) longer 
than two weeks (items difficult to locate, e.g., theses, 
historical material, etc.), and e) never. Such objective 
performance figures, which facilitate comparisons, would 
seem to be essential for meaningful assessment of this 
library service and for establishing minimal standards. 
Unfortunately, to our knowledge, data of this type are 
not available for a single library. 

The total time required to fill a scientist's request by 
interlibrary loan depends upon four variables: a) the 
time required by a scientist's local library to process the 
request, including locating a lender that is likely to have 
the document and sending out the request; b) the time 
required by the lender to process the request and send 
out the desired document; c) the transit times between 
the borrower and lender for both the request and the 
document; and d) the time required by the borrowing 
library to process the incoming document and to notify 
the scientist or deliver the document to him. For the 
Medical Library of Wayne State University (Detroit), 
the total time required to fill a scientist's request for 
documents (other than those difficult to borrow) breaks 
down as shown in Table 4. 

Geography materially influences transit times. Li
braries located in or near large metropolitan centers 
with many biomedical library resources (e.g., New York, 
Chicago, Boston, and Philadelphia) have a number of 
sources from which they can obtain loans quickly. Air
mail is used infrequently for both requests and docu
ments; hence libraries in the Western states are at a 
significant disadvantage, especially with regard to NLM 
loans. It can be seen that using telephone or teletype 
routinely to make requests would not, for the majority 
of libraries, reduce the total time for document delivery 
by more than two days (the transit time for mail request). 

TABLE 4. Time required for interlibrary loan transactions of 
Medical Library, Wayne State University School of Medicine 

Avg. No. 
Days for 

Loans from 
Within City* 

Avg. No. 
Days for 

Loans from 
Outside City 

Processing request for loan Vz I 

Lender processing I 8 
Transit times (to and from lender) I 4 
Processing incoming document and noti K 1 

fying scientist 
Totals 3 

* Informal arrangements with other libraries in Detroit and 
telephone calls speed processing operations within both the 
borrowing and lending libraries. Use of telephone and messen
gers for delivering requests and documents, rather than mail, 
reduces transit times. 
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Capacity of Present System 

In the past decade the system has accommodated a 
large increase in traffic. If the ratio of borrowing from 
NLM to all borrowing has remained constant, the total 
flow of documents increased some 80% over the three-
year period 1958—1961 (see increase in NLM loans, 
Table 2). During the same period, the increase in loans 
by the six local-level libraries on which we have statistics 
averaged 68%, with the largest lender (College of 
Physicians and Surgeons of Philadelphia Library) show
ing a 130% increase (Table 3). Signs of overload are, 
however, accumulating and indicate that the system's 
capacity is being strained. 

As the volume of requests for loans increased, many 
libraries found that lending original documents (par
ticularly bound journals) to other libraries affected 
their ability to meet the needs of their own clientele 
and restricted their loans to photocopies only. Of the 
291 libraries old enough to be listed in both the 1943 
edition of the Union List of Serials and the 1961 volume of 
New Serial Titles, almost half (135) no longer lend jour
nals as original documents.19 Borrowers try to avoid the 
expense of purchasing photocopies; and when one major 
lender restricts its loans in this way the load shifts to 
other lenders in the system, with the effect of accelerat
ing the trend toward restricting loans to photocopies. 

This trend, in turn, initiated another vicious cycle. 
Requests for photocopies mounted until the size of the 
photocopying operation jeopardized other services in 
some libraries, which then decided either to stop supply
ing even photocopies or to organize the operation and 
attempt to make it pay for itself by increasing charges 
for photocopies. The expense of billing and accounting, 
previously discussed, complicated the problem of making 
the charges adequate without being prohibitive. 

On the borrowing end, mounting expenses for the 
purchase of photocopies strained already inadequate 
budgets and aggravated the chronic and serious financial 
plight of biomedical libraries.20 Some libraries attempted 
to pass these costs on to the user; but, for the reasons 
mentioned earlier, the net benefit was generally disap
pointing. Others, faced with the prospect of curtailing 
purchases of journals and books in order to pay photo
copy charges, concentrated on using the most economical 
sources for loans, even if this meant delays in filling users' 
requests because distant libraries had to be used, e.g., 
NLM. 

The snowball effect of these actions by lenders and 
borrowers is obvious. Present evidence suggests the dis
turbing picture of a diminishing number of lenders, each 
providing a greater and greater proportion of a steadily 
increasing demand. Current signs of overload would seem 
to indicate that the system, as presently operated and 
financed, has about reached its maximum capacity for 
interlibrary loans.21 

12 NLM, in September 1957, restricted its loans of original 
documents for somewhat different reasons and instituted its 
present policy of furnishing photocopies to libraries without charge. 

20 The difficult problems of medical library support have been 
discussed recently by Adams (1). 

Probable Demands in ig6g 

Much of the increase in interlibrary document flow 
during the past decade has resulted from the growth of 
biomedical research manpower. This population has 
grown more rapidly than the others served by biomedical 
libraries (e.g., health-science practitioners and students) 
and also needs a greater number and variety of docu
ments. The fact that reference retrieval services have 
improved significantly in recent years (8) has undoubt
edly also increased the demand on the system. Scientists 
requests for documents are influenced by how much they 
know about the existence of documents relevant to theii 
work, i.e., by the effectiveness of the methods and services 
they use for reference retrieval. 

When in full operation, the MEDLARS program will 
result in a change in biomedical reference retrieval 
services that may be likened to a quantum jump. Not 
only will the coverage of Index Medicus be increased from 
the present 2,200 journals to 3,500 in 1965 (12), but 
books will also be added to its coverage (5,000 annually 
by 1965). This general reference retrieval "tool" will be 
supplemented by many specialized tools and services, 
including monthly bibliographies tailored for special 
interest groups, and on-demand searches by computer of 
all articles and books indexed after January 1, 1963. If 
the need exists, copies of NLM's magnetic-tape filqs will 
be made available for use on other computers. In addi
tion to the MEDLARS program, by 1965 other impor
tant new reference retrieval services, currently getting 
underway or being planned, will undoubtedly be fully 
available to the biomedical community, e.g., citation 
indexes. 

An indication of the impact all these new and im
proved services can have on the system for delivering 
documents is provided by an unpublished study by one 
of the present authors. An experimental bibliographic 
tool listing all the journal articles indexed by NLM that 
were likely to be of interest to those working in cerebro
vascular research was tested on a group of such research 
workers. This tool represented a prototype of the 50 
monthly bibliographies MEDLARS can produce when 
it is in full operation. The test group consisted of leading 
investigators, who could be assumed to be knowledgea
ble, by present standards, about current work in their 
areas of special interest. Despite the fact that the articles 
listed in this bibliography during the test period were on 
the average at least six months old, the typical investiga
tor found that over 80% were "new" to him.22 When 
specialized reference retrieval tools similar to this experi
mental bibliography, but more current, become widely 
available, if scientists request from their local libraries 
any significant fraction of the articles that will be selected 
from 3,500 journals and called directly to their attention 

21 The implications of increasing dependence on the national-
level component, NLM, which also has a limited capacity, are 
discussed later. 

22 This percentage relates to only those references that he judged, 
basis of their titles, to be relevant to his own work, but 

which had not previously come to his attention. Most of these 
new ' references represented articles in foreign languages. 
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(12), the demand on the national biomedical library 
system for document retrieval will increase sharply. 

New and improved reference services will result not 
only in a marked increase in the demand for documents 
but also in qualitative changes in this demand. Many 
requests are likely to be for articles from the more obscure 
journals, those received by relatively few libraries. In 
1962-1963, the average medical school library "held" 
1,200 serials (5). Other than NLM, not more than three 
biomedical libraries currently receive as many as 2,200 
journals. A large gap exists, therefore, between the 3,500 
journals to be covered by the MEDLARS system and 
the resources of local biomedical libraries. 

The effect of new and improved reference retrieval 
services, superimposed upon the already rapid growth 
of demand, could double the demand for interlibrary 
loans in the space of two or three years. A total load on 
the system of over one million transactions annually is a 
reasonable estimate for 1965. The capacity of the system, 
as presently operated and financed, is inadequate to 
handle such a load. Unless this capacity is increased 
rapidly, in the near future biomedical scientists may find 
themselves with the means to retrieve references to almost 
all the documents in the world literature pertinent to 
their work; but if they cannot readily obtain the docu
ments referred to, they may well consider themselves 
worse off than before. 

Possible Ways to Increase the Capacity of the System 

In thinking about how the present system might be 
changed to accommodate the loads that can be expected 
in the next decade and, at the same time, to improve 
document delivery services for biomedical scientists, 
three major alternatives suggest themselves. First, NLM's 
capacity might be increased to the point where it could, 
if necessary, handle the entire demand for interlibrary 
loans. At the current rate of increase in requests to NLM 
for photocopy loans, the full capacity of its present 
equipment will be reached by the end of 1964 (7). NLM 
studies have indicated that major increases in capacity 
cannot be achieved without a major design and develop
ment program that would cost at least $3 million. Even 
with this outlay, solutions to the problems that have been 
identified cannot be guaranteed (7). If NLM becomes 
the source for most or all loans, the average time needed 
or scientists to obtain documents not held by their local 
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libraries could increase significantly (see Table 4) unless 
the increase in transit times were offset. Consideration 
of this alternative should include the possibility that it 
may entail the development of an electronic network for 
transmitting both requests and documents. NLM re
cently concluded, at least tentatively: "The high-cost 
demand systems such as the present NLM interlibrary 
loan photocopy operation, operating as a single cen
tralized national service, cannot supply the needs of all 
researchers and clinicians with promptness and efficiency. 
The real answer lies in expansion of local and regional 
resources" (7). A second alternative is that certain large 
libraries might be designated as regional interlibrary 
loan centers and subsidized to provide service for their 
respective regions. If the regions to be served by such a 
center were small enough to allow quick loans by mail, 
the collection of the largest existing library in some 
regions would have to be greatly enlarged before it could 
meet regional demands.23 This alternative can be con
sidered as equivalent to developing * number of smaller 
versions of NLM. Third, the collections of biomedical 
libraries might be developed to the point where they 
approach self-sufficiency and would have little need for 
interlibrary loans. A fourth possibility, of course, is an 
approach combining features of all three. 

To evaluate the relative merits of these alternatives 
is beyond the scope of the present inquiry. Each of these 
possible courses of action would require expenditures 
that are large by present standards of support for library 
services, and each would require considerable time. 
Vhich of the alternatives would be most effective and 

efficient can be determined only by a systematic and 
detailed study." If such a study were begun at once, it is 
unlikely that the course of action selected could be fully 
implemented in less than three years. While long-term 
programs are being developed and implemented, in view 
of the inherent instability of the present system, the 
known limitations on NLM's capacity, and the proba
bility of a rapid increase in demand within the next few 
years, it would seem prudent to provide short-term 
insurance against the possibility of a breakdown in the 
flow of documents among libraries. A modest program 
to subsidize the interlibrary loan services of biomedical 
libraries could serve this purpose. 

23 Biomedical library resources are distributed unevenly on a 
geographical basis. This distribution is shown in the appendix 
(see footnote 7). 
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Reference retrieval tools: biomedical abstracting and indexing services. 
Federation Proc. 23(5): 1164-1176, 1964.—The primary objectives 
of this study were: 1) to analyze the general functions of abstract-
ing-indexing services; 2) to describe quantitatively the operations, 
products, and performance of services useful to biomedical re
search workers; and 3) to identify the problems associated with 
maintaining and improving the performance of U.S. services 
covering biomedical literature. Scientists use the bibliographic 
tools produced by these services for three general purposes: 1) 
alerting, 2) searching, and 3) informing. The criteria by which a 
service's performance is judged differ for each of these use-functions, 
and compromises are necessary when a single tool must serve more 
than one purpose. In the past decade, mounting document loads, 
processing costs, and personnel shortages, coupled with demands 
for increased performance, have resulted in four major trends in 
U.S. services: increased mechanization, more single-purpose 
bibliographic tools, increasingly narrow specialization in subject 
scope, and more cooperation among services. Three hundred 
twenty-six foreign and 147 U.S. services process biomedical litera
ture. Altogether these services process almost two million docu
ments yearly; but all these documents are not biomedical, and 
this figure includes many biomedical documents processed by more 
than one service. In the past 10 years, the combined output of 
the larger U.S. services has increased much more rapidly than the 
biomedical literature has grown. The present study assessed the 
coverage by English-language services of a large sample of the 
documents currently being produced by U.S. biomedical research 
workers. Of the 891 journals in which the sample documents were 
published, all but 39 (96%) were "covered" by one or more of 
six major services: Index Medicus (IM), Chemical Abstracts (CA), 
Biological Abstracts (BA), Excerpta Medica (EM), Bibliography oj 
Agriculture, and Psychological Abstracts (PA). Duplication of coverage 
was considerable; the sample journals were, on the average, covered 
by three of the six services. IM covered 66% of these journals and 
processed 87% of the sample documents; however, because of the 
selective policies of CA, BA, EM, and PA, it is likely that a signifi
cant percentage of the sample documents were not abstracted by 
any of these major services. Abstracting and indexing services 
useful to biomedical scientists have improved significantly in the 

1 This work was supported, in part, by Public Health Service 
Contract PH 43-62-167, of the Division of Research Grants, Na
tional Institutes of Health. 

2 This author's participation was supported by Public Health 
Service Grant GM 09166, from the National Institute of General 
Medical Sciences. > 
P 3 Formerly, Institute for Advancement of Medical Communica
tion; present address: National Institute of Mental Health, 
Bethesda, Maryland. 

past 10 years with regard to completeness of coverage; however, 
with rising unit costs and the demand for better performance, 
closer cooperation among the services and coordination of their 
efforts are imperative. 

T wo TYPES OF FORMAL SERVICES have been organized 
to help a scientist identify the particular documents in 
the accumulated scientific record that are relevant to 
his work and interests, or that contain the answers to 
his questions. By using such services, he can find or 
retrieve references to those documents most likely to 

reward his effort in obtaining and reading them. The 
first type of reference retrieval service offers a personal
ized product," tailored specifically for his own proj
ects, interests, and questions—sometimes ever; for his 
personal habits, values, and preferences. Libraries and 
local information services of institutions engaged in 
research have always provided this kind of service to 
the extent allowed by personnel and budget limitations, 
e g-, by preparing subject bibliographies on request, or 
by automatically calling a scientist's attention to docu
ments that relate specifically to his work and known 
interests. Recently there has been considerable interest 
in centralized versions of this type of service—national 
and international "information centers" specializing in 
narrow subject-matter areas and offering similarly 
personalized products to any scientist eligible for their 
services, regardless of his location. The second type of 
reference retrieval service concentrates on producing 
reference retrieval "tools" that can be used by the scien-

himself to find references to documents that will 
meet his varied needs. Multiple copies of these biblio-
dienlu t 0T K a r e d l S t n b U t ed periodically to the service's 

entele Libraries and local information services may 
provide this second type of service also, e.g., by distribut-
mg a the tltles of new documents, or abstracts of 

first^ype of service.at'°n ^ P6™' with the 
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these documents, to the scientific staff of an institution. 
Reference retrieval tools distributed on a national or 
international basis are the products of services that may 
be referred to generically as abstracting-indexing serv
ices. A substantial part of the total effort devoted to 
helping scientists with their "literature problems" has 
gone into the latter services. 

The focus of the present study was abstracting-index
ing services, specifically those covering biomedical liter
ature. Our principal objectives were: /) to analyze the 
general functions of these services for the research 
community and for individual scientists; 2) to describe 
quantitatively their operations, products, and per
formance; and 3) to identify the problems of maintaining 
and improving their performance. This paper briefly 
reviews these functions, presents data on biomedical 
abstracting-indexing services, and suggests the nature 
and magnitude of some of the problems. 

For the purpose of this study, we defined abstracting-
indexing services broadly as any formal service issuing, 
for public use, i.e., available to the entire scientific 
community,5 and on a continuing basis, bibliographic 
guides to the scientific literature consisting of one or 
more of the following: /) lists of titles of documents 
published elsewhere, 2) abstracts or digests of these 
documents, and 3) indexes to these documents. These 
tools may be distributed as: 1) a serial publication, 2) 
a set of cards or separate sheets, or 3) a special section in 
a scientific periodical devoted primarily to other types 
of material (original articles, reviews, etc.). All abstract
ing-indexing services must, of course, include in their 
product the titles of documents (articles, books, patents, 
etc.); and simple or classified lists of document titles 
are the sole product of some, i.e., the "title-listing" 
services. Others provide abstracts of the documents, 
with or without a subject index. Still others produce 
indexes but not abstracts ("indexing-only" services). 
An abstracting-indexing service may concentrate on one 
particular form of literature, e.g., journals, books, 
technical reports, or patents. In this study we were 
concerned primarily with services that handle journal 
literature. 

METHODS 

As a first step, we reviewed published and unpublished 
studies and statements relating to the functions of ab
stracting-indexing services, the philosophies and policies 
°f operating services, the performance of services, and 
coordination among services. Data on services processing 
documents considered to be biomedical by conventional 
definitions were extracted from the most recent and 
authoritative source on abstracting-indexing services 

science and technology (12). Since we found no re
cent data on how well the major services used by U.S. 
scientists are covering the biomedical literature of specia 
'Merest to research workers, we undertook to find out. 

' This definition excludes services available only to the staff of 
lnstitution or company, or to members of an organization. 

Some operational definition of what constitutes bio
medical literature is required for any attempt to measure 
quantitatively how completely or inclusively a given 
service, or combination of services, covers this universe 
of documents. For our assessment of current coverage, 
we defined the biomedical literature as all documents 
generated by research similar to that supported by 
NIH. As a sample of this universe we used the documents 
cited in NIH Research Grants Index, Fiscal Year 1962 as 
resulting from work supported by NIH grants. 

These sample documents were published in several 
forms of literature, e.g., journals, monographs, pro
ceedings volumes, etc.; but journals accounted for about 
90 % of the documents cited (16) and these documents 
were selected for analyzing abstracting-indexing cover
age. The final sample consisted of 14,275 documents in 
891 different journals. Only periodicals issued more often 
than once annually were considered as journals. The 
methods used for establishing frequency of publication 
and for reducing errors caused by treating variants of a 
given journal's name as separate journals are given in 
the appendix to this paper.6 Since some of the documents 
cited in the Grants Index were abstracts of oral reports 
submitted for (or given at) meetings and printed in 
journals, we will use the general term "documents" 
rather than "articles" in referring to the sample items. 

Each journal containing sample documents was then 
checked in a 1962 compilation of the journals covered 
by each of 12 major U.S. abstracting services (13) and 
also against 1962 or 1963 lists of the journals covered 
by the following individual services: Index Medicus, 
Biological Abstracts, Excerpta Medica, Psychological Ab
stracts, and Chemical Abstracts.1 Excerpta Medica was 
included in this part of the study since it is the major 
foreign service in English that offers a broad coverage 
of the biomedical field. 

GENERAL REVIEW OF FUNCTIONS, 
OPERATIONS, AND TRENDS 

Functions of Abstracting-indexing Services 

The basic functions of abstracting-indexing services 
may be described in terms of the uses scientists make of 
the bibliographic tools produced by these services or 
from the viewpoint of the objectives the services set for 
themselves. In most respects, these alternative viewpoints 

s A copy of the appendix can be borrowed from the National 
Library of Medicine by initiating an interlibrary loan request for: 
Appendix to Orr, Richard H., Vern M. Pings, and Alice A. Leeds. 
Reference retrieval tools: biomedical abstracting and indexing 
services. Federation Proc. 23: 1164-1176, 1964. 

7 Biological Abstracts 1963 List of Serials, Biological Abstracts 
AQ- 3 July 1963; Chemical Abstracts List of Periodicals with Key to 
Library Files 1961, Washington, D.C.: American Chemical Society, 
1062- and 1962 Supplement to the 1961 Chemical Abstracts List of 
Periodicals, Washington, D.C.: American Chemical Society, 

6Q- List of Journals Indexed in Index Medicus, Index Medicus 
(1 Pt 1): LJI 39, Jan. 1963; Psychological Abstracts List of 

Journals, Psychological Abstracts 36(6): 859, Dec. 1962. 



FEDERATION PROCEEDINGS Volume 23 

merely depict opposite sides of the same coin; however, 
there are subtle but important differences. 

For obtaining references to documents of interest, 
scientists employ these -tools for two major purposes: 
to alert themselves to the existence of all new documents 
relevant to their work, and to identify those documents 
in the accumulated scientific record that relate to a 
specific subject or contain answers to their questions 
about specific information or data. Services that provide 
abstracts are used in a third way: to obtain needed 
information without consulting the original document 
when a) the original is inaccessible or is in an unfamiliar 
language, b) the subject is of peripheral interest and the 
abs t rac t  suf f ices  for  keeping  broadly  in formed,  and  c)  
the abstract itself contains the specific information or 
data sought. When used as in (c) abstracts are not 
serving for reference retrieval but, rather, as condensed, 
convenient substitutes that can be read and consulted 
as sources of information in lieu of the original docu
ments. These three major use-functions may be called 
1) alerting, 2) searching, and 3) informing. 

These uses are often combined. For example, when a 
chemist wants a quick reference to a method for syn
thesizing a compound, he may use Chemical Abstracts 
first for searching and then consult the abstract for the 
necessary details. As part of a scientist's efforts to keep 
abreast of scientific progress, he may use an abstracting 
service for alerting himself to new documents he will 
obtain and read later, and simultaneously for informing 
himself on subjects of peripheral interest. The latter 
activity is sometimes called "browsing." 

The aim of all abstracting-indexing services is to 
produce bibliographic tools to serve one or more of 
these three uses, but their specific objectives are better 
described in terms of the functions they perform for the 
scientific community: 1) announcement, i.e., making known 
the existence or availability of new documents; 2) con
trol, organizing the scientific record so that it will be 
possible to find a desired document or group of related 
documents; and 3) condensation, digesting original docu
ments and extracting useful information. 

User Studies 

There have been many arguments about the relative 
importance of the three functions of abstracting-indexing 
services and of criteria for judging performance. More 
studies have probably been devoted to establishing 
scientists' habits, preferences, and needs with regard to 
these bibliographic tools than to any other aspect of 
scientific communication except scientists' use of journals. 
All these studies, however, have not settled such con
tinuing arguments as whether indicative or informative 
abstracts are "better,"8 and whether abstracts or indexes 
are "more important." 

To answer these and similar questions requires that 
they be phrased meaningfully by specifying a) for what 
function or use, b) for what types of information, and 
c) for which scientists. Although many such studies 
are of limited value because these requirements were 
not met, or because they were biased by parochial 
interests, a few provide quantitative information that is 
generalizable, if interpreted cautiously. One reason 
for caution is that information-service personnel, and 
others who help scientists meet their informational 
needs, are infrequently included in otherwise excellent 
studies. Even academic scientists often have some help 
from librarians, secretaries, graduate students, and 
technicians, hence, when only the direct uses of these 
services by scientists are assessed, one may get a false 
impression of how often and for what purposes they are 
employed. It is doubtful that available data on fre
quency of use give a reliable indication of total direct 
and indirect use. Studies that attempted to assess 
scientists' satisfaction with a given service are difficult 
to evaluate since they rarely include a "control" service 
for comparison; they commonly come up with the same 
result regardless of which service and scientist popula
tion is studied, namely, that about 80% of the users 
are "reasonably well" satisfied. 

Despite these numerous qualifications, the collective 
findings have led to some understanding of the uses of 
abstracting-indexing services. A detailed review of 
user studies is beyond the scope of this paper; however, 
two studies of biomedical populations should be men
tioned specifically because they emphasize aspects that 
are often forgotten: Herner's, which demonstrated that 
U.S. biomedical scientists are considerably more de
pendent upon abstracting-indexing tools for learning of 
foreign literature than for domestic literature (9) and 
the survey by Glass, which should have settled the still 
continuing argument as to whether scientists use ab
stracts as substitutes for the original documents (7).9 

Performance Criteria 

The quality and utility of abstracting-indexing serv
ices depends upon how well they fulfill certain criteria. 
The general findings of user studies regarding major 
criteria on which the performance of these services 
may be judged are summarized in Table 1, according 
to the function to be served, and roughly in order of 
importance for the given function. Each of these criteria 
provide a basis for objective measurement and for com
paring services. 

The criteria listed for alerting and for informing are 
obvious; with the possible exception of "novelty," which 
has not commonly been recognized as important in 
determining the value of an alerting tool, though it 

8 To serve alerting or searching functions, an abstract need only 
describe the original document well enough to allow the user to 
judge whether it will be worth his effort to obtain and read it. 
Such an abstract has been called "indicative." For the informing 

function, a mere description of the document will not suffice; a. 
informative abstract is required. 

8 This study of Biological Abstracts found that "perhaps 20-25? 
of the total use of abstracts is in substitution for the original arti 
cles, which presumably are those difficult to obtain." 
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TABLE 1. Performance criteria for abs trading-indexing services 
For announccment-alcrting: 

Currency—speed in processing new documents 
Convenience—size, arrangement, periodicity, etc., suited to user 
Novelty—proportion of contents unlikely to have come to 

users' attention by other means 
Inclusiveness or exclusiveness—either inclusion of all documents 

related to designated subject, or exclusion of documents not 
meeting some quality criterion 

Specialization—subject scope matches that of users' interests 
For control-searching: 

Continuity—unbroken coverage of old as well as new literature, 
stability 

Inclusiveness 
Breadth oj subject scope 
Richness and depth oj indexing—indexing from multiple points 

of view and at multiple levels of specificity 
Consistency—uniformity of quality and form of abstracts or 

index entries 
Currency 

For condensation-informing: 
Understandability—without recourse to original document or 

familiarity with jargon 
Injormatioeness—presenting the most useful information con

tained in the original document 
Readability—clear expository style, format, and typography 

I 
/ 

I 
I 

I 
I 

I 

Wo FULFILLMENT OF CRITERION 100% 

no. 1. Economics of abstracting-indexing. 

should be obvious that calling scientists' attention to 
documents about which they already know serves little 
purpose. Some of the criteria for searching may require 
explanation. If a scientist (or someone assisting him) 
desires to find all useful documents on a given subject, 
the coverage of the service should extend back into time 
far enough that he can be reasonably certain any earlier 
documents would not be useful. Inclusiveness not only 
increases the probability of finding all relevant references 
but also the likelihood that a search disclosing no refer
ences means no relevant documents exist. Even when 
the purpose is not to make an exhaustive search, but 
merely to obtain a complete citation for a specific docu
ment known to exist, inclusiveness is important. Other 
things being equal, the broader the subject scope of a 
service, the less need there is for using additional tools 
ln making a search. Each user approaches a bibho-
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graphic tool with his own terminology and viewpoint; 
when the service provides rich and deep indexes he is 
much more likely to find what he is seeking and to 
miss fewer pertinent references. 

Services that attempt to perform more than one func
tion are often forced to compromise when criteria con
flict. For example, a service producing a bibliographic 
tool intended both for alerting and for searching the 
literature faces serious problems. The extensive process
ing needed to meet certain of the requirements for the 
searching function (inclusiveness, richness and depth of 
indexing, and consistency) tends to reduce promptness 
of announcement, hence to decrease the tool's value for 
alerting scientists to new documents. If a service attempts 
both announcement and condensation, all of the criteria 
for the latter conflict with currency. Different criteria 
may conflict, even when only one function is to be 
served. Some examples of such inherently competitive 
requirements are: convenience of use vs. inclusiveness, 
currency vs. inclusiveness or exclusiveness, and breadth 
of coverage vs. inclusiveness. All of these conflicts call 
for compromises in addition to those necessitated by 
economics and availability of qualified personnel. 

Economics 

The unit cost of processing a document varies widely 
from one abstracting-indexing service to another and 
depends on many factors, including the proportion of 
volunteer to paid personnel, currency, inclusiveness, 
depth and richness of indexing, quality standards, and 
form of dissemination. A general economic law for such 
services seems to be that cost rises exponentially as efforts 
are made to fulfill more completely any of the perform
ance criteria. Figure 1 illustrates this principle, which is 
a special case of the "law of diminishing returns." With 
finite limitations on funds and manpower available to a 
service, it is apparent that compromises and "trade
offs" are inevitable. 

A general average of $10 per document processed 
(either abstracted or indexed or both) seems to be a 
reasonable estimate of unit costs, at least for the major 
U.S. services.10 Some of the smaller, specialized services 
are known to have costs as high as $30 to $50 per docu
ment. Unit processing costs have doubled in the past 12 
years (8). 

Sponsors and Support 

The traditional sponsors of abstracting-indexing serv
ices are scientific societies. Organizations representing 
the classic, broad disciplinary groupings, e.g., chemistry, 
physics, biology, etc., are responsible for the largest 
U.S. abstracting services. Organizations of applied 
scientists, e.g., engineers and medical practitioners, also 

10 Eighteen U.S. services, with budgets totaling $7 million 
accounted for one-third of the two million documents processed 
in 1961 by 288 U.S. services in all scientific fields (8), making the 
average cost about $10 per document. 
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maintain major abstracting and indexing services. In 
the past, most U.S. abstracting services were supported 
entirely by subscriptions and society membership dues; 
however, some of the major services have been forced 
to increase their subscription rates progressively, and 
recently signs have appeared that further increases are 
not likely to produce additional revenue (9). The present 
trend is toward increasing federal support, direct and 
indirect, of the major private, nonprofit services. 

Commercial interests supply a number of important 
services that are financed by subscriptions or advertising, 
e.g., the Agricultural Index and Current Contents of Chemical, 
Pharmaco-Medical and Life Sciences. National governments 
maintain some of the broadest services, e.g., the all-
embracing services of the U.S.S.R., and in this country, 
Index Medicus and the Bibliography of Agriculture. More 
recently, increasing numbers of private and govern
mental agencies that support research programs have 
established specialized abstracting-indexing services 
intended to further their specific missions, e.g., the 
American Heart Association (abstract section of the 
journal Circulation), Atomic Energy Commission (Nu
clear Science Abstracts), and the National Institute of 
Mental Health (Psychopharmacology Abstracts). 

Approaches 

Sponsoring organizations' approaches to their services 
may be characterized along two major axes—"orienta
tion" and abstracting "philosophy." With regard to 
orientation, services have been classified as discipline- or 
profession-oriented vs. mission- or problem-oriented. 
The broad, discipline-oriented services (e.g., Chemical 
Abstracts and Biological Abstracts) have generally tended 
to emphasize the long-term responsibility of establishing 
and maintaining bibliographic control of the scientific 
record for future as well as present scientists. They 
generally give priority to the performance criteria 
associated with this aspect of the control function. 
Mission-oriented services, and many of the specialized 
profession-oriented services, such as the abstract sec
tions in journals devoted to medical specialties and 
Psychopharmacology Abstracts, more commonly stress the 
function of announcement and the short-term responsi
bility of controling current scientific literature to facili
tate its contemporary use. 

With regard to abstracting philosophy, the contrasting 
approaches favor either the "slanted" abstract or the 
"balanced" abstract. Most services claim their product 
is slanted or specially tailored for a specific population 
of users, i.e., the abstracts are written employing a special 
viewpoint and language, or are designed to extract 
selectively certain types of information from the docu
ment. Services advocating the balanced abstract attempt 
to produce an abstract useful to the broadest possible 
audience by condensing the document while maintaining 
its general balance. The success of the major disciplinary 
services in slanting their abstracts is not notable in 
practice (10, 18); however, some services for applied 

scientists have demonstrated the feasibility of producing 
abstracts that are distinctly and consistently slanted, 
e.g., Modern Medicine. 

Trends 

In the past decade, mounting document loads, process
ing costs, and shortages of qualified personnel, coupled 
with demands by scientists and research sponsors for 
increased performance by all criteria, have resulted in 
many changes in the traditional methods and products 
of abstracting-indexing services. This ferment has been 
accelerated by the availability of federal funds and of a 
new technology ready for exploitation. Four major 
trends are apparent. 

Mechanization. Data processing equipment is being used 
increasingly, particularly by services handling large 
loads of documents, for the clerical operations entailed 
in preparing the published products, e.g., the use of a 
computer for filing, sorting, error correction, and page-
layout operations in the production of Index Medicus (23). 
Not only has data processing equipment affected the 
conventional products of these services, but it also has 
made possible some new products that supplement the 
old, e.g., quickly prepared, index-like arrangements of 
document titles, such as Biological Abstracts' Subjects In 
Context (B.A.S.I.C.) (4) to supplement Biological Ab
stracts, and Chemical Titles (3) to supplement Chemical 
Abstracts. Composition and printing of abstracting-
indexing periodicals are also being progressively mech
anized ; the most advanced example of such mechaniza
tion at present is the printing of Index Medicus from filmed 
pages produced without human intervention by a photo
composition machine driven by computer (23). 

Single-purpose tools. In the past, the major services 
produced tools that had to serve multiple use-functions, 
e.g., Chemical Abstracts was a major tool for alerting, 
searching, and informing, as was Biological Abstracts. The 
inevitable price of any multipurpose tool was compro
mising on the performance of any one function. The cur
rent trend seems to be toward producing single-purpose 
tools requiring fewer compromises, particularly for 
alerting, where currency is vital. One example of such a 
tool is Current Contents of Chemical, Pharmaco-Medical 
and Life Sciences, a title-listing service that reproduces 
the tables of contents of journals directly from page 
proofs and thereby approaches maximal currency. 
Another is Chemical Titles, a product designed almost 
exclusively for alerting, whereas, Chemical Abstracts 
better serves searching and informing functions. 

Specialization. The subject scope covered by many of 
the newer services is specialized to match the interests 
common to relatively small groups of scientists (in some 
cases a few hundred) who are working in narrow re
search fields, e.g., Cancer Immunology Abstracts. Some of 
the large services (e.g., Biological Abstracts and Chemical 
Abstracts) are offering the option of subscribing to only 
one (or a few) of the multiple sections of their major 
product. The Medical Literature Analysis and Retrieval 
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System (MEDLARS) of the National Library of Medi
cine (NLM) will carry this trend further by supplying 
periodically to numerous groups11 of biomedical workers 
printed indexes of documents relevant to each group's 
interests that have been selected from all the documents 
processed for Index Medicus. Progressively narrower 
specialization for smaller and smaller groups on the 
basis of their research problems, however, tends to be 
self-defeating in that the interests of individuals in the 
group are seldom confined completely to those common 
to the group. This means that the more specialized the 
tool is, the smaller the fraction of the individual's total 
subject interests it covers. For the individual there comes 
a point when the necessity for using increasing numbers 
of specialized tools to serve his needs outweighs their 
advantage over broader tools. 

A different approach to specialization of bibliographic 
tools is being tried in at least one pharmaceutical com
pany (6), as well as in other industrial research settings. 
Here the total output of major services is sifted by com
puter, and a personalized bibliographic tool is provided 
to each individual at frequent intervals. The selection of 
documents is based on a profile of his particular interests 
and preferences, which is modified continuously accord
ing to his expressed wishes and to his reactions to the 
references previously provided by the personalized 
service. This type of tool can be produced from the 
output of the major services with minimal need for the 
highly qualified information service personnel previously 
required for personalized service and is economically 
feasible because it lends itself to optimal use of computer 
capacity. This approach, which certainly better accom
modates the individual scientist, may prove more 
economical in the long run than the problem-oriented 
approach to specialization of bibliographic tools for 
groups of scientists. NLM plans to make available 
multiple copies of the master magnetic tapes produced 
for Index Medicus (19). In the hands of institutional 
libraries and other local information services, these 
could be used to prepare regularly a personalized 
bibliographic tool for each biomedical scientist on the 
staff. 

Cooperation among services. Recent years have seen the 
beginning of national and international cooperation 
among abstracting-indexing services that may result in 
substantial work sharing. The savings that might be 
realized by work sharing was one of the major reasons 
for the formation in 1958 of the National Federation of 
Science Abstracting and Indexing Services (NFSAIS) 
(8)1 which now includes some 20 major nonprofit 
services, private and governmental; the i960 agreement 
between Biological Abstracts and Chemical Abstracts to 
exchange up to 3,000 abstracts annually (1) is one tangi
ble result. 

In the past the demand for specialized tools that cut 
across the coverages of several of the discipline-oriented 

. 11 MEDLARS is designed to produce up to 50 recurrent special
ized bibliographic listings updated at intervals of from one week 
10 months (23). 

services has often resulted in the creation of a new service 
processing over again the same documents already being 
processed one or more times by existing services. If the 
performance desired for the specialized tool is greatly 
different from that of existing services already processing 
the relevant documents, establishing a new, independent 
service may be justified. However, in many cases the 
specialized tool might have been produced at considera
bly lower cost by "repackaging" relevant portions of the 
output of existing services, if any mechanism for drawing 
upon the pooled output of established services existed. 
Other potential advantages of repackaging rather than 
recreating includes reducing competition for the short 
supply of trained information service personnel and 
providing additional revenue for the cooperating serv
ices, thus speeding their general improvement. In 1963, 
a study sponsored by NFSAIS, recommended the 
establishment of such a mechanism and suggested one 
form it might take (9). 

Progress toward work sharing and pooling output, 
however, has been slow. One of the general conclusions 
of the report cited above states: "There is much duplica
tion of effort among many services in their production 
operations. An orderly plan for increasing joint action is 
greatly needed. There is too little cooperation at present, 
and few plans are being made in this direction." 

DATA AND DISCUSSION 

Number of "Biomedical" Services 

At present there are more than 1,800 abstracting-
indexing services for science and technology (12). About 
470 of these process literature that is, at least in part, 
biomedical by conventional definitions; 326 are pub
lished in foreign countries. Table 2 summarizes the 
foreign biomedical services by country. A considerable 
number of these services are in English. U.S. services 
of interest to the biomedical community number 147. 
The appendix to this paper (see footnote 6) contains 
lists of these foreign and U.S. services and the form and 
volume of their outputs. 

Total Output 

The combined annual output of the world's biomedical 
services exceeds 1,200,000 abstracts. In addition, almost 
700,000 documents are processed annually by services 
that list the titles of documents or index them, but do 
not provide abstracts. Foreign services account for 
roughly two-thirds of the total output of abstracts and 
one-third of the documents processed by title-listing 
or indexing-only services. The total of almost two million 
documents processed is misleading as an indication of 
the annual volume of new biomedical documents, since 
some of the largest services process great numbers of 
documents that fall outside the conventional definitions 
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TABLE 2. Output of foreign biomedical abstracting 
and indexing services by country 

Country No. Services 
No. Printed 
as Section 
of Journal 

Output 
(No. of documents 

processed/year) 
Country No. Services 

No. Printed 
as Section 
of Journal 

Abstracted Listed or 
indexed* 

Argentina 6 4 1,2IO 4,000 
Austria 7 6 2,850 3,000 
Belgium 3 3 1,100 

Brazil 4 3 9°° 1,000 
Bulgaria 2 9,400 
Canada 1 1 500 
China 5 1 15.5°° 
Czechoslovakia '3 6 16,140 59,000 
Denmark 4 1 1,700 

1,5°° 

England 27 9 62,850 17,300 
Finland 2 1 800 100 
France 38 3° 134,220 7,600 
Germany 60 37 l65,IOO 

0
 

m
 

C
O

 

Hungary 3 1 I ,000 16,900 

India 3 3 I ,400 

Italy 42 37 14,45° 62,800 

Japan 15 8 38,170 18,400 

Netherlands 27 3 82,400 

Poland 10 10 4,120 

Portugal 1 1 1,000 

Romania 8 3 9,340 
Scotland 3 2 6,000 4,400 
Spain 5 3 1,30° 5,500 
Sweden 2 2 400 2,000 

Switzerland 6 4 2,300 12,000 

USSR 21 5 222,120 15,000 

Yugoslavia 8 6 7,070 
Totals 326 190 803,340 242,35° 

* The number of documents processed by title listing or in 
dexing but not abstracted. Data source: ref. 12. 

of biomedical, and many of the documents are processed 
by more than one service. 

U.S. services. The majority of U.S. services (also of 
foreign services) are small12 and are oriented toward 
particular diseases, problems, or professional specialties. 
Over half are published as a section in a journal devoted 
mainly to other types of documents (original articles, 
reviews, etc.). These smaller services serve primarily 
alerting and informing functions. U.S. services that 
process more than 10,000 documents per year and pro
vide abstracts or indexes are shown in Table 3. The 
combined output of the four larger abstracting services 
(only 5% of the total number of U.S. abstracting serv
ices) constitutes three-quarters of all abstracts (approxi
mately 400,000 in 1962) produced in the United States 
by services covering biomedical literature. The pre
dominance of the larger indexing services is even more 
marked; in 1962, these seven services accounted for 
over 90 % of the roughly 450,000 documents processed 
by title listing or indexing only. 

12 The average U.S. service processes approximately 6,000 
documents annually; for foreign services this average is about 
3,200. If the larger U.S. services, which are shown in Table 3, 
are excluded, the average for the remaining services is only 1,300. 
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TABLE 3. U.S. abstracting-indexing services covering 
biomedical journal literature and processing 
more than 10,000 documents annually 

Approx. No. Documents Processed/Yr. 

1952 1962 % Increase 

Provide Abstracts 
165,000 Chemical Abstracts 55,000 165,000 200 

Biological Abstracts 37,400 100,000 170 
Nuclear Science Abstracts 6,800 33,ooo 39° 
Psychological Abstracts 7,3°o 10,000 37 

Totals 106,500 308,000 190 

Provide Indexes Only 
Index Medicus 96,000 145,000 5' 
Bibliography of Agriculture 96,000 100,000 4 
Index Chemicus t 
Chemical Titles • 75,ooo 
Agricultural Index t 40,000 
Biochemical Title Index * 24,000 
Hospital Literature Index t 18,000 

Title-listing services, i.e., those that do not provide abstracts 
or subject indexes, are not included here. A document processed 
is one that is abstracted or indexed. All figures are rounded to 
the nearest thousand. * These services did not exist in 1952. 
t This service provides graphic "abstracts" of the synthesis of 
about 100,000 new chemical compounds annually and indexes 
these compounds; the number of documents processed is less 
than the number of compounds listed. J Data not obtained 
for this year. 

Data sources for ig52 figures—Chemical Abstracts: read from 
graph in Crane, E. J. Proceedings of the Chemical Society, Dec. 
•957, P- 3351 Biological Abstracts: personal communication from 
Phyllis V. Parkinson, Staff of Biological Abstracts, Oct. 14, 1963; 
Nuclear Science Abstracts: the abstracts in the 1952 issues were 
counted; Psychological Abstracts: personal communication from 
Mrs. Betty Galloway, Editorial Office, American Psychological 
Association, Oct. 10, 1963; Index Medicus: estimated from count 
of every 10th page of Current List of Medical Literature (predeces
sor of Index Medicus); Bibliography of Agriculture: personal com
munication from Mr. L. Lulitch, Division of Indexing and Docu
mentation, National Agricultural Library. Data source for igS2 
figures ref. 12. The figures given in this source were the latest 
available to the compilers during the latter part of 1962. 

Total Cost of U.S. Services 

After making a rough allowance for the numbers of. 
nonbiomedical documents processed by such services 
as Chemical Abstracts, Nuclear Science Abstracts, and Bibliog
raphy of Agriculture, one is left with about 200,000 ab
stracts and 200,000 documents processed by indexing 
only as the current processing load of U.S. services. At 
an average unit cost of $10, the total cost of processing 
biomedical documents can be conservatively estimated 
as $4 million annually. This estimate does not include 
the costs of the extensive intramural services of some 
pharmaceutical companies. If the annual output of 
biomedical literature grows at the same rate as it did 
in the past 10 years, i.e., about 20% in 10 years (16), 
the annual cost of abstracting and indexing this litera
ture in 1972 may be expected to approach $8 million.13 

13 This estimate assumes that the cost of document processing 
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Inclusiveness of Major Services in English 

, Present assessment. The growth of some of the larger 
services over the past 10 years (Table 3) is impressive. 
The combined output of the larger abstracting services 
alone has increased more rapidly in the past 10 years 

' (190%) than even the commonly quoted, but seldom 
supported, estimates of the increase in the volume of all 
scientific literature or of biomedical literature.14 The 
number of documents processed by indexing services 
has increased even more sharply. In addition, of all 
present U.S. services, large and small, about 40% 
were started since 1952. Unless the amount of over
lapping coverage among the services has increased 
greatly, these facts indicate that U.S. services are now 
covering a greater proportion of all biomedical litera
ture than they did a decade ago. For Index Medicus, 
one can be more specific. In 1957, its predecessor (Cur
rent List of Medical Literature) indexed about one-half of 
the 220,000 substantive biomedical articles produced in 
the world that year (2). If the most recent estimate is 
reliable, the annual volume of biomedical articles 
increased about 20% during the period 1950-1960 
(16); whereas, the number of articles processed by Index 
Medicus rose 51 % in the same period. This represents a 
substantial gain in the inclusiveness of this key biblio
graphic tool. 

For establishing the way in which the literature 
generated by, and of special interest to, biomedical 
scientists is currently being handled by the major English-
language abstracting-indexing services, our procedure 
and sample (see "Methods" section) have limitations 
that affect the conclusions that can be drawn from the 
data we obtained. 

First, using lists of the journals "covered" by the 
services to assess what proportion of the sample docu
ments were processed by each service and by the services 
collectively introduces a large element of uncertainty. 
Of the 13 services included in the present assessment, 
only Index Medicus processes all the substantive articles 
in any journal it covers." The other services cover 
selectively some or all of the journals in which sample 
documents were published, i.e., they process (abstract 
or lndex) only those articles falling within their respec-
tlve spheres of interest. For example, Biological Abstracts 
covers clinically oriented journals selectively and proc-
f(s/|es or>ly the articles considered to be of interest to 

asic' scientists, while Nuclear Science Abstracts selects 
1 ose articles relating to radioisotopes, nuclear energy, 

n°l 'ncrcasc more rapidly than in the recent past. No allow-
e)(Ce. as been made for any improvement in the performance of 

1 mg services nor for any new services. 
Estimates of a doubling every 10 years (100% increase) are 

WW frequently heard. 
for w 1S statCmcnt has a few exceptions that are not important 
anii StUdy, cg> Index Medicus covers only the biomedical 
0,. Ces 'n such general journals as Science and Nature. Certain 
inTh J°urnals, largely in peripheral fields are covered selectively 
g(v 

on'y those articles selected for the Bibliography of Medical 
these"* afe liStCd lndex Medlcas- however, in the present study, 

Journals were counted as not covered. 
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etc. For the selective services, therefore, the proportion 
of the sample documents processed can be given only as 
a theoretical upper limit set by the number of sample 
documents in the journals they cover. One can only 
estimate what fraction of this number they actually 
processed. The magnitude of the difference between the 
theoretical and actual figures was noted by the Welch 
Medical Library study (11). For this reason, and the 
one that follows, we will not report the coverage of the 
sample in terms of percentage of sample documents 
except in those cases where the uncertainty is relatively 
small. 

Second, a significant number of the sample documents 
(about 20 %) were not journal articles, but rather ab
stracts of oral reports given at meetings.16 The major 
services do not ordinarily process the abstracts of oral 
reports printed in journals they, cover.17 

Third, restricting the sample to documents in journals 
results in some overestimation of the inclusiveness of 
abstracting-indexing services, since the other forms of 
literature generated by biomedical scientists, e.g., 
proceedings volumes, are known to be less well covered 
than journals. However, as about 90 % of all documents 
cited in the sample source appeared in journals, this 
overestimation cannot exceed 10%. 

Fourth, although NIH grantees as a group quite fre
quently publish in journals of countries other than the 
United States,18 foreign journals are underrepresented in 
the sample as compared to a random sample of the 
document output of all biomedical scientists.19 Since 
U.S. abstracting-indexing services undoubtedly cover 
U.S. literature more completely than foreign, this sample 
bias also leads to some overestimation of the inclusive
ness of these services if one attempts to generalize the 
findings to all the world's literature. 

Table 4 shows how 13 major abstracting-indexing 
services processed the sample of biomedical journal 
literature used in this study. These services are ranked 
by the number of sample journals they cover. If these 
data are interpreted with an appreciation of their 
limitations, they provide a useful general picture of the 
relative contributions by each of the larger U.S. services 
and by Excerpta Medica. Since the sample documents 
were distributed unevenly among the sample journals,20 

and some services could be expected to process a higher 
proportion of the sample documents in the journals 

16 The composition of the sample is given elsewhere (16). 
17 For particular meetings, there are exceptions to this general 

rule, e.g., Biological Abstracts and Chemical Abstracts process at 
least some of the abstracts of oral reports published in Federation 
Proceedings. 

is Of all the sample documents, 18.5% appeared in foreign 
journals. This surprisingly high percentage is explained, in part, 
by NIH grants to workers abroad and by the fact that foreign 
investigators working in the United States under NIH grants 
sometimes publish in the journals of their native countries. 

19 In 1957, about one-quarter of all biomedical journal articles 
were in U.S. journals (2). 

20 Federation Proceedings contained 1,064 sample documents; 
286 journals contained only one sample document each. 
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they covered than others, the rank order shown would 
be somewhat different if it were based on actual counts 
of the sample documents processed by each of the serv
ices. Index Medicus would rank first on this basis. 

Journals covered by Index Medicus (IM) contained 
87% of the documents in the sample. Because of IM's 
coverage policy, one can be reasonably certain that this 
service actually processed close to this percentage of the 
journal articles in the sample. 

The sample journals not processed by IM can be 
broadly categorized as follows: biological sciences, 28%; 
chemistry, 16%; psychology or social sciences, 12%; 
dentistry, 7 %;21 paramedical specialties, 5%; medicine, 
7 %; and the remaining 27 % were primarily engineering, 
technologic, or general science journals. The chemical 
journals contained the largest number of sample docu
ments (659). Less than one-half of these journals (con
taining 8 % of the sample documents) were listed in Bio
medical Serials, iggo-ig6o, and can therefore be con
sidered to be biomedical by the conventional definition. 

All but 39 of the journals not covered by IM were 
covered by Chemical Abstracts (CA), Biological Abstracts 
(BA), Excerpta Medica (EM), Bibliography of Agriculture 
(BAg), or Psychological Abstracts (PA). A rough analysis 
indicates that most probably at least two-thirds of the 
sample articles in journals not covered by IM were 
processed by one or more of these services. When these 
articles are added to those processed by IM, one can 
reasonably conclude that a minimum of 96 % of all 
journal articles in the sample were covered by at least 
one of these six services. The remaining seven services 
shown in Table 4 did not add much to the inclusiveness 
achieved by the combination of IM, CA, BA, EM, BAg, 
and PA; they covered only four journals that were not 
covered by any of the latter services, and these journals 
contained only one sample document each. 

Although the relative contributions of the listed serv
ices toward inclusive coverage are not strictly propor
tional to the percentage of the sample journals they 
covered, the first six services qualify to be considered 
the major contributors. One of these, BAg, is not usually 
thought of as a major service for biomedical research 
workers. How these six major contributors processed the 
sample journals is summarized in Table 5. The 112 
journals covered by only one of the six services contained 
3 % of the documents in the sample; whereas the 33 
journals covered by all six services contained 19%. 
Sample journals not covered by any of the six services 
contained less than 1 % of the sample documents; but, 
for the reasons given before, the percentage of sample 
articles actually processed cannot be said to exceed 
96 % with reasonable certainty. 

Table 6 summarizes the coverage afforded by the 
four of these six services that provide abstracts. Although 
78 journals not covered by any of the four abstracting 

21 These 21 dental journals were, ELS a group, relatively poorly 
covered by the services shown in Table 4; however, all but one 
are covered by the Index to Dental Literature (lists of journals covered 
supplied by American Dental Association, Dec. 30, 1963). 

services contained 308 (2 %) of the sample documents, 
because of the selective policies of these services, one 
cannot safely conclude that close to 98% of all sample 
articles were abstracted by at least one of them. The 

TABLE 4. Coverage by major abstracting-indexing services of 
sample of document output of U.S. biomedical research 

Services 
No. Sample 

Journals 
Covered 

Journals 
in Sample 

Chemical Abstracts 624 (23) 70 
Index Medicus 589 (34) 66 
Biological Abstracts 55° ('3) 62 
Excerpta Medica 5H (7) 59 
Bibliography of Agriculture 270 (5) 30 
Psychological Abstracts 176 (12) 20 
Nuclear Science Abstracts 68 (0) 8 
Mathematical Reviews 34 (0) 4 
Review of Metal Literature 32 (0) 4 
Applied Mechanics Reviews 3' to) 3 
Engineering Index 29 (1) 3 
Meteorological and Geoastrophysical Ab 23 (0) 3 

stracts 
International Aerospace Abstracts 12 (0) 1 

Covered by above services collectively 856 96 
Covered by none of above services 35 4 

Totals 891 too 

Sample consists of 14,275 documents cited in NIH Research 
Grants Index, Fiscal Year 1962. These documents were published 
in 891 different journals. "Covered" is a term used by abstract-
ing-indexing services to mean that they process (i.e., abstract, 
index, or list by title) at least some of the documents in a given 
journal. Title-listing services arc not included here. The figures 
in parentheses represent the number of journals processed by 
only this 1 of the 13 services listed, i.e., the "unique" coverage 
of sample journals by the given service. 

TABLE 5. Overlapping coverage of sample of document 
output of U.S. biomedical research by six major 
abstr acting-indexing services 

No. Services Covering Sample Journal 

All 6 services 
Some 5 of the 
Some 4 of the 
Some 3 of the 
Some 2 of the 
Only 1 of the 
None of the 6 

Totals 

6 services 
6 services 
6 services 
6 services 
6 services 
services 

No. Sample Jour
nals So Covered 

% All Sample 
Journals 

33 4 
122 '4 
2I4 24 
2'5 24 
'56 "7 
• 12 '3 
39 4 

891 100 

Sample consists of 14,275 documents cited in NIH Reseat, 
Grants Index, Fiscal Year 1962. These documents were publishc 
m ^ r erent journals. The six abstracting-indexing servio 
"T, Medicus, Chemical Abstracts, Biological Abstracts, E 
cerpta Medica, Bibliography of Agriculture, and Psychological A 
S  T a C \ S  A L.n /lumker sample journals covered, these servio 
Iff) 6 jf, CSt amon8 the abstracting-indexing services studiei 

overe is a term used by abstracting-indexing services 1 
mean that they process (i.e., abstract, index, or list by title) 1 
east some of die documents in a given journal. How varioi 

com inations o specific services covered the sample is indicate 
in the appendix (see footnote 6). 
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TABLE 6 Overlapping coverage of sample of document 
output of U.S. biomedical research by four major 
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abstracting services 

No. Services Covering Sample Journal No. Sample Jour
nals So Covered % All Sample 

Journals 

All 4 services 
Some 3 of the 4 services 
Some 2 of the 4 services 
Only 1 of the 4 services 
None of the 4 services 

Totals 

76 
292 
249 
196 

78 
891 

9 
33 
28 
22 
9 

100 

r , r J  B -  ,  „  uu<-umc«is Cltea m JxIH Research 
rants Index, Fiscal Year 1962. These documents were published 

in 891 different journals. The four abstracting services are: 
Chemical Abstracts, Biological Abstracts, Excerpta Medico, and 
Psychological Abstracts. These services ranked highest in number 
of sample journals covered. "Covered" is a term used by ab-
s t r a c t i n g - m d e x i n g  s e r v i c e s  t o  m e a n  t h a t  t h e y  p r o c e s s  f i e  
abstract, index, or list by title) at least some of the documents 
in a given journal. 

true figure is undoubtedly considerably lower. From the 
present data alone, no meaningful lower limit can be 
placed on the percentage of sample articles that were 
actually abstracted by these abstracting services. 

If the sample had included all documents cited in the 
Grants Index, rather than only those identified as appear
ing in journals, the figure of 96 % previously given as the 
best estimate of the inclusiveness of combined coverage 
by the 13 services most likely would be reduced bv Der-
haps 6 or 7 %.22 

The appendix to this paper (see footnote 6) contains 
separate lists of the journals a) not covered by any of the 
13 abstracting-indexing services shown in Table 4, b) 
not covered by IM, c) not covered by any of the six 
services analyzed in Table 5, and d) not covered by any 
of four abstracting services included in Table 6; in 
addition, the frequencies with which combinations of 
services processed the same journal are given. 

Comparison with other studies. A 1961 study (15) of the 
coverage of cardiovascular, endocrine, and psycho-
pharmacologic literature, in which each abstracting-
indexing service was searched for every paper in the 
sample of literature studied,23 found that the best 
coverage of the sample papers by any one abstracting 
service was 43 % (EM), and that BA, CA, EM, and PA, 
collectively, had abstracted only about 70 % of the sam
ple papers that were 1-4 years old. The inclusiveness 
of the Current List of Medical Literature (the predecessor 
of IM), however, was found to be about the same (87 % 
of the sample papers) as in the present study. The 
authors concluded: "A worker in the problem-oriented 
fields of medical research studied will probably find that 
none of the standard abstracting services adequately 

22 Although 10% of the documents cited in this source were not 
in journals, about one-half of these nonjournal documents were in 
proceeding volumes, some of which were covered by these services. 

The sample consisted of 240 published papers resulting from 
oral reports at selected, major U.S. meetings for research workers 
in these fields. 

covers his field and, although a combination of three or 
four of these services will give him satisfactory coverage, 
it is hardly practical, lacking completely current sub
ject indexes to these services, for a researcher to scan 
them all to alert him to relevant work. At present, the 
Index Medicus is probably one of the better tools for this 
purpose." 

It is probable that the actual coverage by abstracting 
services of journal articles in the sample used for the 
present assessment was somewhat greater than the 70% 
established by this earlier study, but it was most likely 
closer to 70 % than to 98 %.2i 

Duplicate Processing 

Present assessment. The sample journals covered by any 
of the six services in Table 5 were covered, on the aver
age, by 3.2 different services. When only the four ab
stracting services are considered (Table 6), the cor
responding figure on duplicate coverage is 2.3 services 
processing each journal. Another indication of the high 
frequency with which these journals were processed by 
more than one of the services studied is given by the 
figures in Table 4 for unique coverage. 

From the present data no reliable estimate can be 
made concerning total duplication of processing on a 
document basis. 

Comparison with other studies. The Welch Medical 
Library study in the early 1950's also showed marked 
overlapping of coverage and concluded: 

As has been pointed out for the five major services 
[BA, CA, EM, PA, and the Current List of Medical Litera
tureJ there is a great amount of overlapping and duplica
tion among them. This is even more accentuated when 
we take into account all the services, and beyond these 
the great number of other journals that publish abstracts 
as a regular feature. A tremendous amount of time and 
effort is being expended on keeping up with the litera
ture. It would seem that a great deal of it is wasteful. 
There is certainly a great need for more coordination of 
effort and publication and particularly among the major 
services." 

The 1961 study previously cited found that, of all 
abstracts of sample papers produced by BA, CA, EM, 
and PA, 40 % were for papers abstracted by more than 
one of the four services. Figure 2, which is reproduced 
from the cited study, depicts graphically the extent of 
duplicate processing of articles. 

A recent study (8) concludes that the world's scientific 
journals are being covered, on the average, nearly four 
times by U.S. abstracting and indexing services. 

Significance of duplicate processing. Processing of a given 
journal or a given article by more than one service does 
not necessarily constitute wasteful duplication since 

24 Two reasons dictate this conclusion. First, the earlier study 
included papers published in proceedings volumes, a form of 
publication not as well covered as journals. Second, the coverage 

the^arlkr study. ^ und°ubtedlV -P™ved since 
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services have different users and may be designed for 
different functions. However, it does represent an oppor
tunity to save time, cost, and manpower by cooperative 
arrangements to minimize unnecessary duplication of 
processing operations. 

Currency 

No attempt was made in the present study to determine 
the interval between the time the sample documents 
were published and when they appeared in the various 
services. Data from the previously cited 1961 study (15) 
are given in Fig. 3. The processing times shown here 
are based on papers published between 1957 and i960, 
almost all of which were in U.S. publications. U.S. 
abstracting and indexing services are expected to be 
slower in processing articles in foreign languages; how
ever, a 1963 study of mental health literature, which 
carefully sampled the world's literature,25 found the 
following median figures for time lag between journal 
publication and abstracting-indexing coverage: IM, 
4 months; EM, 12; BA, 8; and PA, 15 (unpublished 
study performed for the National Institute of Mental 
Health). With the reservation that one study used 
averages and the other medians, some comparisons may 
be made between these two studies of literature samples 
that differed in age by 2-4 years. The intervals for 
EM and PA in 1963 are remarkably similar to those 
shown for psychopharmacologic papers in Fig. 3. The 
decrease in ZL4's processing time may indicate an im
provement in the last few years, and the decrease in the 
figure for IM as compared to that for Current List of 
Medical Literature in Fig. 3 may also be significant. 

Whereas a processing time of 3-4 months is a reasona
ble goal for the large services, and one that is currently 
being approximated by IM and CA, services that process 
smaller numbers of articles can achieve greater currency, 
e.g., 8 weeks for the Hospital Literature Index (previously 
cited unpublished study of mental health literature). 

Coordination of Effort 

Horizontal coordination. The trend toward more co
operation among abstracting-indexing services was 
discussed earlier. From the viewpoint of the scientific 
community, however, something more is needed than 
simple bilateral or multilateral arrangements among 
services if gaps in the coverage of the world's scientific 
literature are to be filled, increasing document loads 
handled, and the level of performance materially im
proved in all fields of science. With complete laissez 
faire it appears highly unlikely that these goals can be 
achieved in a reasonable time with an acceptable 
expenditure of resources. More than money is involved, 
since some of the processing operations of these services 
require a high level of scientific training;26 and any 

25 About 70^ of the sample documents were in English. 
26 All abstracting and indexing is not performed by individuals 

trained to the level usually implied by the term "scientist," but 

FIG. 2. Coverage of research papers by abstracting publica
tion. Reproduced from rcf. 15. 
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FIG. 3. Interval between publication and appearance in ab
stracting-indexing service. Reproduced from rcf. 15. C — cardio
vascular papers; E = endocrine papers; P =• psychopharmacology 
papers. The average time lag (months) is given in the boxes. 
The horizontal bars give the range of variation. 

duplication of effort that represents unnecessary use of 
scientific manpower cannot be justified. The choice 
seems to be between some mechanism to assure coordi
nation of the efforts of the present independent services 
or a centralized service for ail of science similar to that 
established by the U.S.S.R. (25). 

The question of centralization vs. pluralism has been 
decided, at least for the moment, in favor of the latter; 
but it is not dead (22,24). The National Science Founda
tion has been charged with exercising "leadership" to 
see that the necessary coordination of both federal and 
private efforts is achieved (Title IX of the National 

abstracting services (e.g., BA and CA) depend largely on ab-
s ac ors with graduate training in science, and the current effort 
o improve the quality of indexes is resulting in a steady increase 
u e e\ e of scientific competence required of indexcrs. In view 
o present and anticipated processing loads, the aggregate use of 
scienu c manpower assumes significant proportions, particularly 
that required for abstracting. There is general agreement that 

paring a good abstract usually requires one-half hour or more. 



September-October ig6j REFERENCE RETRIEVAL TOOLS 

Defense Education Act of 1958 as applied by Executive 
Order 10807, dated March 13, 1959). Two reports 
sponsored by the Office of Science and Technology 
(17, 20) have recommended a number of actions in
tended to improve coordination of services controlled 
directly and indirectly by federal agencies. 

In addition to the coordination that may be achieved 
by carrying out systematic plans for filling gaps and 
minimizing duplicate processing of marginal utility, 
mechanisms to facilitate serial rather than parallel 
processing of the same documents by different reference 
retrieval services can make important contributions 
toward improved performance. The plans for 
MEDLARS provide for a mechanism of this type. 
NLM could perform the initial processing of the world's 
biomedical literature and refer to the appropriate 
specialized services for further processing all documents 
relating to their respective subject coverages (19). If 
this kind of serial coordination can be realized in prac
tice, the large, broad services could act as "wholesalers" 
supplying more specialized "retail" services. 

Vertical coordination. Some progress has also been made 
toward a basically different type of coordination that 
may be called "vertical" to distinguish it from the 
horizontal coordination of reference retrieval services 
as a group. Vertical coordination between the activities 
publishing scientific literature and the services engaged 
in producing bibliographic tools has potential advan
tages that have only begun to be exploited in the bio
medical field. For more than 10 years, various national 
and international assemblages and organizations27 have 
been urging that at least part of the intellectual work 
required to maintain abstracting services should be 
performed when documents are published, and that 
"source" abstracts, prepared by authors and carefully 
edited, be made available to abstracting-indexing 
services, preferably by publishing these abstracts as 
part of the original documents. 

For technical report literature, this type of vertical 
coordination is being effected by specifying in research 
and development contracts that author abstracts be 
furnished (21). For journal literature, progress, although 
slow, has been encouraging in all major fields except the 
biological sciences.28 In the United States at least, the 
lag of the biological sciences in adopting the practice 
of source or author abstracting may be attributable to 
the fact that publication in biology and the biomedical 
disciplines is not as centralized as in chemistry and 
physics, where single organizations (American Institute 
of Physics and American Chemical Society) publish 

27 For example, the Royal Society Scientific Information Con
ference in 1948, the UNESCO Information Conference on Science 
Abstracting of 1949, and continuing bodies, such as the Interna
tional Council of Scientific Unions Abstracting Board, the Federa
tion Internationale de Documentation, and the Conference of 
Biological Editors (United States). 

28 In 1959, 59% of U.S. "basic-science" journals in chemistry 
carried author abstracts for some or all articles'; whereas, for 
biological journals, the corresponding figure was 35% (14). 

"75 

many of the "core" research journals and are in a strong 
position to influence publication practices. 

More recently, the next logical step in decentralizing 
some of the work of abstracting-indexing has begun. The 
Engineers Joint Council has decided that journals of its 
member societies (which include most U.S. engineering 
societies) would publish with each article, in addition 
to an abstract, appropriate indexing terms selected by 
authors and editors (5). In the biomedical field, the 
American Journal of Physiology instituted a similar policy 
in 1963. 

Requirements for Cooperation and Coordination 

In addition to the numerous economic and political 
problems inherent to the kind of division of labor re
quired for close cooperation and effective coordination 
of effort, many practical details must be worked out to 
insure exchangeability of the respective products of 
abstracting-indexing services, e.g., standardized methods 
of abbreviating journal titles, compatible indexing 
terminology, etc. If the full potential of modern tech
nology is to be realized, even such seeming minutiae as 
the punctuation in citations need to be standardized. 
Resolving these problems and details entails changes in 
long-established practices that will require painful com
promises and the giving up of some cherished ideas. It 
is unrealistic to expect that these compromises can be 
effected unless the motivations are of overriding strength. 
To the present, motivations of such potency seem to be 
lacking. Perhaps the main reason is that neither a com
mon goal nor an over-all action plan has been formu
lated by joint deliberations of the three interested 
parties—the services, the scientific community, and 
research sponsors. Only when a clear and specific 
consensus has been reached will it be possible to develop 
systematic policies to provide the practical incentives 
required to override, when necessary, the established 
practices and the parochial interests of each of the parties 
to the agreement. 

CONCLUSIONS 

/) In the last 10 years the services processing bio
medical literature, as it is conventionally defined, have 
materially improved the inclusiveness of their collective 
coverage; however, important gaps probably remain in 
abstracting coverage. 

2 )  The literature generated and used by scientists 
engaged in health-related research includes significant 
amounts of material falling outside the conventional 
definition of biomedical literature; this development 
means that a larger number of basic bibliographic tools 
must be available to, and used by, this research popula
tion. 

3 )  The demand for new mission-oriented biblio
graphic services cutting across the coverages of the large 
discipline-oriented services provides unrealized oppor-
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tunities for strengthening the fetter type of service, upon 
which long-term bibliographic control of the scientific 
record depends, and for achieving important savings 
in money and scientific manpower. 

4 )  The trends toward mechanization and specialized 
bibliographic tools will probably culminate in personal
ized services tailored to meet an individual scientist's 
needs for learning about the existence of new documents 
relevant to his work. 

5) Author abstracting and indexing offers great 
promise for alleviating some of the current problems, 
but biomedical journals have been inordinately slow 
in adopting this practice. 

6 )  If the advantages of our present pluralistic system 
are to be preserved while its over-all performance is 
being improved materially, better coordination of effort 
among abstracting-indexing services and between these 
services and the generators of new documents is re

quired; the available resources will be inadequate to 
meet the challenge unless the present duplication of 
effort is reduced systematically. 

7) A clear goal, specific plans for action, and strength
ened incentives are required before such horizontal 
and vertical coordination can be achieved, these pre
requisites can be developed only by joint decisions of 
the abstracting-indexing services, the scientific com
munity, and the sponsors of research. 

The authors thank the numerous individuals in several institu
tions who assisted in this study. Of these, the following made 
material contributions: in reducing and analyzing data, Andrew 
M. Sherrington, B.M. (Oxon.), Research Fellow (Grant HTS 
5414, National Institutes of Health), Institute for Advancement 
of Medical Communication; in verifying serial titles and periodic
ity, James L. Olsen, Jr., Librarian, National Academy of Sciences-
National Research Council, and Mildred K. Heatwole and Doro
thea S. Hutson, Research Associates, Institute for Advancement 
of Medical Communication. 
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On page 1307, in footnote 21, the f irst  word on the second 
l ine,  three-quarters should be one-half„ 

In the abstract ,  page 1310, the date in l ine 14 should be 1951. 
rather than 1950. On page 1312, the date in the last  line~"aF"~ 
text  4n  the right-hand column should be 1950, rather than 1951, 
The footnote to Table 1 (page 1313) should read l ike the two 
sentences enclosed in the following brackets:  [Derived by us 
by examining the founding date given for each serial  l isted in 
the source,  and counting only the serials exist ing in 1951, 
For 115 serials,  the founding date was given as "19—and for 
72 as "195-";  these serials are not included in the f igure for 
1951 but are included in the 1960 f igure if  the serial  was al ive 
then,]  The f irst  l ine of text  in the right-hand column, page 
1313, should read as indicated within the following brackets:  
[The period 1951-60 was at  most 7 = 3%,Hi/  Although, in the].  
The number in the fourth l ine of the right-hand column, page 
1313, should be 43,  rather than 38,  The second and third l ines 
of footnote 10 on the same page should read as indicated within 
the following brackets:  [founding dates (a total  of 187),  were 
founded in 1950 or earl ier ,  the percentage increase for the 
period would be only 3,8%-] In the last  l ine of the legend to 
Fig'  4,  page 1328, the f irst  date should be 1951, rather than 
19S0, — 



Reprinted from FEDERATION PROCEEDINGS 
Vol. 23, No. 6, November-December, 1964 

Printed in U.S.A. 

Generation of information: 
published output of U.S. biomedical research1 

RICHARD H. ORR,2 GREGORY ABDIAN,3 

AND ALICE A. LEEDS4 

Institute for Advancement of Medical Communication and 
Federation of American Societies for Experimental Biology, 
Bethesda, Maryland 

ORR, RICHARD H., GREGORY ABDIAN, AND ALICE A. LEEDS. 
Generation of information: published output of U.S. biomedical 
research. Federation Proc. 23: 1297-1309, 1964-—The aim of 
this study was to determine quantitative relations between the 
magnitude of the U.S. biomedical research effort and the 
volume of published documents it generates. Statistics on the 
funds, manpower, and organization of this research effort over 
the past two decades were compared with data on the number 
of documents that could be attributed directly to work sup
ported by the major sources of research funds. The document 
output of U.S. research was also assessed indirectly by collect
ing and analyzing data on the publication habits of biomedical 
scientists. During the period 1957 to 1961, the ratio of the num
ber of papers generated each year by the extramural program 
of the National Institutes of Health to the number of research 
grants active two years earlier was relatively constant. In con
trast, the ratio of research expenditures to document output in 
this and other major programs increased steadily. Serial data 
on the publication habits of biomedical scientists in specific 
institutions show that, as individuals, they are writing neither 
more nor less papers now than previously; but a steady, gen
eral trend toward multiple authorship suggests tentatively that 
the over-all ratio of the number of papers published annually 
by these populations to the number of scientists may be de
creasing. The total document output of U.S. biomedical re
search in i960 is estimated at 26,000 papers, or about half the 
total number of U.S. biomedical papers published in that year. 
Over the past decade, document output has increased at 
roughly the same rate as research manpower and approxi
mately one-half as rapidly as total research expenditures. 
These findings have implications for the users of biomedical 
literature, for the information services that must handle the 
document output of biomedical research, and for those con
cerned with the development of the national research effort. 

1 This work was supported in part by Public Health Service 
Contract PH 43-62-167 of the Division of Research Grants with the 
National Academy of Sciences-National Research Council. 

2 This author's participation was supported by Public Health 
Service Grant GM-09166 from the National Institute of General 
Medical Sciences. 

3 Present address: Defense Documentation Center, Washington, 
D.C. 

4 Formerly, Institute for Advancement of Medical Communica
tion; present address: National Institute of Mental Health, 
Bethesda, Md. 

INFORMATION is both a major nutrient and a primary 
end-product of research and development. The infor
mation utilized by biomedical scientists can be con
sidered as "input" to the research effort, and that 
resulting from their work as "output." Although develop
ment projects may have other kinds of output—a new 
or improved product, process, or service, e.g., a better 
drug or improved diagnostic equipment—new infor
mation is the only immediate result of basic research. 

Presumably, the most significant information resulting 
from the biomedical research effort is published. This 
portion of the total information output constitutes a 
sample that lends itself to objective measurement. For a 
definitive assessment of the research effort based on such 
a sample of its output, quality as well as quantity must 
be measured. Pending development of practical and 
generally accepted techniques for measuring the over-all 
quality of the published information generated by bio
medical research, however, simple quantitative measures 
have some interest. By comparing data on published 
output with statistics on the magnitude of the biomedical 
research effort, the gross relations between effort and 
result may be studied. 

Knowledge of these quantitative relations can also 
help in understanding and meeting current and future 
problems associated with the communication of scientific 
information within the biomedical community. The 
mounting volume of new biomedical literature is fre
quently blamed for most of the difficulties biomedical 
scientists experience in obtaining the information input 
they need to work effectively and efficiently. Undoubt
edly this volume is a major cause of the problems faced 
by "middlemen" in the flow of documents from genera
tors to users—publishers, editors, abstractors, librarians, 
etc. Despite the acknowledged importance of volume, 
however, little is known about the factors determining 
the rate at which new documents are produced. 

This study was undertaken to explore the quantita
tive relations between the biomedical research effort 
and its document output. Our approach was; 1) to 
describe the past, present, and projected effort in terms 
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of manpower, funds, and organization; 2) to identify 

rl for which document outputs could be readi y 
ll^ed -a counted. Therefore, the study was 

L to ,he U.S. research effort. This paper summa-
Sstr findings, estimate, the total U.S. output, and 
suggests questions that warrant further study. 

METHODS AND SOURCES 
Statistics on the U.S. research effort have improved 

, in recent years. Nevertheless, no single source 

have 
Sw deficiencies are lack of statistics on 

research suPP°^xi Ythere are troublesome differences 

S the definitions and methods used for different statis
tical compilations and for different periods, these differ
ences often make available figures unsuitable for esta 

statistics on total governmental and private support or 

earlier (s ^ support). Therefore, we used the older 
Scs on funds when serial changes were of primary 

intAftfr collecting and comparing statistics on funds, 
nroiects and performing organizations from 

manpowe , p J . itable for our purpose were 

and pr?dato s fiabihty- A. these selected sta.i.ocs are presented TN th.s 
naDer the sources are identified. 
PT7 Jh1P statistics on the document output of U.S. Reliable statistics on ^ ̂  exceptionSj the 

bi wid estima es are unsystematic guesses. Much of 
P w therefore was devoted to obtaining and ana-
°Ur 1 ' data 0n the document output that could be 
lyzing research programs for which the 

TLnd funds wTre"noinfand on the publica-
:n„nnPh°a5s^ biomedical scientists. These new data, 

A ihe usable data we could glean from previous 
and the usab here ^ reduced form. The meth

ods we used for data collection and analysis are de
scribed briefly; detailed methodology and primary data 
are given in the appendix to this paper. 
-TX^py of the appendix can be borrowed from the National 

DATA 

U.S. Biomedical Research Effort 

Fundi and mmfowa. Figure t bto-
tistics on funds and manpower' devoKd to th 
medical research. These are utbulated mThe pp 
(see footnote 5). The logamhmte ^ 
that growth of the "^ff^e"ntial eacep, over 
statistics, has not been tr y p curves 
relatively short periods. In both plots, 
representing funds break upward rather sharp > JJ • 
TaS " cotnpare, the distribution of manpower » 

iq-8 and i960 among the major types of orgamza 
tions' performing research and gives the av erage expendi
ture per professional worker. These years are t e o 
ones for which comprehensive manpower 
available. During the period ic>54-196°. t, < 

expenditure per worker increased at a compound rate 
of 7.5% per year, or 5.3% when corrected for inflation 

^Research projects. For publication purposes, a project 
commonly serves as a unit of research. Serial statistics 
on projects are presented in Table 2. Oyer t e pas 10 
years, an increasing proportion of all U . . 101 

research projects has been registered with the Science 
Information Exchange (SIE); however, the figures m 
columns 4 and 5, even for the most recent years do no 
represent complete national totals (25). Several years 
ago a study estimated these totals from the total ex
penditures for U.S. biomedical research by assuming 
that the average annual support per project was the 
same for all U.S. research as for NTH extramural research 
(q); these estimates were not used in the present stucy 
since the information now available on nonfcdcrally 
supported projects registered with SIE (column b> makes 
this assumption questionable. 

Another factor that could influence the document 
output of biomedical research is the duration of projects, 
which has been changing, at least for the projects sup
ported by NTH. Between 1950 and 1955, the proportion 
of 1-year grants by NTH decreased from 50 0 to 10 < 
while 3- to 5-year grants increased from 20 to 50 0(19); 
in i960, the average duration was 2.86 years (22). 

The average number of scientists associated with a 
research project could also affect document output. 
Our analysis of grantees named in the .\IH Research 
Grants Index, Fiscal Year 1962 shows that a total of 1 7,109 
different scientists served as principal or co-principal 

Library of Medicine by initiating an interlibrary loan request for : 
Appendix to Orr, Richard H., GregoryAbdian, andAI.eeA. Leeds 
Generation of information: published output of U.S. biomedical 
research. Federation Proc. 23: 1297-1309, 1964. 

« Manpower is given by the statistical source (23) in terms of 
"professional" workers, defined as individuals with doctoral degrees 
for with less than doctoral training) "who functioned as principal 
investigators and collaborators." These criteria generally excluded 
individuals functioning as research assistants, technicians, and sup
porting personnel, regardless of their degrees. The source notes, 
however that "Federal and State personnel classification systems 
and industrial employment practices are keyed more closely to 
position descriptions than to the more rigorous standards applied 
in the extramural [academic] sector." 
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FIG. I. Key statistics on the U.S. biomedical research effort. 
The funds shown are for the conduct of research and exclude 
expenditures for construction and research training. In Part A, 
dollars, manpower, and projects are plotted on a log scale; in 
Part B, the same figures are plotted on a linear scale for the period 
during which manpower data are available. Broken lines represent 
projections to estimated manpower in 1970. Data on the number 
of papers generated by NIH extramural research grants are 
included in Part B to facilitate comparisons when the relations 
between effort and output are discussed. Data sources: For U. S. 

biomedical research funds, ref. 23, except 1947 figure, which is 
from ref. ig, and 1948 and 1949 figures, which are from ref. 22; 
for federal research funds, derived from figures for U. S. funds by 
subtracting totals for "nonfederal support of medical research" 
given in ref. 23, except for 1947 figure, which is from ref. 19; for 
NIH extramural grant funds, ref. 9, except 1962 figure from ref. 
13; for manpower, ref. 23; for projects, ref. 9, except 1961 and 
1962 figures from refs. 12 and 13, respectively; for papers generated 
by NIFI extramural research grants, see Table 4. 

investigators on projects active in fiscal 19627 (not all 
members of research teams are named); each of these 
scientists had an average of 1.3 NIH projects. For the 
average project, 1.5 investigators were named. 

7 If the manpower statistics in Table 1 are extrapolated to the 
period corresponding with fiscal year 1962, it can be seen that 
NIH grantees constituted about 40% of all U. S. research man
power. 

Information Output of U.S. Biomedical Scientists 

Output identified in biomedical journals. Numerous studies 
have been made of the rate at which new biomedical 
literature is being generated. The findings of these stud
ies, however, are generally not suitable for our purpose, 
since all the biomedical documents being produced 
cannot be attributed directly to the U.S. research effort 
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TABU1 , DM**. ot U.S. •'««"" " "f °< 
and average expenditure per professional worker 

1954 

Professional workers (full-time equivalents) 
Average expenditure/worker (X 10 ) 
Average expenditure/full-time equivalent (X 10 ) 

Nonprofessional workers (full and part-time) 
Professional workers (full-time equivalents) 

Nonprofessional workers (full and part-time) 
Professional workers (full-time equivalents) 

19,200 (100%) 
14,000 (100%) 

$11.7 
$14.9 

3,700 (ig-3%) 
3,700 (26.4%) 

3,400 (17.7%) 
3,400 (24.3%) 

1958 

34,600 (100%) 
22,000 (100%) 

$14.2 
$21 .2 

6,900 (19-9%) 
6,900 (29.8%) 

6,500 (18.8%) 
6,500 (28.1%) 

i960 

39,700 (ioo'/i) 
27,285 (100%) 

$18.0 
$26.0 

7,800 (19-7%) 
7,800 (28.6%) 

7,200 (18.1%) 
7,200 (26.4%) 

2. ,200 (61.3%) 24,7°° (62.2%) 
1 12,285 (45-°%) 

Volume 23 

Projected for 1970 

77,000 (100%) 

$39° 

12,000 (15.6%) 

12,000 (15.6%) 

53,000 (68.8%) 

rofessional workers (lu,,-time ——^^ining. Percentages 

^5gE2S8S5ff&85&&2S£3S£Z 

table 2. U.S. biomedical research projects 

Extramural Projects Supported 
by NIH 

Projects Registered with Science 
Information Exchange 

J f -  . 5 -
Supplied W Information Eachanjo. 

June 6, 1963. 

as this effort is defined by the available statistics on funds, 

<»>°f the Murces 

of research support acknowledged by the authors of 
articles published in 100 selected biological journals 
during the years .950 and .960. Of the journals he se
lected for study, 61 are indexed by Index Medicus and, 
therefore, may be considered biomedical. Although the 
61 journals are not a representative sample of all L .S. 
biomedical journals, they illustrate some of the changes 
in U.S. biomedical research and its output that have 
occurred over the past decade, and we have adapted 
Shilling's data on these journals for presentation in 
Table 3. The pattern of research support indicated by 
support acknowledgements (Part A) sensitively reflects 
the general pattern of U.S. support for biomedical 
research.9 For example, in the journal sample, of all 
articles acknowledging "outside" support in 1950, 38 "0 
identified federal sources and 18% acknowledged De
partment of Health, Education, and Welfare (HEW) 
support; whereas, in 1948, federal and HEW support 
accounted for 41 % and 18% of all U.S. biomedical 
research expenditures, respectively. In i960, for the 
journal sample, the corresponding percentages are 53 « 
and 33%, as compared to 50% and 34% for the respec-

8 The selection criteria are described as follows: 1 he list was 
furnished by the National Science Foundation (NSF) as being 
representative of the broad scope of biology and having been used 
for other research in documentation. Regional, house organ and 
other special purpose journals were generally excluded. Some 
changes had to be made in the NSF list in order to replace those 
not published in 1950" (20)- . , , 

9 For U S. scientific journals and research support in general, the 
same phenomenon has been noted by Milton and Johnson (10). 
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TABLE 3. Sources of support and types of organization performing research reported 
in 61 biomedical journals, iggo and ig6o 

1950 (Total no. articles published = 7,195) i960 (Total no. articles published = 9,321) 

No. articles % articles* No. articles % articles 

A. Sources of Support Acknowledged by Authors 
Sources outside author's institution 4.798 66 (100) 8.751 94 (mo) 

HEW 836 12 (18) 2,900 31 (33) 
Other federal agencies 994 14 (21) 1,783 19 (20) 

Total federal 1,830 25 (38) 4,683 5° (53) 

State 149 2 (3) 530 6 (6) 

Total government 1.979 28 (41) 5,2«3 56 (60) 

Industry 627 9 (13) 54° 6 (6) 
Other private sources 737 10 (15) 1,142 12 (13) 

Total private 1,384 19 (28) 1,682 18 (19) 

Unclassifiable sources ',455 

O CO 

0 <N 1,856 20 (21) 

No outside sources acknowledged 2,397 33 57° 6 
B. Institutional Affiliation of Authors 

Government 723 10 1,209 '3 

Universities 3,895 54 5,°9° 55 
Other non-profit institutions ' ,754 24 1,620 U 

Total academic 5,649 78 6,7'° 72 

Industry 265 4 343 4 

Unclassifiable institutions 558 8 1,059 11 

The titles of the 61 journals are listed in the appendix (see footnote 5). Part A. Sources of outside support acknowledged in the arti
cles (or identified by authors in response to a questionnaire) were classified in the data source as follows: under "support by federal 
grant or contract"—"AEC" (Atomic Energy Commission), "NSF" (National Science Foundation), "DOD" (Department of De
fense), "HEW" (Department of Health, Education, and Welfare), and "other"; under "non-federal support"—"foreign work with 
U.S. support," "foreign work with non-U.S. support," "fellowship," "industry," "state funds," and "private." Two of the cate
gories under "non-federal support" ("foreign work with U.S. support" and "fellowship") could represent government, industrial, or 
private funds. These two categories, and "foreign work with non-U.S. support," are not adaptable to the classification used in this 
table and are combined here as "unclassifiable sources." Articles for which no outside sources were acknowledged presumably repre
sent work supported solely by the performing organizations' (or the scientists') own funds. Part B. Performing organizations, i.e., 
the authors' institutions, were classified in the data source as follows: "federal lab," "state university," "non-state university," "pri
vate lab or hospital," "foreign work with U.S. support," and "foreign work with non-U.S. support." The last two categories are not 
adaptable to the classification used in this table and are combined here under "unclassifiable institutions." The data source category 
"private lab or hospital," which has been converted to "other non-profit institutions" in the present classification of performing or
ganizations, may have included a few commercial organizations; however, we have assumed all institutions so categorized to be non
profit and have lumped this category with "universities" under "academic." This assumption was made to allow comparisons with 
statistics on funds and manpower. The parenthetical figures are calculated on the basis of all articles that acknowledged sup
port from sources outside the authors' institutions, rather than of the total number of articles published. Data source: Adapted from 
ref. 20. 

tive ratios of federal and HEW support to total U.S. 
research funds in 1958.10 

10 Data on documents published in 1950 and i960 are compared 
with funding statistics for 1948 and 1958 because of the time lag 
between funding and publication. This lag is discussed on page 1304. 
The sources of the statistics on research funds shown in Fig. 1 do 
not give data on HEW funds. The percentages of total U. S. bio
medical research funds used here for comparisons with the journal 
sample are based on data given in another source (24). This recent 
compilation gives figures for federal expenditures during the years 
1947 to 1961 that average about 20% higher than those in earlier 

Output identified by source of support. A more direct way 
to obtain data on the document output of research is to 
count all the documents generated by specific research 
programs. Table 4 shows the annual output of papers 
that can be attributed directly to NIH extramural and 

compilations; however, estimates of total support from all sources 
during the corresponding years have not been revised. For these 
comparisons we calculated revised figures for total U. S. funds by 
adding the difference between the old and new figures on federal 
expenditures in 1948 and 1958 to the old figures for total U. S. 
support shown in Fig. 1. 
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TABLE 4. Papers generated by KIH-supported research 

I 

Year 

2 

Extramural Research 
(No. papers) 

3 
Intramural 

Research (No. 
papers) 

4 
Total 

(2 + 3) 

•957 4,070 1,160 5.23° 
1958 4,795 1,100 5,895 
•959 7,035 1,329 8,384 
i960 9,400* 1,616 11,016 
!96l 10,400* 1,627 12,027 
1962 G849 

The term "papers," as used here and throughout this report, 
means published documents other than abstracts of oral reports 
given at meetings. Detailed methodology and primary data 
are given in the appendix (see footnote 5). * These figures 
are calculated from the primary data on grantee publications 
(which included published abstracts of oral reports) so as to be 
comparable to figures for earlier years; they have been rounded 
off to the nearest hundred. Data sources: Column 2—data for 
1957-1960, Dr. Errett C. Albritton, Chief of Research Accom
plishments, Division of Research Grants, NIH; figure for 1961 
obtained by analyzing the grantee publications cited in NIH 
Research Grants Indexes for fiscal years 1961 and 1962, and adding 
the papers associated with terminated projects and omitted 
from 1962 Index (data on terminated projects supplied by Mrs. 
Lynda McGee, Chief, Research Documentation Section, NIH); 
a figure for 1962 is not given since, although some 1962 papers 
are cited in NIH Research Grants Index, Fiscal Year 196s, a com
plete count for the calendar year 1962 cannot be made until 
NIH Research Grants, Fiscal Year 1963 has been analyzed. Column 
3—the annual bibliographies of NIH intramural staff for given 
years, ref. 14. 

intramural programs during the years 1957 to 1961.11 

In analyzing the NIH Research Grants Index, Fiscal Year 
1962 for the number of documents cited by grantees as 
resulting from their NIH-supported projects, we found 
that an average of 1.2 papers were listed for grants that 
had run two or more years. 

Output rates of biomedical scientists. The quantitative 
output of biomedical research can also be assessed by 
studying the output rates of scientist populations engaged 
in the U.S. research effort. 

About the only data suitable for our purpose, and 
relating to a systematically derived national sample of a 
broad biomedical research population, were reported by 
Gerard in his impressive study of physiologists (8). In 
this study, one of the questions answered by 4,751 U.S. 
and Canadian research physiologists12 was how many 
papers they had published (as "senior" author or co
author) in a 3-year period (roughly 1950-1952, inclu
sive). Gerard noted that, as a measure of the document 
output of physiologists, the average derived from then-
answers (1.7 papers per year) was misleading, since, if 
one multiplied the number of respondents by this 
average, the product obviously exceeded the known 

11 Lindsay and Allen reported counts on the total output of 
NIH-supported research (extramural and intramural) for the 
years 1957 through i960 (9). Our figures for these years differ 
from theirs only for i960, and then by only 16 papers. 

12 These respondents represented almost 80% of the estimated 
total number of U. S. and Canadian physiologists at the time of the 
study. Canadians accounted for only 5% of the respondents. 

output of physiology papers; and he commented that 
multiple authorship of papers "may well cut the number 
to a half or a third." 

We searched for published and unpublished statistics 
that could be analyzed for possible changes in the 
document output of U.S. biomedical scientists over the 
past decade, but found no reports that provided serial 
data on national populations, and only one report on an 
institutional population. The Publications Section of 
the Mayo Clinic, which handles all publications ema
nating from that institution, reported (unpublished 
internal document) the total number of manuscript 
pages it processed each year from 1950 to 1962 and 
related this figure to the total number of Mayo Staff 
Members in the given year. The ratio of total manu
script pages to all Staff Members (including those who 
had no publications in the given year) averaged 66 for 
the years 1950-1962. The maximal yearly variation 
from this average was ±12 %, with no apparent trend 
toward an increase or decrease. The original data, sup
plemented by counts we made of the total number of 
papers published by Mayo Staff Members, arc given in 
the appendix (see footnote 5). The ratio of the annual 
total of published papers to the total number of Staff 
Members averaged 1.8 for the years 1950-1954 inclusive, 
1.4 for 1955-1959, 1.4 for 1960-1962, and 1.6 for the 
entire 13-year period. 

The ratio used to dcscrilx* the document output of 
Mayo Staff Members is not equivalent to the one used 
to express Gerard's data on physiologists. The difference 
is analogous to that between the birth rate for a papula
tion and the average numl>cr of times individuals in the 
population become parents." To prevent confusion, and 
to facilitate comparisons of data from different sources, 
we will use the term "average authorship rate" for the 
average number of papers "authored" per year by mem
bers of the given population, and the term "publication 
rate for the ratio of the total number of papers pro
duced annually by a population to the total numl>er of 
scientists in the population. Gerard's statistic is, in our 
terminology, an average authorship rate; whereas, the 
statistics for the Mayo Clinic are publication rates. 

To obtain more data bearing on possible serial changes 
in publication habits, we attempted to find compre-
ensive bibliographies for the staffs of research institu

tions that had been compiled on a uniform basis annually 
or at least five years and were otherwise suitable for 
analyzing authorship and publication rates. Although 
ot ers undoubtedly exist, the only suitable series found to 
ate are the annual bibliographies of NIH intramural 

sta and those of Medical College of Virginia faculty. 
na \ses of these two serial bibliographies for authorship 

an publication rates are summarized in Table 5 and 
are compared with the rates for physiologists and for 

a>o .'taff. Also included here arc corresponding sta-

analogy is imperfect in that papers can have one, two, or 
rlnrn.v, Pycnts • therefore, the relation between the two types of 
norm I t " °utPut riltios may vary with time and from one scientist 
population to another. 

L J 



I3°3 

""jmeuicai community 

Average Authorship Rates 

Year Physiol
ogists 

i942 
'943 

'95° 
'95' 
•952 
!953 
'954 
•955 
"956 
•957 
•958 
' 9 5 9  
1960 
1961 
1962 

1 -7 (' -9*) 

Publication Rates 

Physiologists Med. College 
of Virginia 

faculty 
Mayo Clinic 

Members NIH Staff 
Index 

Medicus 
authors 

0.74 (o.83)f 
2.4 
2.0 
1.4 
' • 7  
1.8 

1 . 8  
1.4 
1.1 

(' -5) 

(i-4) 

(1.0) 

(•95) 

1 . 8  
I . I 

Average authorship7^ = average m.mh r ~ — ' 4 062 | (1.0) 

calculated on the basis of a 1 scfenS melh r"! th3t P°Pulad°n- The figure, notenclosedhvProduced annually 

publication rates calculated from source drnf with T® 3"yCar Peri°d covered by the data source' f Roth"/ °? baS'S 

S ZAmenca';Journal 

NIH profaitaal TSrSo "com'for"j0"i<T v"l^ShirtSSTby 4"" 

^attei^re'finemerd^^di^ra^e^for'tl^other u"! P^^Zl becomes iTwrdrnrnhlv^SrXmado01"*" 
Data sources: For Index Medicus authors^analys^of also include ™ scientists who^roTa^dveTnVe" "'Z  ̂

fST Li";>"-»•'•«'"»"to S "Ji" SKJg ,"b"" 

c..,o„, the bibltogra;hie, p" ,hed "•ewh"^ *» 

tics on papers listed m Index Medicus, which represents 
a selective bibliography of the world's biomedical popu
lation. The primary data and analytic methods are pre
sented in the appendix (see footnote 5). 

increase in multiple authorship. Changes in the number of 
authors named on NIH staff papers and on papers in 
Index Medicus are shown in Fig. 2. The corresponding 
data for papers published by the faculty of the Medical 
College of Virginia (average number of authors per 
paper - 1.8, 1.8, 2.0, 2.0, and 1.8 for the years 1057 to 
1961, respectively) fall between the figures for Index 
Medicus and for the NIH staff bibliography 

The average number of authors named on papers 
produced by a population governs the relation of the 

"era^haa mcreased steadily in the past aoPy£J ™ 

for7gi™V™Xi™m£l'°'h0" rmed PhPd" »h~owt 

tiszszi 5 x'brfi ssf td,t" -
tained by direct counts with th however. were ob-

for physiologists. For the^figures LTaWe\° wh* 
authorship to publication Jr 5' Where the relation of 
calculated from the data on^miih-' fXaCt1^ the same as would be 

minor discrepancies are attributable^ fhe to that" f^' 2' ^ 
hsted in the bibliographies were not in 1 a j , papers 
of both authorship and publication rate determination 
committee reports without specific authors"'ftc.)n°nymOUS P3PerS' 
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® ©PAPERS IN NIH STAFF BlBllOCRAPHT 

X "x PAPERS IN INDEX MEDICUS 

25- AVG NO. AUTHORS/PAPER 

~ Wsrss* £ a d 1962, ref. 14; for papers in /infer Medicus, analyses of samoles nf 
documents listed by Index Medicus (or its predecessors Cw£ „f 

sr* •— 

SSiSSSC? data on o,her b"»d 

DISCUSSION 

Growth of Research Effort 

The growth of the U.S. biomedical research effort 
beCn character.zed by irregularities, which make 

efforfaT8 thC VariOUS §r°Wth rates manifested by 
effort and output statistics misleading for anv but the 

stdyThe l duHnVfh was reasonabfy steady. The longest of these periods was 10=57-106, 
£°L a",he '°g pte (Fig- '• Pa" A. ««pi 
that for manpower, approximate straight lines and 

ere ore represent steady exponential growth. During 
this 6-year period, the slopes of the three plots repre
senting^ funds are quite similar, indicating that the 

' Clarke recently demonstrated that the number of „ .1, 
12^,he •vm s'vc° =™*1 sr 

of American Societies for Experimental Rinl™ u 
changed significantly since 1947 (5) There are t 7°' 
explanations for the difference between"his finH- T P°SS'ble 

«... .;Ih„ 't 
practices for „| repo„, differ fam ,box 

has since apparently ruled out the first possibility h 7' 
separately the oral reports given at these same meetings^ NIH 

^ trend toward^ ££? tfothip"^ £ 

K£r ̂  NIH communiciTu'm 

Volume 23 

relative contributions of the major sources of research 
support did not change grossly. The slope of the curve 
for NIH projects is appreciably less than for NIH 
extramural grant funds, reflecting the steady increase 
in the cost of research. Apparently, Price's hypothesis of 
a "Fechner law situation" between stimulus and effect 
for scientific research in general (18) holds for biomedi
cal research as well. The acknowledged shortage of 
scientific manpower (23) may explain why manpower 
did not grow as steadily as funds and projects during 
the period 1957-1961. Whether manpower growth 
can be maintained at a somewhat higher rate than that 
from 1958-1960, as will be required to meet the 1070 
projection, can be judged only when additional serial 
data are available. 

Relation of Effort to Document Output 

anJhI,rregUlTilleS,in the grOWth of the research effort 
and the complex relations among effort statistics com
plicate attempts to establish quantitative relations 
etween effort and document output. An additional 

ZZe7in°anS funds or manpower 
effect to bedel •" °UtpUt* °"e WOU,d expect this 

cause and * ,mn,mum la8 * 'wo years between 
cause and effect is reasonable considering the nature of 
06) """ "« l~»™ » publSon 

JfTini'tV "F°W"' '' Tabk 6 some 
effort and In ,h f attemptinS to relate growth of 
on effo and dli T" USi"S ,he avai,abl<* statistics t and data on document output In each com 

tfr °f an T* in ^ 
yJrs LTT' in doc,""OTI UVO 

r closely "couoled" tn tK- cxPected, a prion, to be 
described by the effort ZIT™ ^ rcscarch cffort 
should be ex pr ess I vi d e n °r tHat ,hc OU,'Jut 

segment For .1 V as  resulting from this 
derived from the SZk Te77 ,hC.0U.tpUt data 

(Part A) desnire it, biomedical journals 
of this sample to 1C previ°usly demonstrated sensitivity 
the correlations I patterns of research funding, 
and growth of d 7 ratc> °f fu"ds (E) 
are low. Output increased a')"8 d°CUment outputs (O) 
as rapidly as funds S 1 J°Ut °nc"thlrd to one-fourth 
funds and of \m c t C°,,nparisons of total NIH 
aPP'opJle^^Tmr"' fund! ;v,h th" 
Show higher correlations Programs (Part B) 
as fast asexpenZ,r« mV°U ,PUt ?rCW. about °ne-half 
is between the growth in^th °SCSt S1'llllaril>r» however, 
NIH projects and that r number of extramural 
extramural program. TnF J fES B'T"? '' ^ 
ment is manifested bv the '•. thls c,ose agree-
for NTH extramural research"1 °f the CUrVCS 

responding output. The breakT^h ^ ^ 
around iq-^S probahlv „ °Utput curve 

sharp increase in NIH 'prescnts a delayed effect of the 
P crease ,n NIH projects that occurred in ,956. 
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TABLE 6. Correlation between measures of the growth of biomedical research effort and document output 

A. For Articles 
in Selected Journals 

Effort (Funds X 
io6 or no. of projects) 

Output 
(No. of articles or papers) 

Correlation of Growth A. For Articles 
in Selected Journals 

1948 1958 Annual growth 
rate (E) 1950 i960 Annual growth 

rate (0) 

Rates (0/E) 

US. biomedical research funds 
Federal biomedical research 

funds 
HEW research funds 

$"3 
$39 

$22 

$490 
$226 

$183 

0-33 
0.48 

o-73 

7,'95 (4,798)° 
1,83o6 

836" 

9,32' (8,75')° 
4,683" 

2,900° 

0.030 (0.083)* 
0.16 

0.25 

O.091 (0.25)* 
°-33 

0.34 

B. For Papers Generated by 
NIH-Supported Research 1056 1959 Annual growth 

rate (E) 1958 1961 Annual growth 
rate (0) 

Correlation of growth 
rates (O/E) 

NIH research funds 
Total 
Intramural 
Extramural grants 

NIH extramural research pro
jects 

$71 
$32 
$39 

3,100 

$210 
$69 

$>4' 
8,500 

0.65 
0.39 (0.22)f 
0.87 
0.58 

5,895d 

1,1 ooe 

4,795/ 

4.79S7 

12,027"' 
1,627° 

10,400^ 
io,40o/ 

o-35 
0.15 
°-39 
°-39 

°-54 
0.38 (o.68)f 
o-45 
0.67 

Annual growth rate = V-V0/Vo-T, where V = value for last year of period, V0 = value for first year of period, and T = number 
of years in period. 0 The first figures are the total numbers of articles published by the 61 journals; the parenthetical figures are 
the total numbers of articles acknowledging "outside" support (both from Table 5). 6 Numbers of journal articles acknowledging 
support by any federal agency (from Table 5). "Number of journal articles acknowledging HEW support (from Table 5). 
d Number of papers generated by all NIH-supported research, both extramural and intramural (from column 3 of Table 
4). * Number of publications generated by intramural NIH research (from column 2 of Table 4). S Number of publications 
generated by extramural NIH research (from column 1 of Table 4). * The parenthetical figures are based on the corresponding 
figures in the columns to the left. f The figures shown for intramural research funds in 1948 and 1958 include expenditures for 
administration of the extramural grant program as well as for the conduct of intramural research; another data source (11), which 
breaks down NIH intramural funds, indicates that expenditures solely for "direct research" were $28 million in 1956, and $46 mil
lion in 1959; the parenthetical ratios are based on the latter figures, which are more comparable to those for extramural funds. Data 
sources: For U.S. and federal research funds, see legend for Fig. 1; for HEW funds, ref. 24; for NIH funds (total, intramural, and 
extramural grants) and for NIH extramural projects, ref. 9. 

It is apparent that the journal-derived sample does 
not accurately reflect the total output resulting from the 
given effort. Two explanations can be offered. First, 
over the interval between the two years which the journal 
sample represents (1950 and i960), funds were not 
increasing at a steady rate (see Fig. 1). Second and more 
importantly, the journal sample, which was a nonrandom 
selection of older periodicals (see footnote 8 for selection 
criteria), did not contain as large a proportion of all 
U.S. research papers in i960 as it did in 1950; journals 
founded since 1950 took part of the output in 1960. 

One might expect manpower statistics to be intimately 
related to output. Unfortunately, this hypothesis could 
not be tested directly with the present data on the NIFI 
extramural program. Even if we knew the total number 
of professional workers engaged in NIH-supported 
projects during the years 1955-1959, since these indi
viduals had other sources of support, the number of 
papers generated by the NIH extramural program in 
1957- igbt would not represent their total output; nor 
could this number be assumed to represent a constant 
fraction of their total output since the pattern of support 
was changing during this period. The number of NIH 
projects, however, appears to be roughly proportional to 
U.S. biomedical research manpower; the average 
annual support per NIH project in 1954, 1958, and i960 
(Table 2) was reasonably close to the average annual 

expenditure per full-time and part-time professional 
worker in the corresponding years (Table 1). 

Output per unit effort. For the reasons discussed, the 
data on the journal sample are not suitable for establish
ing quantitative relations between effort and output. 
The following analyses, therefore, employ only data on 
the total document output generated by NIH programs. 
To eliminate one possible source of error, attention is 
confined to output data corresponding to the effort 
statistics for 1956 to 1959, a period during which 
funds and projects were increasing at a relatively con
stant exponential rate. 

The ratio of papers generated by the NIH extramural 
program (Table 4, column 2) to extramural projects 
funded by NIH two years earlier (Table 2, column 2) 
is remarkably stable; for papers published during the 
years 1958, 1959, i960, and 1961, the ratio is 1.5, 1.2, 
1.4, and 1.2, respectively. These values are very similar 
to the ratio of 1.2 paper per project we established in
dependently for 1961-1962 output by determining the 
average number of papers cited in the NIH Research 
Grants Index, Fiscal Year ig62 for projects two or more 
years old. 

In contrast to the stable output to project ratio, the 
ratio of expenditures to papers has been increasing for 
both the extramural and intramural NIH programs, as 
shown in Table 7. For the extramural program, the 
year-to-year variation makes it difficult to judge the 
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TABLE 7. Relation of NIH research expenditures to 
document output (average expenditure per 
paper published two years later) 

Year of Output 

1958 
'959 
1960 
1961 

4-year average 

Extramural 
$8,000 
II ,000 
11 ,OO0 
13,000 
11,OOO 

Intramural 
$25,000 
26,000 
24,OOO 
28,000 
25,000 

All averages are rounded off to two significant figures. Data 
sources: Calculations are based on annual totals for NIH extra
mural grants in 1956, 1957, 1958, and 1959, from ref. 9; annual 
totals for NIH intramural expenditures solely for "direct re
search" in the same years, from ref. 11; and annual document 
output of the extramural and the intramural programs in the 
years 1958 to 1961, from Table 4. 

true rate of increase in expenditures per paper; however, 
this increase appears greater than could be explained 
wholly by the general national increase in expenditures 
per professional worker, which averaged 9% (simple 
rate) annually over the period 1954-1960 (see Table 1). 
Part of the increase in expenditures per paper is prob
ably explained by the increasingly common practice of 
charging faculty time to research grants (23). In con
trast, the increase in expenditures per paper for the 
intramural program is roughly the same as the general 
rise in biomedical research costs. The marked difference 
between the average expenditures per paper in the two 
programs can be attributed largely to the fact that the 
statistics on intramural program expenditures include 
the full costs of the research reported in NIH staff 
papers, whereas, extramural grants cover only part of 
the costs of many projects reported in NIH grantees' 
papers that are also supported, in part, by funds from 
the grantees' institutions and other sources. 

These figures for NIH programs are substantially 
lower than the average expenditure per paper published 
by scientists engaged in "basic research" and employed 
by chemical and pharmaceutical companies. For 1954 
papers, the latter ratio has been estimated as $26,000 
(7), and for 1959 papers as $59,000 (15); both of these 
values are based on the total expenditures for basic 
research reported by the companies for the year prior 
to the papers' publication dates. Since different methods 
were used to determine output, these estimates for differ
ent years cannot be used to establish trends in industrial 
research. Although much of the research supported by 
NIH can be considered "basic," the inherent subjec
tivity of this classification makes it difficult to judge 
how comparable these expenditures per paper ratios 
for industrial research are to those for NIH programs. 

Changes in Publication Habits of Biomedical Scientists 

"Big Science" and multiple authorship. The trends toward 
multiple authorship among NIH staff and Index Medicus 
authors are remarkably similar when one considers how 
different the two author populations are. For all sta
tistics shown in Fig. 2, the rates of change for these two 
populations match well; however, in any given year 

the average number of authors per Index Medicus paper 
is about the same as that for NIH staff papers 10 years 
earlier. Since an increase in multiple authorship has 
been described as characteristic of "Big Science (18), 
and since three-quarters of the papers in Index Medicus 
are from foreign periodicals (3), the observed time 
difference may indicate that the Big Science syndrome 
is more fully developed in the United States than abroad. 
The publication habits of NIH staff are probably not 
representative of the U.S. biomedical community as a 
whole; but the fact that, for a given year, the average 
number of authors named on papers by the faculty of 
t h e  M e d i c a l  C o l l e g e  o f  V i r g i n i a  f a l l s  c l o s e r  t o  t h e  N I H  
curve than to the Index Medicus data supports the hy
pothesis that the observed difference reflects national 
differences. A definitive test of this hypothesis will 
require a separate analysis of U.S. papers listed in 
Index Medicus. 

The phenomenon of increasing multiple authorship 
is also seen in other fields of science. Both Chemical Ab
stracts and Physics Abstracts are comparable to Index 
Medicus in that they cover most of the world's serial 
literature in their respective fields. The average num
ber of authors named on papers covered by Chemical 
Abstracts has increased steadily; in i960 this average was 
about the same for chemistry papers16 as for papers in 
Index Medicus. No similar average could be found for 
physics papers; however, only 50% of the papers cov
ered by Physics Abstracts in 1961 had a single author 
(1), a figure very similar to that for Index Medicus papers 
in 1962 (Fig. 2). Unfortunately, as in the biomedical 
field, there seem to be no data on chemistry or physics 
papers to test our hypothesis concerning the difference 
between U.S. and world scientific populations. 

Trends in authorship and publication rates. Authorship 
rates are influenced by, or correlated with, many factors 
relating to scientists' personal characteristics, their 
training, and the nature and setting of their work. Some 
of these factors have been studied formally," e.g., age 
(2, 6, 8), ability (4, 18), and institutional setting (8, 21). 
The distribution of authorship rates within scientific 
populations has also received some attention (4, 8, 18). 
Among the general findings of such studies, two arc 
particularly relevant to the present inquiry in that they 
affect the inferences to be drawn from our findings. 
First, there is a definite correlation between the number 
of a scientist's publications and most other quantitative 
and qualitative measures of his ability or performance as 
a research worker. Second, the distribution of authorship 

16 Calculated from graphic data in ref. 18, which were difficult 
to read accurately; however, the error introduced should not 
affect the general validity of the conclusion drawn. 

11 The references cited in this paragraph represent selected 
studies that relate directly to biomedical populations or are exam
ples of systematic studies of other broad scientific populations 
Despite considerable interest in the publication habits of scientists 
and frequently expressed concern that these habits have been 
deteriorating, we could find no published reports of systematic 
studies that assessed any serial changes in a given population, other 
than multiple authorship. 
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rates in any sizable research population is highly skewed; 
the number of scientists producing more than one paper 
a year seems to fall off roughly as an exponential func
tion of authorship rate (18).18 At the level of data inter
pretation, these facts dictate caution in estimating 
average authorship rates and publication rates for the 
entire U.S. biomedical research community or its major 
performing sections from data on nonrandom samples 
and local populations, such as institutional staffs. One 
is rarely justified in assuming that authorship and publi
cation rates for such groups approximate those of na
tional populations defined by institutional environment, 
e.g., all professional workers in academic institutions.19 

For this reason, we consider the present data on institu
tional staffs and other possibly nonrepresentative groups 
useful primarily for suggesting possible trends, which 
should be assessed in future studies. 

In the only two U.S. populations for which we have 
serial data on either true or apparent average authorship 
rates (see Table 5), there is no convincing trend toward 
either higher or lower rates.20 The serial data on publi
cation rates in two U.S. populations do suggest a 
downward trend; but this evidence is not adequate in 
itself to support a conclusion that publication rates are 
probably declining in these institutions or in the U.S. 
biomedical community as a whole. However, if the 
incidence of multiple authorship is increasing generally 
and average authorship rates are indeed stabilized, as 
they seem to be, the possibility of a generally declining 
publication rate should be seriously considered. 

Among the possible causes of a decreased publication 

18 For NIH staff, Index Medicus authors, and faculty of the 
Medical College of Virginia, the distribution of authorship rates 
conforms to this general rule. These data are included in the ap
pendix (see footnote 5). 

19 This point is emphasized by Shilling's recent report of signifi
cant quantitative differences in document output among 14 micro
biology laboratories in U. S. academic institutions (21). These dif
ferences were strongly correlated with independent assessments of 
the respective laboratories as "strong" or "weak." The 64 labora
tories included in his study were not selected to constitute a 
representative sample of all U. S. biological research facilities, and 
the document output of laboratories rather than individuals was 
reported; however, his data can be used to calculate approximate 
average authorship rates for 84 academic scientists working in bio
chemistry and 82 in microbiology as 2.5 and 2.2 papers per year, 
respectively, over the period 1958-1963. If these are true author
ship rates, i.e., valid for all the biochemists and microbiologists in 
the laboratories he studied, they are higher than the true rates for 
NIH intramural staff, the only population in Table 5 that consists 
solely of scientists attached to an organizational unit devoted 
primarily to research. Other instances of high average authorship 
rates for selected populations could be cited; in the biomedical 
field a striking example is provided by the senior (first named) 
authors of papers in the Proceedings of the Society for Experimental 
Biology and Medicine. We found that these scientists published an 
average of 2.8 papers per year in the serials covered by Index 
Medicus. A complete count of their publications would undoubtedly 
materially raise this average. 

20 Although the data on Index Medicus papers seem to indicate a 
definite world-wide increase in authorship rates, other factors that 
might account for this apparent trend, e.g., the increasingly com
prehensive coverage of Index Medicus during the past 10 years, have 
not been assessed. 

rate in a research population, local or national, some 
would be considered by most scientists as desirable, 
e.g., greater self-discipline of authors, reduced pressure 
to publish as a result of longer-term grants, more empha
sis on quality than quantity, and increasing reliance on 
multiple authorship to discharge publication obliga
tions. Other possible causes would represent develop
ments justifying careful evaluation, if not serious con
cern, e.g., growing reliance on oral presentations as 
definitive reports of research, or a declining general 
level of ability as the given population grows. On 
grounds other than data on publication rates, several 
eminent scientists have suggested that the latter changes 
are occurring. These hypotheses have been advanced 
most directly and provocatively by Price (18). The 
implications that any material changes in publication 
rates could have for scientific progress, and the impor
tance of these rates in determining the load on bio
medical information services, warrant a substantial 
effort to collect serial data on representative samples 
of biomedical research workers. 

Total Document Output of Research Effort 

Method of estimation. Given appropriate quantitative 
expressions of how document output is related to the 
magnitude of the research effort, as described by the 
available statistics on manpower and funds, a simple 
model can be used to estimate the total output of the 
formal U.S. biomedical research effort for any period 
covered by these statistics and to predict future output 
from statistical projections. For two large research 
programs (the extramural and intramural programs of 
NIH), we have determined directly some quantitative 
relations; but one cannot assume that these relations 
hold generally for all research conducted in any of the 
three major types of performing organizations, govern
mental, industrial, or academic. The NIH intramural 
program is not typical of research programs in govern
ment installations, federal, state, or local. Although 
the NIH extramural program now provides most of the 
funds for the "academic" (nonprofit) sector of biomedical 
research, the output to effort ratios we have established 
for this program are not appropriate for application to 
all U.S. academic research.21 Rather than generalizing 
from data on these programs, or from publication rates 
for other populations that cannot be assumed to repre
sent the populations defined by the available manpower 
statistics, we have developed the estimates offered here 

21 From data in ref. 23, it can be calculated that in 1961 over 
three-quarters of the total research funds of academic and other 
nonprofit organizations came front NIH; however, for the reasons 
previously discussed, the ratios of expenditures to papers for the 
NIH extramural program cannot be used to calculate the total 
academic output even for the years when the total research 
expenditures of the academic sector are known. The papers to 
project ratio for NIH is also unusable since the total number of 
academic projects is unknown. Our data on grantees' publications 
do not permit calculation of their true publication rate; and since 
grantees are a selected group, this rate could not be used for the 
entire academic population even if it were known. 
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from a general hypothesis about the publication habits 
of biomedical research workers. This hypothesis evolved 
by postulating true publication rates for the govern
mental, industrial, and academic sectors of the biomedi
cal research effort that seemed, from the available evi
dence, to be reasonable first approximations and by 
testing these approximations in the model. 

Data from a previously cited report (15) indicate a 
true publication rate for scientists engaged in "basic" 
research in chemical and pharmaceutical companies of 
0.34 papers per scientist per year. In considering whether 
this value, which is based on a nonrandom sample, 
might serve as a reasonable first approximation for 
industry-based professional workers in biomedical 
research, we noted that only 38% of the industrial 
population described by the i960 statistics on biomedi
cal research manpower had doctoral degrees; whereas, 
the corresponding percentage for government scientists 
was 54%, and 91 % for academic workers (23). The simi
lar values of the two ratios for industrial scientists (0.34 
and 0.38), the observed true publication rates in Table 5, 
and commonly heard opinions about general differences 
in the number of papers published by industrial, govern
mental, and academic scientists,22 suggested the hypoth
esis that, for the national populations described by the 
manpower statistics, true publication rates are roughly 
equal to the percentage of doctoral-level workers in the 
given population.23 Since the distribution of authorship 
rates would be expected to be highly skewed, even when 
populations consist solely of doctoral-level scientists, one 
would not expect a close agreement between the rate 
predicted for an institutional population by this hy
pothesis and the observed rate unless the institution 
happened to be representative and all of its staff mem
bers were functioning as principal or co-principal 
investigators (see footnote 6 for definition of professional 
workers used for the manpower statistics). When these 
conditions are considered, it is surprising how well the 
true publication rates in Table 5 agree with rates pre
dicted by the hypothesis.24 In view of this general con-

22 Opinions on this point seem to be more uniform than are the 
findings of studies; however, in few, if any, of the studies were the 
subjects selected in such a way as to insure the generalizability of 
the findings. 

23 The true publication rates predicted by this hypothesis would 
be 0.38, 0.54, and 0.91 papers per scientist per year for industrial, 
government, and academic biomedical scientists, respectively. The 
previously cited study of U. S. biological laboratories (21) lends 
some support to this hypothesis; Shilling found a high correlation 
between the document output of a laboratory and the proportion 
of its staff with doctoral degrees. 

24 Of all professional staff employed by NIH, about 80% have 
doctoral degrees; there were 1,464 doctoral-level staff in 1962 (u), 
as compared to the 1,846 "professional" staff listed in the annual 
directory for fiscal year 1963 (14)* If only NIH staff directly en
gaged in research are considered, the percentage of doctoral-level 
personnel undoubtedly equals or exceeds that for the academic 
sector; and the predicted true publication rate would be 0.91 or 
higher (see footnote to Table 5 for refined rates for NIH staff). The 
proportion of doctoral-level individuals among the Staff Members 
of the Mayo Clinic and the faculty of the Medical College of 
Virginia can be assumed to approach 100%; however, the rela-

sistency with the limited data on publication rates, the 
hypothesis was accepted as providing useful approxima
tions pending further tests. 

Estimated document output in ig6o. Using the manpower 
statistics for 1958 in Table 1, and the true publication 
rates predicted by the hypothesis for each of the three 
major populations, in i960 government scientists would 
have produced approximately 3,7°° papers, industrial 
scientists 2,500, and academic workers 19,300, for a total 
output of roughly 26,000.20 The relative contributions ol 
the governmental, industrial, and academic populations 
to the total output would be about 14%, 10%, and 74 ' <, 
respectively. This pattern agrees reasonably well with 
that for authors' institutional affiliations in the 61 U.S. 
biomedical journals in Table 3 (see "government," "in
dustry," and "total academic," in Part B). By the other 
crude tests we have devised using our data and the 
available effort statistics,26 estimates of total output based 
on this hypothesis are reasonably consistent with all pres
ent evidence; and we believe that, for the period covered 
by manpower statistics, such estimates are sufficiently 
reliable to be useful until more adequate data on publi
cation rates are collected. 

To the extent that the manpower statistics do not 
cover all professional-level workers, we have under
estimated the total document output of the formal U.S. 
biomedical research effort; but it seems unlikely that 
errors from this source would exceed 10%. The other 
major source of errors is the hypothesis concerning 
publication rates; here overestiination is more likely. 
The true publication rates predicted seem, in general, a 
little high. For example, the over-all rate for the entire 
U.S. population of professional workers (0.74 per man 
per year), roughly half of whom devote only part of 
their time to research (23), means that each member of 
this population must write, on the average, more than 
one paper a year.27 By most standards, this would be 
considered an impressive level of literary productivity. 
Price's data indicate that the average scientist in his 
lifetime produces only 3.54 papers (18). 

Predicted document output for igjo. Any prediction of the 
document output in 1970 is considerably less reliable. 

tively low true publication rate observed for the latter population 
can be explained by the fact that all its members arc not directly 
engaged in research. It is also interesting to compare the observed 
true publication rate of physiologists with that predicted from the 
knowledge that "over 90%" of the respondents had a doctoral 
degree and "nearly 90%" did "some research" (8). 

25 The level of training of these populations is assumed to be the 
same as previously given for i960. Total output can also be 
calculated from the over-all percentage of doctoral-level workers in 
the U. S. biomedical research population, which was 74% in 1960 
(23)-

26 A description of these tests is included in the appendix (see 
footnote 5). 

27 This estimation of the average authorship rate makes a 
generous allowance for co-authors who do not qualify as "profes
sional workers." The typical 1960 paper carried the names of two 
or more authors. If all authors were professional-level workers, then 
the average professional worker would have to write three papers 
every two years to account for the predicted publication rate. 
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If the assumptions underlying the projected total of 
77,000 professional workers in 1970 (23) hold, and if 
present publication rates continue, the total document 
output in 1970 will be about twice that estimated for 
i960.28 

Relation of Research Output to U.S. Biomedical Literature 

In addition to scientists engaged in the formal research 
effort, a population of several hundred thousand other 
individuals contributes to U.S. biomedical literature. 
Large numbers of papers are written by authors who 
would not be considered professional research workers 
by the criteria used for manpower statistics, e.g., health 
science practitioners recounting clinical observations 
and experience, teachers not directly engaged in re
search, professional medical writers, etc. To obtain a 
general idea of the major sources of U.S. biomedical 
literature, our estimate of the 1960 output of the formal 
research effort may be compared with the total volume 
of biomedical literature produced in the United States 
that year. Brodman and Taine estimated that there 
were 54,000 papers in U.S. biomedical serials in 1957 
(3). Another study (17) concluded that the total annual 

REFERENCES 

1. AIP Documentation Newsletter 5: 2, May 18, 1964. 
2. BERNARD, J., C. W. SHILLING, AND J. W. TYSON. Informal Com

munication Among Bioscientists, Part 1. Biological Sciences Com
munication Project of the American Institute of Biological 
Sciences. Communique 16-63, December 1963. 

3. BRODMAN, E., AND S. TAINE. In: Proceedings of the International 
Conference on Scientific Information, Washington, D.C., Nov. 16-21, 
1958. Washington, D.C.: National Academy of Sciences-
National Research Council, 1959, vol. 1, p. 195. 

4. CLARK, K. E. America's Psychologists: A Survey of a Growing Profes
sion. Washington, D.C.: American Psychological Association 
Inc., 1957. 

5. CLARKE, B. L. Science 143: 822, 1964. 
6. DENNIS, W. Am. Psychologist 13: 457, 1963. 
7. FISHER, J. C. Science 129: 1653, 1959-
8. GERARD, R. W. Mirror to Physiology: A Self -Survey of Physiological 

Science. Ann Arbor: Univ. of Michigan Press, 1958. 
9. LINDSAY, D. R., AND E. M. ALLEN. Science 134: 2017, 1961. 

10. MILTON, H. S., AND E. A. JOHNSON. Sponsorship of Research: A 
Survey of Scientific Literature, 1920-1960. Technical Paper, ORO-
TP-42. Operations Research Office, The Johns Hopkins Univ., 
Sept., 1961. 

11. NATIONAL INSTITUTES OF HEALTH. Basic Data Relating to the 
National Institutes of Health, 1963. Washington, D.C.: U. S. 
Govt. Printing Office, 1963. 

12. NATIONAL INSTITUTES OF HEALTH. Public Health Service Grants 
and Awards by the National Institutes of Health, Fiscal Year 1961 
Funds. Part 1 Health Research Facilities Construction and Research 
Projects. Washington, D.C.: U. S. Govt. Printing Office. 

13. NATIONAL INSTITUTES OF HEALTH. Public Health Service Grants 
and Awards, Fiscal Year 1962 Funds. Part /—Research Grants. 
Washington, D.C.: U. S. Govt. Printing Office. 

14. NATIONAL INSTITUTES OF HEALTH. Scientific Directory 1963 and 
Annual Bibliography 1962. Washington, D.C.: U. S. Govt. 

28 Based on interpolated 1968 figures for manpower in the three 
performing sectors, the total output in 1970 would be about 53,000 
papers. 

r3°9 

production of U.S. biomedical papers is increasing 2% 
annually; at this rate of increase over the 1957 figure, 
the total production in 1960 was approximately 57,000 
papers. Even if a 10% allowance is made for research 
workers not included in our estimate, the document 
output for i960 that we can associate directly with the 
formal research effort accounts for only about one-half 
of all U.S. biomedical papers published in i960. 

Since, in i960, 94% of the articles in the selected 
sample of 61 biomedical journals carried acknowledge
ments of research support (Table 3), the question arises 
as to where the other half of the literature is published. 
The answer seems to be that the document output of 
research is concentrated in a relatively small number of 
journals that are "research-oriented"; these are journals 
of the types represented in the selected sample. The 
other half of the literature is closely associated with 
clinical practice and is published largely in other types 
of journals (e.g., regional and local journals) that are 
"practice-oriented." This conclusion is supported by the 
fact that less than 100 journals publish more than half 
of all the papers generated by the NIH extramural 
program (17). 
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ORR, RICHARD H., AND ALICE A. LEEDS. Biomedical litera
ture: volume, growth, and other characteristics. Federation Proc. 23: 
1310— 1331, 1964-This study's aim was to gather and analyze 
reliable data on the quantifiable characteristics of the bio
medical literature that afTect communication problems within 
the research community. Previous studies and standard bibli
ographic compilations were critically reviewed, particularly 
for data that could be used to determine changes with time. 
In addition, all publications generated during 1961-1962 by 
the extramural and intramural research programs of the 
National Institutes of Health (NIH) were analyzed as samples 
of the current document output of U.S. research. The world's 
substantive biomedical serials numbered about 5,700 in I960, 
an increase of less than 7.5% since 1950; and during this 
decade, the best available evidence indicates that the total 
number of papers published annually in these serials increased 
by around 20%. This rate of growth means a doubling of the 
serial literature in 38 years. The proportion of the world's 
biomedical serials published in the U.S. remained constant 
(about one fifth) from 1950 to I960, and gross language 
patterns were relatively stable for the literature as a whole. 
Approximately 500 technical books in biomedicine are cur
rently being produced each year in the U.S., and the total 
accumulation of biomedical monographs is doubling about 
every 32 years. Roughly 2,000 U.S. technical reports on bio
medical subjects are being issued annually; only a few are 
security-classified, but many of the remainder are, for practical 
purposes, inaccessible to scientists who are not eligible for the 
special services that have been set up by governmental agencies. 
Of 15,979 documenis generated in 1961-1962 by grantees of 
NIH, 90% were published in journals; some 100 "core" 
journals contained two-thirds of all grantee publications and 
10 accounted for over one-quarter of all the publications in 
journals. Analyses of the distribution of sample documents 
among different journals and books show that the biomedical 
literature is more scattered than that of chemistry or physics, 
but the degree of scattering varies widely from one subfield to 
another. The findings concerning languages and scatter have 
important implications for biomedical research workers and 
for information services, such as libraries and abstracting-
indexing services. Concern over the "literature explosion," the 

1 This work was supported in part by Public Health Service 
Contract PH 43-62-167 of the Division of Research Grants with 
the National Academy of Sciences-National Research Council. 

2 This author's participation was supported by Public Health 
Service Grant GM-09166 from the National Institute of Genera! 
Medical Sciences. 

3 Present address: National Institute of Mental Health, Bethesda, 
Md. 

statistics of which seem to have been based 011 inappropriate 
data, has led to an overemphasis on volume as a factor in ihe 
communication problems of biomedical scientists and in the 
difficulties of information services attempting to serve their 
needs. 

THE "COMMUNICATION PROBLEMS" of scientists are often 
equated with "literature problems" in that the primary 
source of difficulty is assumed, explicitly or implicitly, to 
be changes in the characteristics of the scientific litera
ture—its volume, growth, form, content, or quality. In 
discussions of these problems, phrases connoting an acute 
threat, such as, "the publication explosion" or "the 
paper flood," are commonly employed; and assertions 
that scientific publication is deteriorating are frequent 
Quantitative data, however, are seldom introduced into 
these discussions except with regard to the volume and 
growth of the literature; and when such statistics are 
given, they rarely meet minimal standards for scientific 
data. Often the data sources are not identified; and 
operational definitions of what was measured, adequate 
descriptions of methodology, and statements of data 
limitations are usually lacking. 

In an effort to provide a better factual basis for any 
considerations of the communication problems of bio 
medical research workers, we undertook to gather reliable 
data and information on some of the characteristics of the 
literature that may affect these problems and to deter
mine how these characteristics have changed in the last 
few decades. The quality of the literature, i.e., its value 
to the scientists who use it, does not lend itself to objective 
measurements that would make possible valid compari
sons of the current biomedical literature with that of the 
past For this reason, we confined the present study to 
literature characteristics that are quantifiable or, at least, 
can be described in objective terms, e.g., volume, growth, 
dispersion, publication form, language, and geographic 
origin. In addition to studying the major literature forms 
familiar to the biomedical community, we attempted to 
assess similarly the technical report, a form relatively 
new to most biomedical scientists, and to compare the 
way technical reports are published, distributed, re-
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trieved and used W1th the handling of the traditional 
forms of biomedical literature. This paper summarizes 
our findings in the hope that they will be useful to the 
biomedical research community in evaluating proposed 
approaches and "solutions" to scientists' communication 
problems. 

DEFINITIONS AND APPROACH 

The scientific literature may be defined as all "formal" 
documents generated by the scientific community, i.e. 
those intended for general distribution, as contrasted to 
informal documents meant only for personal, intra

mural, or administrative distribution. If asked to classify 
this literature by form, a scientist usually names two 
major categories, "journals" and "books." He generally 
thinks of journals as periodicals that contain original or 
review articles and are issued more than once a year. 

00 are not characterized as precisely; the concept is 
commonly one of bound volumes, usually with hard 
covers, issued alone or in series. If his field is the physical 
sciences, a scientist will probably identify a third cate
gory, "technical reports," and define these as reports of 
research or development that are submitted to the finan
cial sponsor of the work and are distributed by the spon
soring organization as separate documents. Other forms 
of literature (theses, pamphlets, etc.) are usually lumped 
together in a "miscellaneous" category. Librarians make 
somewhat different and more precise distinctions. For 
example, they apply the term "serial" to all publications 
that are intended to continue indefinitely and are issued 
recurrently in parts under a common title. Journals, as 
defined by scientists, are serials; but the latter term is 
more inclusive, since it covers annual and less frequent 
periodicals, as well as nonperiodic series. Thus many 
publications that scientists think of as books are described 
by librarians as serials. 

In this study, when possible, we followed the scientist's 
classification scheme and definitions of literature forms. 
For some of the characteristics we were interested in 
however, the only available statistics were in terms of 
serials. Of the four broad categories of literature, we 
concentrated on journals and technical reports. Books 
received less attention; and the miscellaneous category 
which we refer to as "other forms," was treated very 
cursorily. ' 

The adjective "bibmedical" as applied to literature is 
difficult to define satisfactorily for a quantitative study 
such as this. Basically the choice is between defining 
biomedical literature in terms of the subject matter of 
documents, or on the basis of the scientists that use or 
generate the documents. Conventional definitions of the 
biomedical literature in general, or of the literatures of 
biomedical disciplines and subfields (e.g., physiology 
and infectious diseases), are subject-based, i.e., dependent 
on some explicit or implicit scheme of classifying knowl
edge. As conventionally defined, the biomedical literature 
includes all documents classified as relating to clinical 
medicine and to the preclinical sciences taught in medical 
schools. In addition, documents pertaining to any or all 

1 3 1 1  

of the following may be included, depending upon the 
defaner: pharmacy, dentistry, nursing, homeopathy, 
osteopathy, hospital administration, and veterinary 
medicine. Such subject-based definitions are useful for 
some purposes, but the aim of this study was to collect 
ata directly relevant to the literature problems of bio

medical research workers and of the information services 
that attempt to fill these scientists' needs. Ideally we 
wanted to analyze quantitatively the universe of docu
ments useful to the biomedical research community—the 
large and varied scientific population currently engaged 
m health-related" research, i.e., research similar to that 
supported by the National Institutes of Health (NIH).4 

ven if the members of this community could be classified 
neatly by subject or discipline, the scientific documents 
they find useful cannot. The biomedical literature as 
conventionally defined constitutes a part, but not all of 
a larger document universe useful to this population ' 

Although it is possible to study, by direct means, the 
entire body of literature useful to the biomedical research 
community,5 this ideal approach was not feasible for the 
present investigation; practical constraints dictated that 
the direct approach be postponed for future efforts with 
larger resources. Instead, we elected an indirect approach 
that explored two major parts of the total document 
universe in which we were interested. To assess some of 
the gross changes that have occurred with time, we used 
available sources of data on biomedical literature as 
conventionally defined. To assay the composition of cur
rent additions to this universe, we analyzed the docu
ments being generated by U.S. biomedical scientists. 
1 hese two basically different types of data are presented 
in separate sections of this paper. 

METHODS AND DATA SOURCES 

Specific data sources are identified as the data are 
introduced; and methods of collection and analysis, when 
these are not obvious, are usually summarized at the same 
time. Where further details are required to specify the 
methodology adequately, these are included in the 
appendix to this paper.6 It seems desirable, however to 
describe here the selection of data sources and the general 
procedures used for analyzing technical report literature 

4 For our purpose, this definition of biomedical research has 
two major advantages. First, it dynamically reflects changing re
search patterns. Second, the bulk of the scientist population en-

ft1ettlnand "T'MT" ** idcntifi=d> »' this country 2 ,he 
* The documents actually used by this population can be identi-

ed by analyses of citations, diaries of reading habits interviews 
questionnaires, etc. Potentially useful documents could be identi-
ed by giving biomedical scientists unfamiliar documents and 
tt'X T WhlCh thCy f°Und USeful for their research Every 
scientific document is, of course, potentially useful to some bio-

mustTe relative^' °f P°tendal 

Librtrv O^MIH- apKpendix can be borrowed from the National 
Library of Medicine by initiating an interlibrary loan request for-
Appendix to Orr, Richard H„ and Alice A. Leeds. Biomedical 
literature: volume, growth, and other characteristics. Federation 
Proc. 23: 1310-133 L 1964. reaeranon 
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and for sampling and categorizing the documents gen
erated by U.S. scientists. 

Collection of Data on Biomedical Literature 
Defined by Subject Classification 

The number of studies meeting our criteria for data 
sources was small. Most of the considerable number of 
published and unpublished reports on characteristics 
of biomedical and related literature consist either of esti
mates based on data that were not available for evalua
tion, or of observations for which the methods of sampling 
and analysis were inadequately described. Of the few 
reliable data sources we found, still fewer were suitable 
for assessing changes with time; because of varying 
definitions and methods, we could rarely be reasonably 
certain that data from different sources, or even from 
the same source but relating to different times, were com
parable. To supplement the sparse supply of "ready-
made" data, we analyzed comprehensive bibliographies 
for several biomedical subfields and also the most com
plete of the available lists of periodicals classified as 
biomedical. 

For technical reports, in addition to reviewing previous 
studies, expressions of scientists' opinions, and the policies 
and practices of governmental agencies, we collected and 
analyzed data on those reports that might be classified 
as biomedical. All 1962 issues of the following periodicals, 
which list or "announce" technical reports as they are 
made available, were examined: Technical Abstract Bulle
tin (issued by the Defense Documentation Center of the 
Department of Defense, formerly the Armed Services 
Technical Information Agency); Xuclear Science Abstracts 
(Atomic Energy Commission); Technical Publications An
nouncements (National Aeronautics and Space Administra
tion); and U.S. Government Research Reports (Office of 
Technical Services of the Department of Commerce). 
Each of these announcement periodicals arranges the 
titles of technical reports (with or without abstracts) 
under subject headings. All reports listed under certain 
headings were considered to be biomedical. The headings 
used for analyzing each periodical are given in the 
appendix (see footnote 6). Documents other than tech
nical reports that were listed in these periodicals (e.g., 
theses, journal articles, reports of foreign work, and 
government publications other than reports of research) 
were excluded from the count. In the Technical Abstract 
Bulletin, which is the only one of these periodicals that 
lists security-classified as well as nonclassified reports, 
any stated restrictions on the distribution of individual 
reports were also noted. In one issue of U.S. Government 
Research Reports (January 1962, Vol. 37, No. 1), the 
purchase price and number of pages for each biomedical 
report were recorded. 

Collection of Data on Biomedical Literature 
Defined by Generators 

For samples of the documents currently being genera
ted by biomedical scientists, we used all the documents 

listed in the annual bibliography of NIH staff foi 1961 
(24) and in the NIH Research Grants Index, Fiscal 1 ear 
ig6s (23). The samples established by these two lists 
represent the equivalent of a full year's document output 
for the NIH intramural and extramural research pro
grams, respectively. Each document listed in these author 
bibliographies was tabulated by the title of the publica
tion in which it appeared. These publication titles were 
then checked in standard bibliographic references and 
categorized as journals, books, technical reports, or 
"other forms" by the definitions adopted for this study. 

FINDINGS RELATING TO BIOMEDICAL LITERATURE 

AS CONVENTIONALLY DEFINED 

Serial Literature 
Total number of biomedical serials. Table 1 compares the 

figures for the world total of "substantive"7 biomedical 
serials given by (or derived from) all the comprehensive 
studies and compilations since 1950 that meet the criteria 
of employing a roughly comparable definition of the 
biomedical literature and of making a systematic effort 
to ascertain whether each serial counted was "alive," 
i.e., still being published. For any reliable data on the 
number of serials extant at a given time, the latter cri
terion is critical, since the turnover in biomedical serials 
was rapid during the decade, 1950-1960.8 The preface 
to the third edition (1961) of World Medical Periodicals 
states that 130 serials listed in its second edition (1957) 
were dropped from the new edition and that 1,130 new 
ones were added, all of which did not live until 1961 (45). 
Our analysis of the publications listed in Biomedical 
Serials, ig$o-ig6o (28) indicates that, of all serials alive 
in 1950, more than one-third had died by 1961; and 
during the same period, roughly the same proportion of 
the serials born after 1951 also died.9 

7 Brodman and Taine define a substantive serial as one that is 
"indexable" and characterize "nonsubstantive" serials as those 
containing "merely news items, abstracts, statistics, and other 
nonsubstantive miscellany" (6). The footnotes to Table 1 indicate 
that the use of this term varies somewhat from one bibliographer 
to another. 

8 A serial "dies" when it either ceases publication or is absorbed 
into a pre-existing serial. In 1879, Billings gave the total number 
of "medical journals and transactions" then alive as 850 (3). For 
the first half of the 20th century, however, data meeting our 
criteria are lacking. A recent study (9) gives figures on the number 
of U. S. medical serials existing at various times in the last two 
centuries, but the data are not comparable with those in Table 1. 
They were obtained by tabulating the founding dates of all medical 
serials in an authoritative compilation that listed only those U. S. 
serials alive sometime during the period 1950-1953 (personal 
communication from author). The many U. S. journals that had 
been born and had died before 1950 could not be included in the 
tabulation of founding dates; therefore, for years prior to 1950, the 
resulting figures do not represent all the serials that were alive 
in the given year. The data are unsuitable for determining either 
the growth in the number of living U. S. biomedical serials or the 
rate at which serials were born in the past. 

9 More refined analyses of death rates seem to show that 
mortality rates of newly founded serials are higher than those of 
older ones. Calculations of birth and death rates, and examples of 
foreign and U. S. serials that were born or died during this period, 

are given in the appendix to this paper (see footnote 6). 



November-December ,964 BIOMEDICAL LITERATURE 

TABLE I. Number of substantive biomedical serials extant in given years during past decade 

I3 I3 

Data Source 

Welch Medical Library Project (17) 
Brodman and Taine Study (6) 
World Medical Periodicals (45) 
Biomedical Serials, rgyo-ig6o (28) 

1950-1951 

4,454* 

5>323b 
3.498J 

3,879t 
4,36°§ 

I960-I961 

5,803" 

5>7n" 

substantive" is usually applied only to serials containing "indexable" material the fi Prlor to the given time. Although the term 
for.'9?7 by ^ Brodman ZiTainJ.md,) 

IS project ran from 1948-1953, but it is reasonable to assume that its report generally reflected the status in inm-mr, Th' 

and 'hi d e x in gCp e r i o d ica 1 s ̂  rf whfchwerenoleT toVublSh loit" ongmal'or rev^l papers C°mPilati°ns> and 3°' abstracting 

T&ZZ 

ussirz, "*• F" ""°b ,n •£*? % 
Although each of the studies and compilations cited 

in this table represents a major effort to include all ap
propriate serials and to identify all those that had died, 
the resulting data are conflicting. There are marked 
discrepancies between figures for a given year; and if each 
data source were considered equally reliable, it would be 
difficult to determine how rapidly biomedical serials 
increased during the 195o's. The inherent vagaries of any 
subject classification by different individuals, or even by 
the same individual at different times, explains some of 
the discrepancies. Since "nonsubstantive" biomedical 
serials number in the thousands (6, 17), slight differences 
in the interpretation of the term "substantive" can ac
count for material variations. Finally, any such effort is 
biased by the library collections and the earlier biblio
graphic compilations used. The important effect of guid
ance by prior compilations is suggested by the decreasing 
differences between figures from different sources. In 
195°, no recent compilations of biomedical serials were 
available and the difference is greatest; whereas, for the 
two 1960-1961 efforts, which agree closely, four earlier 
compilations could be utilized. 

For these reasons, only the figures for 1950—51 and 
1960-61 that are derived from a single source, Biomedical 
Serials, iggo-ig6o, are reliable for assessing change. This 
compilation had the benefit of all previous efforts, and 
we can be certain that the critical interpretations of 

biomedical and "substantive" for serials extant in 1950 
and in i960 were made by the same individuals at the 
same time. From these two figures, it can be seen that 
the increase in the number of biomedical serials during 

TABLE 2. Changes in thickness of one year1s issues of a 
sample of well-established biomedical serials 

Year 

i946 
'951 

'956 
1961 

Total Thickness 
All no Serials 

in Sample (cm) 

432.0 
444.6 
502.2 
527-5 
555 

Average 
Thickness 

(cm) 

3-9 
4.0 
4.6 

4.8 

5-o 

j Increase in Decade 

I94 I - I95 I  16 

1951-1961 II 

These data were supplied through the cooperation of Dr. Vern 
M. Pings, Medical Librarian, Wayne State University School of 
Medicine. This school's library currently receives over 1 ,131 
serials (19) and has complete bound-volume sets for 351 U.S. 
and foreign serials from 1940 to the present. Advertising pages 
except where interspersed with text pages, are removed before 
binding. From an alphabetical list of the 351 serials, a sample of 
every third title was taken; and the thickness of the issues for 
'941, '948, I951, '958, and 1961 was measured across the top of 
the bound volumes of the sample titles, excluding the thickness 
of the covers. At the time of measurement, one or more volumes 
of some sample serials for the selected years were not on the 
shelves; however, measurements of 110 serials could be made for 
each of the selected years. The primary data and a list of journals 
in the sample are given in the appendix (see footnote 6). 

the last decade was at most 7.3 %.i° Although, in the 
average year, several hundred new serials were started, 
births were largely offset by the demise of existing publi
cations; and the average net gain was less than 38 serials 
a year. 

10 If all the serials for which the data source had only indefinite 
founding dates (a total of 185), were founded in 1950 or earlier the 
percentage increase for the decade would be only 3.5%. 
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Physical growth of serial literature. Measurement of the 
shelf space occupied by bound serials provides statistics 
of practical importance to libraries that can also be 
used for assessing the growth of serial literature. By 
comparing the thickness of bound volumes of a sample 
of serials in different years, changes in the amount of ma
terial published by established serials may be evaluated. 
Table 2 indicates the changes, over the past two decades, 
in the average thickness of a year's issues of older bio
medical serials found in an academic library. From these 
averages for a sample, the total shelf space required for 
the 1941 issues of all comparable serials in this library 
can be calculated as about 14 meters; whereas, the 1961 
volumes of the same journals take 18 meters, an increase 
of about 13% over the 20-year period. The group of 
serials sampled is not representative of the world's bio
medical serials; however, it is likely that the observed 
rate of increase is a fair approximation of the physical 
growth of well-established serials that are used with 
some frequency by U.S. biomedical scientists.11 

The entire substantive serial collection of the National 
Library of Medicine (NLM) measured about 26,000 

linear feet in 1962; 32 % of this shelf space was taken by 
material published in the previous 16 years, and 68% by 
material published before 1946 (27). These figures indi
cate a doubling time of about 30 years for the collection, 
or a simple increase of roughly 30 % each decade. This 
rate can be considered a close approximation of the over
all physical growth rate of the world's biomedical serial 
literature, as conventionally defined, averaged over the 
centuries.12 The NLM data reflect both the growth in 
the number of serials and in the thickness of these serials; 
whereas, the academic collection data in Table 2 isolate 
the latter factor. 

If one assumes that the shelf space occupied by a 
sizable group of serials is roughly proportional to the 
number of papers they publish,13 the academic collection 
data may be used to estimate average rates of increase in 
the number of papers published by older U.S. and foreign 
serials that have special merit in the eyes of academic 
users (see footnote n). Likewise, the linear growth of 
NLM's serial collection may, with appropriate reserva
tions, be viewed as an indirect measure of the rate at 

11 First, for the measurements desired, only serials at least 20 
years old could be used. Second, it cannot be assumed that these 
serials are typical of all older periodicals, since the collection of any 
biomedical library, with the exception of NLM, is a selection of the 
world's biomedical literature based on judgments of relative utility. 
In 1961-1962 the library that cooperated in this study received 
1,131 (19) of the more than 5,700 existing biomedical serials. 

12 NLM probably has the world's most complete collection of 
biomedical literature of all ages. Like most biomedical libraries, 
however, NLM does not confine its collection strictly to material 
conventionally classified as biomedical (6) (see page 1325 for a 
discussion of libraries' collection policies). 

13 The source of the data on NLM's serial collection (27) states: 
"Limited sampling indicates that such factors as increasing usage 
of thinner papers and type packing, as well as variant ratios of 
original articles to special features and advertising, would not sub
stantially affect estimation of growth by linear footage measure
ment for the particular time periods studied." 

which papers are accumulating in the world's biomedical 
serial literature. 

Xumber of biomedical papers. No one has actually counted 
all the papers published by all biomedical serials in a 
year; and only one of the recent estimates was based on 
methods that meet minimal standards for reliability. 
Brodman and Taine systematically sampled all the 
serials arriving at NLM and estimated that papers pub
lished in 1957 by the world's substantive biomedical 
serials totaled about 220,000; U.S. serials accounted for 
54,000 (6).14 The only comparable and reliable figure we 
found for any year prior to 1957 was Billings' estimate of 
20,000 as the world's production of biomedical papers 
in the year 1879 (3). The annual production of papers 
increased roughly io-fold in the 78 years between the 
two data points we have. Data suitable for direct deter
mination of the rates of increase for periods in the re
cent past are lacking for U.S. serials as well. Shilling 
(37) recently analyzed the contents of 100 selected U.S. 
biological journals in 1950 and in i960; 61 of the 100 
journals can be classified as biomedical since they are 
indexed by Index Medicus. His data show that these 61 
U.S. biomedical journals contained a total of 7,195 arti
cles in 1950 and 9,321 in i960, a 31 % increase over the 
decade. Although this number of articles is a significant 
fraction of all U.S. biomedical papers, Shilling's data 
cannot be generalized either to world or to U.S. bio
medical serials. The journals in his sample were not 
selected as representative of U.S. biomedical serials (37); 

they were examples of older, relatively large, national 
journals, oriented toward research.15 

Length of papers. Appropriate data for assessing changes 
in the average length of biomedical papers typical of the 
world's literature were not found. Shilling's study (37) 
indicated that the average length of articles in his sample 
of U.S. biomedical journals decreased from 8.1 pages in 
'95° to 6-7 pages in i960. How much of this decrease can 
be attributed to greater brevity, and how much to print
ing more words per page, cannot be determined from his 
data. Replicable word counts on scientific publications 
in which considerable graphic and tabular material is 
interspersed with text are difficult to make; and only one 
study has reported reliable data on adequate samples of 
journals in various fields of science (29). This study found 
that from 1949 to 1959 the average number of words per 

14 The authors state: ". . .We have used the maximum counts to 
be certain that we have not erred on the side of underestimation. 
Furthermore, no deductions have been made for the considerable 
quantity of articles in journals in such nonclinical fields as general 
science, general biology, and psychology which would .. . not have 
been indexed in a general medical index." About 12% of the papers 
they counted were in serials issued less frequently than annually; 
therefore, the 1957 production of what we would consider journal 
articles was closer to 195,000. 

13 Among the criteria for the selection of these journals was that 
they existed in 1950. In i960, 94% of the articles in the 61 bio
medical journals were reports of sponsored research (31) Whereas 
these journals published an average of 118 articles each in iq=,o 
and 153 articles in i960, the average for the world's biomedical 
serials in 1957 was 58.., and the average for all U. S. serials in the 
latter year was 62.6 (6). 
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page in U.S. biological journals increased from 618 to 
702 (14%). U this finding holds for biomedical journals 
of the type Shilling studied, the average number of words 
per article in his sample remained about constant, or 
decreased slightly, from 1950 to I960. 

Spot checks of the last 20 years' issues of a number of 
foreign and U.S. serials indicate that the use of various 
strategems for printing materially more words per page 
has been, a) more common among U.S. than foreign 
journals, b) mainly a post-igjo development, and c) 
generally restricted to journals that print relatively 
large numbers of copies (usually 10,000 or more).16 For 
the relatively large, U.S. biomedical journals in Shilling's 
sample, word "packing" may have resulted in some 
change in the ratio of articles to shelf space since 1950; 
but, for the world's biomedical serials in general, most 
of which are small and are published in foreign countries 
(6), it seems unlikely that this development would have 
materially affected the validity of shelf space as a meas
ure of the growth in number of papers. (See footnote 12 
for a discussion of other mechanical factors that may 
influence shelf space.) Any world-wide trend toward 
brevity, however, would certainly affect this measure of 
growth. 

Geographic and language distribution. The countries and 
languages accounting for the most biomedical serials 
and papers are shown in Table 3; the same six countries 
published almost two-thirds of all biomedical serials in 
both 1950-1951 and 1957. The rank order of these 
countries based on percentage of all biomedical papers 
is somewhat different than that based on percentage of 
all biomedical serials. Since the data for 1950-1951 and 
'OI '957 are from different sources, the significance of 
the apparent decrease in the relative importance of the 
L nited States as a publisher of biomedical serials cannot 
be judged from these figures. Our analyses of titles in Bio
medical Serials, 1950—1 g6o, however, show no change from 
1950 to I960 in the ratio of U.S. to all biomedical serials; 
in both of these years the U.S. published close to one-
fifth of all biomedical serials.17 

The only notable change between the language pat
tern in 195°"'951 ancl in 1957 is an apparent trend 
away from English. Again, because different data sources 
are involved, the question of significance cannot be 
settled; and in this case, we have no independent check. 

Types of papers. Table 4 compares the number of papers 
listed in a comprehensive bibliography of biomedical 
reviews with the total number of papers indexed during 
the same period by the Current List of Medical Literature 

1S These observations can all be explained by the economics of 
printing. The last impression is supported by the study that re
ported word-counts (29); engineering journals had the highest cir
culation of any group of scientific journals (average 8,845 ln ' 959) 
and had the highest word-count per page (1,155). 

17 Of the 5,711 serials listed in this compilation as alive in i960, 
20% (1,159) were published in the United States; the percentage 
for serials alive in 1950 was similar. These figures are significantly 
lower than the percentages found in earlier studies (Table 3) and 
may indicate that foreign journals were somewhat underrepre-
sented in those studies. 

I3i5 

TABLE 3. Distribution of biomedical serial literature 
by country of publication and language 

Country 
United States 
Italy 
France 
Germany 
Great Britain 
Japan 
Language 
English 
Spanish 
German 
French 
Italian 
Japanese 

1950-1951 1957 

% of AH 
Serials 

Rank 
Order 

% of All 
Serials 

Rank 
Order 

% of All 
Papers 

Rank 
Order 

28 I 23 I 24 I 
7 2 IO 2 8 5 
7 2 8 4 10 3 
7 2 9 3 12 2 
7 2 7 5 7 6 
5 3 4 6 9 4 

44 I 38 1 37 1 
•3 2 10 3 6 5 
9 3 11 2 •3 2 
9 3 11 2 11 3 
7 4 10 3 8 4 
4 5 4 4 8 4 

Percentages are based on the total numbers of biomedical 
serials and papers analyzed by the respective studies. All figures 
are rounded to nearest per cent. Data sources: For 1950-1951, the 
Welch Library Project (17), 4,454 serials analyzed, the percentages 
given here for language distribution are for serials in only one 
language (total 4,117); this study did not give a breakdown by 
papers. For 1957, Brodman and Taine (6), 3,597 serials and 
approximately 139,000 papers analyzed. 

(CL), or its successor, Index Medicus (IM).18 The ratio of 
reviews to all papers appears to have increased over the 
period 1955 to 1962. If the serials covered by these index
ing services were representative of all biomedical serials 
with respect to this ratio, and if these services had covered 
the same percentage of the world's biomedical papers 
throughout this period, one might conclude that the 
ratios shown held for all biomedical serials, and that the 
proportion of review papers had increased significantly. 
In view of the marked selectivity of these services, the 
first condition cannot be assumed. In 1957, CL covered 
39% (U5°8) °f all substantive biomedical serials, but 
these serials carried almost 50% of all biomedical papers 
(6); if the proportion of review papers is related to the 
size and frequency of a serial, the first condition is 
violated. The second condition is likewise not met since 
the evidence suggests that the comprehensiveness of 
Index Medicus coverage has increased materially in recent 
years (32). On the basis of the present data, a conclusion 
that proportionately more review papers are being writ
ten is not justified. 

Of the reviews listed in vol. 7 of the Bibliography of 
Medical Reviews, roughly half could be classified as 
"research-oriented" and the other half, "practice-
oriented."19 About 41 % of the reviews listed in vol. 8 
were in English, and 29% were from U.S. journals (11). 

18 Similar comparisons for the literatures of other broad fields 
of science show that the proportion of review papers is currently 
about 1 % in physics, 2% in astronomy, and 6% in chemistry (11) 

19 A random 20% sample of the titles of the review papers was 
examined. When the title left doubt as to the proper classification 
the general orientation of the journal in which the paper appeared 
was appraised. The 50-50 division we noted agrees well with an 
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TABLE 4. Changes in the ratio of review papers to all 
biomedical papers indexed , 

Bibliography 
of Medical 

Reviews 

Vol. Vol. 
no. year* 

•956 

2 >957 
3 '958 

4 '959 
5 i960 
6 1961 

7 1962 
8 1963 

Total No. Review 
Papers Listed 

in BMR 

1,075 
2,000 
2,885 (587) 
3,241 (434) 
2,382 (338t) 
3,3°° (n-a-) 

4,800 (n.a.) 
6,633 (1,214) 

No. of Re
view Papers 

in Serials 
Covered by 
CL or IM 

Total No. 
Papers 

Indexed by 
CL or IM 

1,075 
2,000 106,623 
2,268 104,588 
2,807 114,214 
2,044t 107,042 

125,000 
140,000 

5>4'9 145,786 

4 
Ratio of 
Review 

Papers to all 
Papers 
Indexed 

[Column 2 
Column 3I 

1.0% 
1 -9% 
2.2% 

2.5% 
1 -9%t 

3-7% 

BMR = Bibliography of Medical Reviews, CL - Current List of 
Medical Literature, 1M = Index Medicus (successor to CL). Column 
1 gives the total number of review papers listed in the given 
volume of BMR (Data sources: for vols. 1-6, preface to vol. 6; for 
vols 7 and 8, prefaces to the respective volumes.) With vol. 3, 
the compilers of BMR began scanning, for review papers, se
lected serials not covered by CL or IM (25); the parenthetical 
figures represent the contributions made to the respective 
totals by review papers in serials not covered by CL or IM 
(Data sources: NLM Annual Reports for fiscal years 1958 to 1963 
no figures given for BMR vol. 6 and vol. 7.) Column 2 is derived 
from column 1 by subtracting the parenthetical figures when 
present. Column 3 gives the total number of papers indexed by 
CL or IM during the calendar year preceding the give" ™lume 

year of BMR (Data sources: for 1955-1960, preface to BMR vol. 
6 for .961 and 1962, ref. 27.) Until September 1961 review 
papers ihserials not covered by CL or IM were not indexed by 
these services (26). 'This is the year the volume was issued, 
each volume covers the literature processed by NLM during 
the calendar year preceding its volume year. A given volume 
however, contains papers published in several years, e.g., 
all papers listed in vol. 8 (issued in 1963), 5/0 were published 
in i960, 49% in 1961, and 44% in 1962 (n). t The paren
thetical figure in column 1 is an incomplete count based on 
2,068 of the 2,382 papers listed in vol. 5; therefore, the derived 
figure in column 2 is probably a little high, as is the per cent in 
column 4. 

Books 
In 1962 and 1963, U.S. production of "technical" 

books in biomedicine (i.e., books intended for scientifi
cally trained readers) averaged about 480 new books 
(or new editions) annually.20 Available statistics are 

independent assessment by Fix, who analyzed a random 4% sam
ple of papers listed in Vol. 8 of the same publication and found that 
about 42 % of the reviews were ' 'clinically oriented and 56 % were 

"preclinical" or "research-oriented" (11). 
2° This average was established by analyzing the books listed in 

Stacey's Medical Books in Print. A Select List, 1963-1964 (Palo Alto, 
California: J. W. Stacey, Inc., 1963). This bibliography is con
sidered reasonably comprehensive for the English-language tech
nical biomedical books that are "in print." Books by foreign 
publishers, and by specialized U.S. publishers known to handle 
primarily imported books, were excluded in counting. The U. b. 
books listed for ,960, .96., .962, and ,963 totaled 271, 3- 477, 
and 491, respectively. We have assumed that any book published 
in .962 or .963 would still be in print at the time this list was 
compiled; the counts for .960 and .961 undoubtedly do not 
include numerous books published in those years but no longer in 

print by 1963-

unsuited for establishing the current worid production 
rate for technical biomedical books and for assessing 
trends in production rates over the past few deca . 
In 1920, U.S. production of all books classified under 
"medicine and hygiene" (both popular and technical) 
totaled 207 (new books or new editions) 3'8 m 93°, 
472 in .94°, 443 i" >95° (f)> the figure for .960 (776) 
is not comparable to those for earlier years (41). It the 
ratio of technical to popular medical books remainec 
constant from 1920 to 1950 (which seems doubtful in 
view of increasing public interest in medical subjects), 
U.S. production of technical biomedical books increased 
by 38% over three decades, or roughly 1 % per year. 

Data on NLM's collection of monograplis can be used 
for a crude estimate of the rate at which the world s 
biomedical book literature is growing; however, since 
NLM collects popular as well as technical books, the 
same assumption of a constant ratio of technical to popu
lar books is required. Two additional assumptions are 
necessary: that the subject scope of NLM's acquisition 
policy has not changed,22 and that the completeness of 
the collection is uniform for books of various ages. As 
of June 1963, NLM held 88,645 bound monographs 
dated 1801 to 1913, and 169,894 dated 1914 to 1963 
(27); if the assumptions are reasonably valid, the number 
of technical biomedical books published in the last 50 
years is somewhat less than twice the number published 
in the entire 19th century plus the first decade of this 
century. Given that the growth rate was uniform in the 
19th and 20th centuries, this would mean that the ac
cumulation of biomedical books has been doubling about 
every 32 years. In contrast, during the same period, the 
shelf space occupied by NLM's book collection has 
doubled every 25 years (27). It would seem that in the 
20th century biomedical books have become more bulky. 

Technical Reports 

History. The issuance and distribution of research re
ports by the sponsors of the work reported is a publication 
method that has been practiced for centuries by private 
(both nonprofit and commercial) and governmental 
institutions. Not until the past few decades, however, 
has the term "report literature" come into common use 
to differentiate this type of publication from other non-
periodic forms of literature, which are issued and distrib
uted by professional societies or by nonprofit and com
mercial publishers. During this period, research by 
government scientists, and by scientists working in pri
vate institutions under government contract, expanded 
markedly. For various reasons, which will not be re-

21 Since 1959, the major source for statistics on U.S. book pro
duction, Publisher's Weekly, has used the Dewey Decimal Classifica
tion System, in which "medicine and hygiene" are assigned num
bers 61 o to 619 (4); this category is broader than the one used prior 
to 1959. 

22 In recent years at least, this policy has been changing, and the 
subject scope has broadened somewhat to include certain subject 
areas outside the biomedical field as this is conventionally defined 
(25, 27)-
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viewed here, the results of much of this government-
sponsored research, particularly that supported by 
agencies23 associated with the defense effort, have ap
peared as technical reports distributed largely through 
government channels. The predominance of government 
sponsorship of the work reported in this form has led 
many scientists to equate technical reports with docu
ments issued and distributed by governmental agencies, 
but distinguished from other types of government publi
cations in that technical reports are accounts of research 
and development, rather than educational material, re
ports of administrative activities, etc. It is the govern
ment-distributed type of technical report that we studied. 

The technical report "system." A number of government 
services have developed to process (i.e., collect, an
nounce, store, and retrieve) this form of literature. The 
issuing agencies and their processing services constitute 
a system that performs for report literature much the 
same functions as the system of traditional publishers, 
abstracting-indexing services, and libraries perform for 
journals and books. In the main, these two parallel 
systems operate in relative isolation from each other. 

Practices and policies differ somewhat from one 
governmental agency to another, but a general pattern 
for handling technical reports can be described. The 
investigator, whether a government employee or a con
tractor, submits his report to the agency that sponsored 
his work. There its scientific quality may be reviewed, 
and the necessity for restricting its distribution for secur
ity or other reasons is considered. After approval, copies 
are reproduced and distributed to standard lists of 
recipients.24 This primary" distribution also provides 
copies for the depositories or document centers desig
nated by the sponsoring agency. The main depository 
abstracts the report (if the investigator did not furnish an 
abstract), categorizes it by subject matter, and announces 
its availability in a periodical that covers the documents 
generated by, or of interest to, the scientists supported by 
the given agency. 

Three agencies account for the bulk of technical re
ports on government-sponsored work: Department of 
Defense (DOD), Atomic Energy Commission (AEC), 
and National Aeronautics and Space Administration 
(NASA).25 Each of these agencies has established a large, 
centralized service for handling technical reports and 
other types of documents containing the results of re
search and development. The three services evolved in-

-3 The term "agencies" is used here to mean governmental units 
of all sizes. 

24 In government research contracts, the reporting requirements 
are usually specified, including the format and the number of 
copies to be furnished to the sponsoring agency and to be dis
tributed by the investigator's institution to recipients on standard 
lists supplied by the agency. 

26 The Department of Agriculture also supports work that gener
ates considerable numbers of technical reports. These are collected 
by the National Agricultural Library and announced in the Bibli
ography of Agriculture, an indexing service that also covers the world's 
periodical and book literature on agriculture and related sciences. 
Copies of the reports announced are available from the National 
Agricultural Library on a prepaid basis. 

J 3 1 7  

TABLE 5. Number of biomedical technical reports announced in 
1962 issues of TAB, NSA, TPA, and USGRR 

Sponsor of Research Reported 

Department of Defense* 
Atomic Energy Commission f 
National Aeronautics and Space Administration! 
Other § 

Total 

No. 
Reports 

93° 
525 
117 
43 

1,615 

The subject headings used to identify the biomedical reports 
in each of the four announcement periodicals are given in the 
appendix (see footnote 6). Reports listed in more than one of 
the announcement periodicals were counted only once. The 
given agency's own announcement periodical was used as the 
authority for the total number of biomedical reports attribut
able to its sponsorship of research and development. * The 
figure for DOD represents the total number of DOD-sponsored 
biomedical reports listed in the "unlimited" document (no 
restrictions on distribution) and in the "limited" document 
(restricted distribution) sections of TAB• these two sections 
listed 609 and 321 reports, respectively. f Only reports 
listed in NSA and designated as AEC-supported. J Only 
reports listed in TPA and designated as NASA-supported. 
§ Reports announced in USGRR that were sponsored by govern
ment agencies other than DOD, AEC, and NASA; included here 
are also reports with joint sponsorship, e.g., Armed Forces-
National Research Council, Navy-Public Health Service, Federal 
Aviation Agency-NASA-Air Force, and a few unsponsored reports 
issued by private research organizations. Data sources: Analyses of 
all 1962 issues of TAB, NSA, TPA, and USGRR (see "Methods 
and Sources"). 

dependently and are oriented primarily to the missions 
of their respective agencies. 

Eligibility for special report services. An individual who is 
eligible for the extensive information services maintained 
by these agencies can, without charge, obtain copies of 
specific reports and can request searches of the deposi
tory's collection for any documents relevant to his work. 
Those who are ineligible for these special services may 
purchase copies of technical reports from the Office of 
Technical Services (OTS), which will also perform 
searches for a fee. A summary of the operations of each 
of these four technical report services is given in the 
appendix (see footnote 6). 

At present, all investigators and organizations engaged 
in government-supported research are eligible for the 
special services provided by DOD, AEC, and NASA. 
In the past, the eligibility of grantees of the U.S. Public 
Health Service has not always been recognized, particu
larly with regard to the DOD report service; however, a 
recent directive has clarified their eligibility for the 
latter service. 

A umber of biomedical technical reports. Table 5 gives the 
number of biomedical reports that were listed in the four 
major report announcement periodicals during 1962 that 
may be classified as biomedical; the periodicals are the 
Technical Abstract Bulletin (TAB), Nuclear Science Abstracts 
(NSA), Technical Publications Announcements (TPA), and 
U.S. Government Research Reports (USGRR), issued by 
DOD, AEC, NASA, and OTS, respectively. Since, of 
these announcement periodicals, only TAB covers classi-
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TABLE 6. Comparison of the number of biomedical reports 
announced in 1962 by the sponsoring agency in its own 
announcement periodical with the number of the agency's 
reports announced in 1962 by OTS in USGRR 

Sponsor of Research Reported 

1 
No. of 

Reports 
Announced 

by Sponsoring 
Agency 

2 
No. of Agency's 
Current Reports 

Announced 
by OTS* 

Department of Defense 93° 609 (983) 
Atomic Energy Commission 525 '93 
National Aeronautics and Space "7 39 

Administration 

Totals i,572 84' (1,215) 

* In addition to "current" reports (issued in previous few years), 
OTS also announces some older reports. The parenthetical 
figures give the total number of biomedical reports listed in 
1962 issues of USGRR and include the older military reports 
listed in the section, "Non-Military and Older Military Re
search Reports." These are reports that had been declassified 
that year or that, for other reasons, had not been listed in 
USGRR earlier. During 1962 OTS announced several hundred 
reports of the Naval Medical Research Institute that had been 
issued in the 1940's and 1950's; these reports account for most 
of the difference (374) between the figures for current reports 
and parenthetical totals. Data sources: For column I, see foot
notes for Table 5; for column 2, analyses of all 1962 issues of 
USGRR (see "Methods and Sources"). 

fied reports, the figures for agencies other than DOD 
represent only nonclassified reports. No check was made 
of the government reports listed by the U.S. Government 
Printing Office to see whether OTS announced all of 
these documents that could be considered biomedical 
technical reports. Therefore, it is possible that some tech
nical reports of biomedical interest sponsored by agencies, 
such as the Bureau of Mines, the Fish and Wildlife Serv
ice, and the Bureau of Standards, were missed. A few 
reports of biomedical research supported by the Depart
ment of Agriculture were announced in the "nonmili-
tary" section of USGRR, but a systematic review of the 
Bibliography of Agriculture would undoubtedly have dis
closed more.26 If the aggregate number of biomedical 
technical reports not covered by the four major an
nouncement periodicals used to compile Table 5 is 
estimated at 200, and classified reports of work sponsored 
by AEC and NASA are estimated at an equal number, 
the total production of both classified and nonclassified 
biomedical technical reports was around 2,000 for the 
period covered by 1962 issues of these announcement 
periodicals.27 

26 Government-sponsored agricultural research generated about 
5,000 documents in fiscal year 1961; approximately 10% (500) of 
these were technical reports by our definition (40). 

27 Only about 20% of all AEC reports are classified (40); if this 
ratio holds for biomedical reports, then it seems unlikely that all 
such classified reports of both AEC and NASA totaled more than 
200 documents. Because of the delay between the issuance of a 
technical report and its announcement (see discussion page 1324), 
the total of 2,000 does not represent production during the calendar 
year 1962. 

TABLE 7. Restrictions on distribution of DOD biomedical 
reports announced in 1962 issues of 7 AB 

Total no. of DOD reports announced in TAB 930 (1001 < ) 

No restrictions on distribution* 609 '®5 1 ' 
Some restrictions on distribution! 321 '35 * 1 

Restrictions for security (i.e., classified re- 14 (2*c ' 
ports) 

Restrictions for other reasons 3°7 '33 < 

* Listed in the "unlimited" document section of / AB, which 
is reproduced in USGRR. Only reports listed in I 'SGRR arc 
available to any U.S. and foreign scientists through OlS and, 
can, therefore, be considered to have no restrictions on distribu
tion. t Listed in the "limited" document section of TAB, 
indicating that distribution is restricted in some way. 1 hese 
reports are not listed in USGRR and are not made available 
through OTS. Data source: Analyses of all 1962 issues of I AB 
(see "Methods and Sources"). 

Restrictions on distribution of biomedical reports. Table 6 
compares the numbers of biomedical reports sponsored 
by DOD, AEC, and NASA, and announced in 1962 by 
their respective announcement periodicals, with the 
numbers of these agencies' reports that were listed in 
USGRR. Only the latter were available through OTS to 
all scientists regardless of their eligibility for the special 
report services of DOD, AEC, and NASA. The difference 
between the two sets of figures is a rough measure of the 
practical barriers to the use of these documents by the 
entire scientific community.28 Since none of the AEC 
and NASA reports enumerated here was classified, con
siderations of national security cannot explain the dif
ferences shown for these two agencies. Whatever the 
reasons, the fact that OTS did not handle a higher per
centage of AEC and NASA reports means that about 
two-thirds of their reports were not practically available 
to the general scientific community. 

Table 7 analyzes the restrictions on distribution of 
DOD reports. For 25 of the 307 nonclassified DOD re
ports listed in the "limited" document section of TAB, 
the entry included some explicit restriction, such as, 
"no automatic release to foreign nationals"; the entries 
for the remainder of the reports tabulated here under 
"restrictions for other reasons" included no specific 
statement of restrictions. 

Copyright infringement is seldom a problem with 
technical reports; therefore, it must be assumed that 
other considerations determined the restrictions that arc 
automatically imposed when an agency does not release 
documents to OTS. In an effort to avoid unnecessary 
restrictions,29 the following criteria for deciding when 

28 Some of the difference between the number of reports an
nounced by sponsoring agencies and the number listed by OTS 
might be explained as an artifact, in that the categories selected for 
counting biomedical reports in USGRR did not, in all cases, corre
spond exactly with those used for counting in TAB, NSA, and 
TP A. This explanation does not hold for current DOD reports at 
least, since the section of USGRR listing such reports is identical 
with the "unlimited" document section of the corresponding issue 
of TAB. 

29 A 1962 report to the President's Special Assistant for Science 
and Technology states: "We must mention our concern that the 



November-December ig64 BIOMEDICAL LITERATURE 

limiting the distribution of a DOD report may be justi
fied were recently specified: "when necessary in the 
interest of security, to protect corporate rights not pro
tected by patents, to protect the proprietary rights of the 
Government, to minimize the liability of the Government 
01 its employees, or for ethical reasons such as a protection 
of information regarding the relative merits of commer
cial products." (42). 

Length and price of reports available through OTS. The 
average length of the 45 biomedical reports listed in one 
issue of USGRR was 43 pages (range, 2 to 273 pages). The 
average OTS price for a full-sized copy of these reports 
was $5.21 (range, $0.50 to $17.50) or 12 cents per page 
(range, 2 to 55 cents). Microfilm copies cost 4 cents per 
page for the first 20 pages, and 3 cents for each page over 
20. 

Fate of technical reports as regards journal publication. Of the 
239 biomedical technical reports listed in the Current List 
of Medical Literature during the 6-month period, October 
1950-April 1951, less than one-quarter had appeared as 
journal articles by 1953 (7). The average interval be
tween the date of the report and its appearance as a 
journal article was 7 months. A more recent study (16) 
showed that only 28 % of the biomedical technical re
ports issued in 1957 were published as journal articles 
within 3}/2 years (average interval 4-6 months); the fate 
of all technical reports was similar (22 % were published 
as journal articles). 

The Literatures of Biomedical 
Subfields and Disciplines 

Growth patterns. The annual increments to the literature 
of selected biomedical research subfields are shown in 
Fig. 1. These subject areas were selected to illustrate dif
ferent types of growth. The curve for cardiovascular 
agents after 1940 is an example of very active but irregu
lar growth. Some of the peaks probably represent a flurry 
of publications following a new lead, e.g., the 1950 peak 
followed the discovery of the first potent antihypertensive 
agent (personal communication from Dr. Isaac Welt). 
The curve for psychopharmacology is too short to show 
the usual fluctuations in the rate of appearance of new 
publications that can be expected to occur in any rela
tively narrow subject area over an extended period. This 
curve does, however, illustrate the rapid initial growth 
followed by a relative slowing that is commonly seen in 
new research areas. Poliomyelitis literature exemplifies 
a growth pattern that is often forgotten—what happens 
in a research area when some of its important problems 
have been solved.30 

. . . communication process is being increasingly impeded by a 
spectrum of restrictions which serve no essential national purpose." 
(39) 

30 It also illustrates what may be a general principle for biblio
graphic services in narrow subject areas: when research activity in 
a given subject area stabilizes or decreases, the bibliographic service 
specializing in this area either increases the scope of its subject 
coverage to include related areas or ceases operation. The biblio
graphic service for poliomyelitis apparently broadened its subject 
scope sometime in the late 1950's and ceased publication in 1962. 

1319 
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FIG. 1. Annual increments to the literatures of selected bio-
medical subfields. • • literature of cardiovascular agents; 
O O literature of psychopharmacology; X X literature of 
poliomyelitis. The low figure for i960 psychopharmacology papers 
may represent an incomplete collection for that year. Tabulations 
of all data are included in the appendix (see footnote 6). Data 
sources: For literature of cardiovascular agents—figures for 1931-
!955. Index Handbook of Cardiovascular Agents, analysis of a 46% 
sample of all documents listed in vol. 1 (1931-1950) and a 31% 
sample of vol. 2 (1951-1955), part 1; figures for 1956-1959, sup
plied by Dr. Isaac D. Welt based on a count of documents in the 
files of the Cardiovascular Literature Project of the Institute for 
Advancement of Medical Communication. For literature of psycho-
pharmacology—data supplied by Dr. Welt based on a count of 
documents in the collection of the Psychopharmacology Service 
Center of the National Institute of Mental Health. For literature 
of poliomyelitis analysis of all documents listed in Poliomyelitis 
Current Literature, vols. 1-12, 1946-1958, and its successor, Current 
Literature, Poliomyelitis and Related Diseases, vote. 13-18, 1959-1962-
all documents listed in these two publications were counted as 
poliomyelitis literature, although the subject coverage of the lat
ter publication explicitly included diseases other than poliomyelitis. 

Language and country of publication. During the period for 
which we have figures (1957-1959), the proportion of 
psychopharmacology documents31 in English apparently 
decreased slightly (58 to 54%). It can be seen that, 
in the literature of this subfield, English is even more 
predominant than in the biomedical literature as a whole. 

Most published studies on the language and geo
graphic origin of the literatures of biomedical subfields 
and disciplines are based on cited documents and hence 
are not comparable with the data we have on biomedical 
literature as whole,32 However, an excellent study of the 

The same principle is demonstrated by the services covering the 
literature on tuberculosis. (Tuberculosis Index, and Chest Disease 
Index and Abstracts, Including Tuberculosis.) 

31 The psychopharmacology collection contained many different 
types of documents. The term "document" is used in this paper to 
mean a recorded unit of scientific information intended for distri
bution by other than personal or administrative channels- it 
includes journal articles, abstracts of oral reports, papers in vol
umes of proceedings, technical reports, etc. 

32 The documents cited by authors presumably are selected by 
some value judgment; and literature samples based on citations are 
also known to be biased by the nationality and language of the 
citing population. 
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TABLE 8. Classification of documents generated by U.S. 
biomedical scientists in 1961-1962, by form of publication 

Forms of Publication in which 
Sample Documents Appeared 

Sample A 
(Documents 

Generated by 
NIH Grantees) 

Sample B 
(Documents 

Generated by 
NIH Staff) Forms of Publication in which 

Sample Documents Appeared 

No. 
Documents 

% of 
Sample 

No. Doc
uments 

%of 
Sample 

Total, all publication forms '5.979 IOO 1,622 IOO 

Journals 14.340 897 ',34' 82.7 

Verified '4.275 893 ',337 82.4 

Probable 65 0.4 4 o-3 

Books i.5°9 9-4 249 '5-4 
Proceedings 79« 5° 95 5-9 
Other books 7" 4-4 '54 9-5 

Technical reports '4 O . I  8 o-5 
Other forms 53 °-3 1 0.1 

Unclassifiable 63 0.4 23 1.4 

Definitions of journals, books, and technical reports used 
here are those discussed on page 1311 of this paper. A "veri
fied" journal is a publication described in at least one of the 
checking references as being issued more frequently than annually. 
Publications that could not be verified as journals in this manner, 
but that were considered likely to be bona fide journals, by our 
definition, were classified as "probable" journals. Annual publi
cations and serials issued less than annually were counted as 
"books"; publications classified as "books" were further categorized 
as "proceedings" when their titles explicitly connected them 
with a meeting, and when we could confirm that they were 
bound collections of meeting papers. The category "other forms" 
here is limited to miscellaneous publications (other than journals, 
books, or technical reports) with titles that suggested some con
nection with a meeting, but which could not be positively identified 
as proceedings volumes; for Sample A, these titles were in most 
cases printed programs of meetings, and the documents were ab
stracts of oral reports. Some titles could not be classified because 
the citation was incomplete or patently incorrect, or because the 
title could not be found in checking references. The appendix to 
this paper (see footnote 6) contains a further breakdown of these 
categories and details of methods. 

biochemical literature, based on all entries listed in two 
comprehensive bibliographic tools (Chemical Abstracts and 
Chemisches Zentralblatt) from 1880 to i960 (36), provides 
data that can be compared with the 1957 data in Table 3. 
In i960, the six countries ranking highest in number of 
biochemical papers published were: United States 30%, 
Japan 10%, England 9%, Germany 9%, U.S.S.R. 7%, 
and France 7 %; these six countries accounted for 91 % of 
all biochemical articles. The trend toward publication in 
countries other than the U.S. seems definite for the 
biochemical literature; the proportion published in the 
U.S. decreased from 41 % in 1950 to 30% in i960. The 
proportion in English, however, did not drop markedly 
(57% in 1950 vs. 53% in i960). Six languages accounted 
for 93% of all papers in 1950 and 90% in i960; during 
this decade Russian and Japanese moved up significantly 
as biochemical languages, whereas, French and Spanish 
declined. One of the most marked changes in the decade 
was the increase in the total number of languages from 21 
to 46. Some of these changes may be explained, at least 

in part, by better coverage of the biomedical literature 
by the abstracting-indexing services. 

Scatter. The 2,452 psychopharmacology documents 
published in 1961 were "scattered" among 140 different 
publications or "titles." The 7 titles containing the most 
documents relating to psychopharmacology (5' < oi all 
titles) accounted for 29% of all the documents, and t u 
14 top-ranking titles (10%) contained 42 U of the docu
ments. Whereas one-half of the titles accounted for 81 ' <> 
of all the documents, the remaining half contained only 
19%. More complete data on the scatter of psychophar-
macologic literature is given in the appendix (see toot-
note 6). These figures indicate that the literature for psy
chopharmacology is highly scattered relative to some 
other biomedical subfields, e.g., 26 '< of the more than 
29,000 biochemistry papers published in i960 appeared 
in 24 publications, which represented only 1 C, of all the 
titles (2,365) in which biochemistry papers were pub
lished that year (36). 

FINDINGS RELATING TO BIOMEDICAL LITERATURE 
AS DEFINED BY GENERATORS 

This section is devoted to characterizing the literature 
currently being generated by biomedical scientists. As 
two samples of this literature, we used the documents 
published in 1961-1962 by NIH grantees and by NIH 
intramural staff. The volume and growth of this literature 
has been analyzed elsewhere (31); here its other charac
teristics are analyzed. 

The bibliographies used to establish the two document 
samples (see "Methods and Sources") differed in one 
important respect: the bibliography for NIH grantees 
included, in addition to journal articles and other types 
of "papers,"33 many abstracts of oral reports submitted 
for meetings and printed in journals or meeting pro
grams; whereas, the bibliography for XIH staff excluded 
oral report abstracts. This difference in the samples af
fects all of the analyses. 

Forms of Publication 

In Table 8 the documents generated by these two 
populations of biomedical scientists are classified by the 
forms of publication in which they appeared. The two 
samples are similar except that a higher percentage of the 
documents generated by NTH grantees was published in 
journals and relatively more of the NTH staff documents 
appeared in books that were not proceedings. 

Journals Ranking Highest as Publication Outlets 

For each sample the 10 journals containing the most 
documents are shown in Table 9, which is derived from 

33 We reserve the term "article" for the conventional type of 
paper published in serials issued more frequently than annually, 
i.e., journals. Theterm "papers" is used in a more generic sense and 
includes all published documents, other than abstracts of oral re
ports. Thus a paper can be ajournal article, achapter in a book, an 
entire book, a technical report, a patent, thesis, etc. 
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TABLE 9. The 10 journals containing the largest number of documents generated in 
1961-1962 by NIH grantees and by NIH intramural staff 

Sample A—Documents Generated by NIH Grantees 
(Total no. verified journal documents = 14,275) Sample B—Documents Generated by NIH Staff 

(Total no. verified journal documents = 1,337) 

Journal title 
No. sample 
documents 
contained 

% of all verified 
journal documents Journal title 

No. sample 
documents 
contained 

% of all verified 
journal documents 

Federation Proc. 
Proc. Soc. Exptl. Biol. Med. 
J. Biol. Chem. 
Nature (London) 
Biochim. Biophys. Acta 
Am. J. Physiol. 
J. Clin. Invest. 
J. Am. Chem. Soc. 
Clin. Res. 
Endocrinology 

Totals for 10 journals 

I ,064 
475 
429 
399 
3«7 
296 
241 
213 
187 
182 

3,873 

7-4 
3-3 
3.0 
2.7 
2.7 
2.0 
1.6 
1.4 
'•3 
1.2 

27 

J. Biol. Chem. 
J. Nat. Cancer Inst. 
Biochim. Biophys. Acta 
Nature (London) 
Proc. Soc. Exptl. Biol. Med. 
J. Clin. Invest. 
J. Org. Chem. 
J. Am. Chem. Soc. 
Cancer Chemotherapy Rep. 
Am. J. Physiol. 

Totals for 10 journals 

62 
47 
46 
43 
40 
34 
29 
28 
26 
26 

38I 

4.6 
3-5 
3-4 
3-2 
2-9 
2-5 
2.1 
2.0 
'•9 
'•9 

28 
ror oainpte i\, 10 journals constitute 1.1% of all 

10 journals represent 3.2% of all verified journals. 

two lists of the "100" journals34 ranking highest in regard 
to the numbers of sample documents they contained. The 
full lists are given in the appendix (see footnote 6). The 
journals in these two rank-order lists account for 66 % 
and 67 % of all the documents in Samples A and B, re
spectively. The titles in the two lists are notably similar; 
67 journals appear in both lists. Most of the titles found 
only in the Sample B list reflect the known special inter
ests of NIH intramural research staff. 

Types of Documents 

On comparing the list of 100 top-ranking journals for 
Sample A (the document output of NIH grantees) with 
that for Sample B (NIH staff), we noted that the rank 
order of certain journals was markedly different in the 
two lists. Some of these differences could be explained by 
the special emphases of NIH intramural research, but 
others semed to be related to the fact that the journals 
in question published relatively large numbers of ab
stracts of oral reports; such titles35 ranked consistently 
higher in the Sample A list. This finding led us to believe 
that the proportion of oral report abstracts in Sample A 
was higher than we had appreciated before. Since Sam
ple A was being used for comparing the publication 
rates of different populations of biomedical scientists (31), 
and most of the comparative data was in terms of "regu
lar papers," it was necessary to establish the approximate 
percentage of oral report abstracts in this sample. All 
issues of Federation Proceedings for one year, starting with 

34 The list for Sample A actually includes 102 journals. In rank
ing journals by the number of sample documents they published, 
it happened that cutting off the list at 100 would exclude two jour
nals that contained the same number of documents as the 99th and 
1 ooth journals. For the same reason, 107 journals are included in 
the list for Sample B. 

36 For example, Federation Proceedings, Pharmacologist, Physiologist, 
and Clinical Research. 

the July 1961 issue, were examined; they contained 
2,990 oral report abstracts and 115 journal articles. 
Of the journal articles, 44 carried acknowledgements of 
NIH grants. If this ratio of oral report abstracts to articles 
holds for calender 1961 and 1962,36 of the 1,064 docu
ments from Federation Proceedings included in Sample A, 
over 1,000 must be oral report abstracts. Examinations 
of other journals represented in this sample indicated that 
the total number of oral report abstracts included among 
the journal documents of Sample A was 2,500 to 3,000, 
or 17-21 % of all journal documents. The details of the 
procedure for this estimate are given in the appendix 
(see footnote 6). In addition to the oral report abstracts 
published in journals, we recognized that some of the 
Sample A documents in publications categorized in 
Table 8 as "proceedings" and "other forms" were also 
oral report abstracts. These considerations led us to esti
mate that roughly 20% of all NIH grantee-generated 
documents represented by this sample were oral report 
abstracts.37 

Scatter of Documents 

The 15,979 documents generated by NIH grantees 
appeared in 1,448 different publications; whereas, the 
1,465 documents generated by NIH staff were published 
in 383 different titles. The "scatter" curves in Fig. 2 are 
concise expressions of the way the sample documents 
were distributed among different publications and are 
convenient for comparing the two samples with regard to 
this characteristic. The curve for each sample is based on 
only those documents appearing in publications we veri-

36 Sample A documents were published about equally in 1961 
and 1962 and represent roughly one-half of all documents gen
erated during 1961 and 1962 by NIH research grants (31). 

37 Since 5% of all Sample A documents were in proceedings vol
umes (Table 8), it can be seen that a total of about 25% of all the 
documents in this sample are direct by-products of meetings. 
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r ®  SAMPLE E 

FIG. 2. Scatter of documents 
published by U.S. biomedical 
scientists in 1961-1962 among 
different titles (journals and 
other publications). Sample A — 
documents published by NIH 
grantees in 1961 or 1962 (all doc
uments = 15,979, verified journal 
documents only = 14,275; all 
titles = 1,448, verified journal 
titles only = 891). Sample B — 
documents published by NIH 
intramural staff in 1961, with the 
exception of a few that appeared 
in I960 (all documents = 1,622, 
verified journal articles only = 
1,337; all titles — 479, verified 
journal titles only = 308). (See 
footnote 33 for distinction be
tween "documents" and "arti
cles.") To analyze the distribu
tion of sample documents among different publications, all titles 
(names of journals, books, etc.) containing the documents in each 
sample were listed in order of the numbers of sample documents 
they contained, starting with the title containing the most. The 
number of titles in the two rank-order lists that resulted was then 
cumulated from the top down, as was the number of documents in 
successive titles. For each list, these cumulative totals for titles and 
for documents were divided by the total number of sample titles 
and the total number of sample documents, respectively, to obtain 
the cumulative percentages. To facilitate plotting, the cumulative 
percentages of documents corresponding to whole number cumu
lative percentages of titles were calculated by interpolation. The 
data plotted are given in tables in the appendix (see footnote 6). 

® ALL DOCUMENTS 
O JOURNAL DOCUMENTS ONLY 

RX ALL DOCUMENTS 
SAMPLE BI• JOURNAL ARTICLES OML* 

CUMULATIVE * OT TITLES 

Note: The cumulative percentages of documents are plotted on a 
linear scale; whereas, cumulative percentages of titles are on a 
logarithmic scale. The following examples illustrate how the figure 
can be read: For Sample A, the plotted values for "all documents" 
indicate that the top 10% (145) of all titles in the rank-order list 
contain about 73% (11,700) of all documents in this sample; 
and the curve for "journal documents only" shows that the top 
10% (89) of all journal titles contain 70% (10,028) of all the sample 
documents that appeared in journals. Data sources: For documents 
published by NIH grantees, analysis of all documents listed in 
ref. 23; for documents published by NIH intramural staff, analysis 
of documents listed in ref. 24. 

fied to be journals; however, the corresponding data for 
all documents are plotted; and, if these points were con
nected, the resulting curves would closely resemble those 
for verified journal documents only. The figure shows 
that the documents in Sample B are more highly scat
tered; about 9% of all the journals in which documents 
appeared are required to account for 30 % of this sample's 
journal documents, as compared to only 4 % of journal 
titles in Sample A.38 The slopes of the "linear" portions 
of two curves (from 3% to 15% of titles) are identical; 
however, throughout this linear range, the journal docu
ment curve for Sample A is higher than the Sample B 
curve by an average of 17%. Since the two document 
samples are remarkably similar in most respects, and 
other minor differences could be largely explained by the 
fact that only Sample A contained abstracts of oral re
ports, it seemed likely that the difference in the scatter 
curves would also prove to be attributable to oral report 
abstracts.39 This hypothesis seems to be confirmed. The 

38 In terms of the absolute number of journals required to ac
count for a given percentage of sample documents, there is less 
difference between the two samples. See the comparisons of the 10 
and 100 top-ranking journals for each sample (Table 9 and page 
1321). When calculated on the basis of journal documents alone, 
the top 100 journals for Samples A and B account for 73% an(l 
81%, respectively. 

39 Previous work with scatter curves of this type (see page 1326) 
has shown that the curve for a given literature is almost like a 
fingerprint in that it is distinctive and relatively stable. Different 
samples of the same literature have very similar scatter curves. 

17 % difference between the curves falls within the previ
ously estimated limits for the percentage of oral report 
abstracts among Sample A journal documents (17-21 %); 
and over the linear range, the corresponding average 
difference between the plotted values for all sample docu
ments is 20%, which is the same figure we arrived at 
earlier. This evidence suggests that, if all the oral report 
abstracts were removed from Sample A, its scatter curve 
would be almost identical with the Sample B curve. 

The Literature Generated by U.S. Research Workers 

Sample A consists of roughly one year's document 
output for the NIH extramural grants program and 
represents the work of at least 17,000 professional-level, 
biomedical research workers, or over 40% of all U.S. 
biomedical research manpower.40 The 12,800 papers in 
this sample (the total number of sample documents 
corrected for 20 % oral report abstracts) represent about 
50% of the total annual output estimated for the U.S. 
biomedical research effort (31). As a sample of all the 
documents resulting from U.S. biomedical research, it is 
somewhat  b iased  in  tha t  the  grea t  major i ty  of  NIH 
grantees work in academic and nonprofit institutions; 
but such institutions provide the working environment 

Sample A and Sample B are undoubtedly from the same document 
population. 

40 The principal and co-principal investigators on the NIH 
grants active in fiscal 1962 numbered 17,109 (31). Total U.S. bio
medical research manpower in I960 has been estimated at 39,700 
professional workers (43). 
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for 62 % of the professional workers in U.S. biomedical 
research (43). The characteristics of the document output 
of industrial and government workers may differ some
what; however, for NIH staff at least, the differences 
are small. It seems justified, therefore, to use this sample, 
with certain qualifications,41 for characterizing the liter
ature currently being produced by the research com
ponent of the entire U.S. biomedical community. 

"Core journals." In view of the relative stability of 
scientists' publication habits, the 100 journals ranking 
highest as publication outlets for Sample A documents 
may be considered to be the "core journals" for U.S. 
biomedical research. One can predict that, for the next 
few years at least, the bulk of all documents resulting 
from U.S. research will be published in these journals.42 

Eleven of the core journals are published in foreign 
countries, but the principal language of each of these 
journals is English; these foreign journals published about 
9 % of the journal documents in the sample. Of these 
foreign journals, six are British and the remainder are 
"international" in the sense that their contributors re
flect reasonably well the geographic distribution of 
workers in the journals' special fields. Of the core journals 
a disproportionate number publish large quantities of 
brief papers (less than 3,000 words), e.g., Proc. Soc. Exfitl. 
Biol. Med., Nature, Science, Lancet, Experientia, etc. The 
growing importance of these journals, which specialize 
in short papers and stress rapid publication, warrants 
further study of their characteristics.43 

Comparison of the Literatures Defined by 
Generators and by Subject-Matter 

Of the 891 journals represented in Sample A, only 66 % 
qualify as "biomedical" by a relatively narrow subject-
based definition44; these journals contained 87% of all 
the verified journal documents in the sample. The 

41 A small percentage of NIH grants are to foreign institutions; 
in 1962, these accounted for 6% of all grants (22). These foreign 
investigators would be expected to publish their results in foreign 
publications more frequently than do U.S. scientists. This means 
that foreign publications are slightly overrepresented in the sample; 
however, foreign grantees (some of whom publish in U.S. journals) 
probably do not account for more than 6 of the 18.5% of the 
sample documents published in foreign countries. Of all journals 
containing sample documents, 364 (41 %) were foreign. 

42 This cut-off point for defining "core journals" is, of course, 
arbitrary. From Fig. 2, one can determine how many journals 
would be included if the cut-off were set at any given percentage 
of all research-generated journal documents. The relative stability 
of lists of this type, at least over periods of a few decades, has been 
shown repeatedly for the literatures of biomedical subfields, e.g., 
physiology (20) and biochemistry (36). The frequency with which 
the same journals appear on lists of the top-ranking journals in 
different biomedical subfields is also notable. 

43 This phenomenon, and the importance of the international 
journals, has been recognized in other analyses of scientific litera
tures, e.g., biochemistry where journals of this type, in recent dec
ades, have tended to displace titles that publish only full-length 
articles (36). 

44 The definition referred to is that used by Index Medicus in se
lecting the serials it covers. In 1963, Index Medicus covered 66% of 
all the verified journals represented in Sample A (32). 

literature generated by the U.S. biomedical research 
community extends considerably beyond the confines of 
a narrow definition of biomedical literature and into the 
fields of chemistry, mathematics, and the social sciences. 
By the broader definition adopted for compiling Bio
medical Serials, iggo-ig6o (28), 81 % of the 891 journals 
(containing 96 % of all sample journal documents) are 
biomedical. Of the 527 U.S. journals represented in 
Sample A, 410 are classified as biomedical by this 
broader definition; these U.S. journals, most of which 
may be described as "research-oriented," constitute 
about 40 % of all U.S. biomedical serials other than 
abstracting-indexing periodicals.45 Regional, state, and 
local journals are underrepresented in the sample, as 
would be expected since these types of journals are 
generally "practice-oriented." 

DISCUSSION AND CONCLUSIONS 

Technical Reports as a Form of Scientific Literature 
Comparison with journal articles. It seems useful to 

attempt an objective comparison of technical reports and 
journal articles and of how these literature forms are 
processed by their respective systems. 

1) CONTENT AND FORM. Technical reports are usually 
labeled as either interim ("progress") or final; most are 
of the latter type (40). For journal articles, this distinc
tion is not routinely made, at least explicitly. The 
average biomedical technical report contains six times as 
many pages as the average journal article (43 vs. 7); but 
since most technical reports are typewritten, double-
spaced, the difference in the average number of words is 
much smaller. Typically, technical reports present data 
and methodology in greater detail than do journal 
articles, include more tabular material, and are more 
likely to be prefaced by an author abstract.46 

2) CRITICAL REVIEW BEFORE DISTRIBUTION. The care 
with which a technical report is reviewed by the sponsor
ing agency before its distribution is approved, and the 
number and research competence of the reviewers, 
varies widely from agency to agency—probably even 
more widely than manuscript reviewing practices vary 
from journal to journal. Some governmental units have 
established procedures using outside experts as well as 
scientist employees to review the unit's technical reports 
and requiring as long as 3-4 months (40). In certain 
units, the reviewing standards are probably as high as 
those of excellent journals (33). In others, there is no 
technical review by qualified experts; but this can also 
be said of some biomedical journals. A report of the 
President's Science Advisory Committee (33) strongly 
recommended that all governmental agencies establish 
policies to insure that technical reports are reviewed 

46 The 1,159 U.S. serials listed in Biomedical Serials, 1990-1960 
as alive in i960 include a considerable number that are devoted 
primarily to abstracting-indexing. 

46 The majority of technical reports include an author abstract 
(40), as compared to a minority of biomedical journal articles; 
19% of biological journals print author abstracts for all articles 
(29)-
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critically, and this recommendation is being implemented 
(10). Although the ranges of reviewing standards for 
technical reports and for journal articles may overlap to 
some degree, the review process for these two forms of 
literature differs in two important respects. First, report 
reviewing does not typically include the central decision 
a journal editor faces, i.e., whether to publish the manu
script (with or without revision) or to reject it entirely. 
Second, the reviewer of a technical report does not have 
to consider a document's merits relative to other docu
ments that are competing for the limited space in a 
journal. 

3 )  SPEED OF PUBLICATION. For transmitting information 
to potential users, the technical report is commonly 
considered to be considerably faster than a journal 
article. However, the available data do not support this 
general impression, at least in the biomedical field. 
Publication processing time (the interval from submission 
of a manuscript to distribution of the article) averages 
6-7 months for biological and biomedical journals (30, 
38); the comparable processing time for technical reports 
is not materially shorter, averaging perhaps a month or 
so less (40). 

4 )  PRIMARY DISTRIBUTION. For technical reports, the 
average number of copies distributed automatically by 
either the sponsoring agency or the investigator's 
institution is considerably smaller than the average 
circulation of biomedical journals.47 Aside from the 
copies routinely sent to the depositories for use in meet
ing later requests, the official distribution of a technical 
report averages only 135 addressees (40). In addition, if 
the report is not classified, the author may also send 
copies to colleagues with whom he routinely exchanges 
publications, just as he does with journal reprints (see 
footnote 50 for additional comments on primary distribu
tion of reprints). 

5) ANNOUNCEMENT. The average time-lag between the 
issuance of technical reports and their announcement by 
the major report services was 4-6 months in 1961-1962 
(15, 40); the time required for U.S. journal articles to 
appear in Index Medicus, Biological Abstracts, and Chemical 
Abstracts also averages from 4 to 6 months (32). In 
general, technical reports are announced in periodicals 
that concentrate primarily on this form of literature (e.g., 
TP A, TAB, and USGRR),is and journal articles are an
nounced by conventional abstracting-indexing services, 
which concentrate largely on journal literature. The 
major exceptions to this general statement about con
ventional abstracting-indexing services are the Bibliogra
phy of Agriculture and Psychological Abstracts, both of which 
attempt to cover all relevant technical reports and 
journal articles. A selective policy on covering technical 

47 Biomedical journals probably have a somewhat larger circula
tion than biological journals in general; circulation of the latter 
averaged 2,377 f°r U.S. journals in 1959 (38). 

48 TP A (now STAR) covers only technical reports, as does 
USGRR. Some but not all of the journal articles resulting from 
DOD support are announced in TAB. NSA is an exception to the 
general rule for report services in that it covers all relevant liter
ature regardless of form or source of support. 

reports is followed by Chemical Abstracts and Biological 
Abstracts, both of which are, however, steadily increasing 
their coverage of this form of literature. In a special 
section of Index Medicus ("Recent United States Publica
tions"), a few technical reports are listed; but these are 
only a fraction of all biomedical technical reports.4'' 
Excerpta Medica covers only journal articles. 

6 )  SECONDARY DISTRIBUTION. Distribution of teclmical 
reports in response to requests received after publication 
and initial distribution is, in certain respects, similar to 
that for journal articles, i.e., requests for specific docu
ments may be directed either to the generating source 
(the author or his institution) or to the "publisher." In 
the case of technical reports, the publisher (the sponsoring 
agency) usually designates certain depositories, from 
which copies may be obtained. Journal articles (or an 
entire issue containing the desired articles) are sometimes 
purchased from publishers; more commonly they are 
borrowed or copied from the collections of colleagues or 
libraries. 

Some idea of the amount of secondary distribution 
technical reports receive is provided by the experience of 
the Defense Documentation Center (the central de
pository for DOD) in answering requests; less than 10 
requests are received for 80% of the reports deposited 
with this center, more than 10 requests for to'ii, and no 
requests for the remaining 10% (40). No data on the 
average number of copies requested from authors of 
technical reports could be found. The secondary distri
bution of journal articles is highly decentralized, and no 
statistics are available for comparison with the data on 
DOD reports. Authors are probably the major source 
(12). A study of psychologists (1) established the median 
number of requests for reprints received by authors of 
journal articles as between 11 and 15.50 This figure would 
seem reasonable for biomedical articles also. 

Attitudes of scientists and document processors. Research 
workers, particularly academic scientists in basic 
research, often regard technical reports as "second-class" 
literature, both for use and as a medium for reporting 
their work. This attitude seems prevalent in most fields of 
science, though perhaps it is more frequently expressed 
in the biological sciences. One formal expression of this 

49 A recent study of report literature showed that the Current List 
of Medical Literature (the predecessor of Index Medicus) listed only 
12% of the biological and medical technical reports issued in iqy 
Chemical Abstracts covered only 6% of the chemical technical re
ports, and Biological Abstracts less than 1 % of the biological and 
medical reports (16). 

50 This figure is for only the secondary distribution of reprints 
i.e., upon request after publication. Primary distribution by psy
chologist authors is larger: 62% distribute reprints to some kind 
of a mailing list, and the median number of copies falls between 21 
and 30 (1). If the 64 biological laboratories (biochemistry micro
biology, marine biology, pharmacology, and pharmacy) surveyed 
m a recent study (2) are representative of biomedical research 
institutions, the practice of sending out reprints automatically seems 
to be less common among biomedical scientists; less than one third 
of the scientists in these laboratories admitted they had a "resrular" 
mailing list, and when they did the number of colleagues on this 
list was small (median less than 10). 

<11 
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attitude is that some biological and biomedical journals 
do not permit authors to cite technical reports. From the 
user's point of view, the primary criticism of technical 
reports is that quality control is not as strict as for 
journal literature. On the positive side, the advantage of 
greater speed of publication is usually assumed, probably 
erroneously. The technical report has also been recog
nized as a superior source for details of methodology and 
for primary data (unpublished study performed for the 
Division of Technical Information, AK( 1) • this advantage 
is obvious when one compares the amount of detail 
afforded by a technical report with the journal version of 
the same research. 

The classic attitude of librarians toward report 
literature is to consider such material as "ephemera"; 
but librarians working in fields where there is consider
able demand for technical reports have learned to use the 
spec ia l  t echniques  and  bib l iographic  too ls  (e .g . ,  T A B )  
required to handle technical reports. Library schools are 
now teaching their students these techniques, particularly 
if the student plans to work in libraries associated with 
research activities. However, in an informal survey, we 
found that most academic biomedical libraries do not 
possess the requisite bibliographic tools and that many 
biomedical librarians view the problems of handling 
technical reports with dismay. The previously cited 
report of the President's Science Advisory Council (33), 
referring to the traditional types of abstracting-indexing 
services (and libraries), concluded: 

"The documentation community has taken an equiv
ocal attitude toward . . . reports; in some cases the 
existence of these reports is acknowledged and their 
content abstracted in the abstracting journals. In other 
cases . . . reports are given no status; they are alleged to 
be not worth retaining as part of the permanent record 
unless their contents finally appear in a standard . . . 
journal." 

Use by biomedical community. In some areas of science, 
particularly those where significant quantities of informa
tion are security classified, or where technologic develop
ment is a central interest, studies have shown that 
technical reports are a major medium of communica
tion; however, systematically collected data on the use of 
technical reports by broad biomedical populations are 
not available. Informal evidence suggests that few 
academic biomedical workers are either knowledgeable 
about technical report literature or make any significant 
use of it.61 In addition to the attitude of biomedical 
scientists toward technical reports, their general un-
familiarity with the resources of this form of literature, 
and the relatively poor capabilities of their libraries for 
handling technical reports, other factors have restricted 
use by the biomedical research community. First, if 
biomedical scientists who are not eligible for the free 

61 The major exceptions to this general statement seem to be in 
relatively narrow subfields where considerable pioneering research 
and development has been sponsored by the military agencies, 
AEC, and NASA, e.g., physiological monitoring, biomedical en
gineering, radiation biology, and certain areas of psychology. 

report services of DOD, AEC, and NASA (or are not 
aware of their eligibility) try to obtain technical reports, 
they will find that OTS cannot supply a significant 
proportion of the nonclassified documents that may be of 
interest to them. Second, the relatively high price of 
those reports that can be obtained from OTS is a 
deterrent.62 When the recently clarified eligibility of 
Public Health Service grantees for the special report 
services becomes common knowledge, these two practical 
obstacles to the ready use of technical reports will be re
moved for a large proportion of U.S. biomedical research 
workers. For those whose work is not supported by any 
Federal agency, and for foreign scientists, the current 
efforts to eliminate unwarranted restrictions on the 
release of reports to OTS should help to reduce the 
first obstacle. 

Currently the volume of technical reports of potential 
interest to biomedical scientists is small compared with 
that of journal articles, and a relatively small proportion 
of biomedical scientists probably would find much in the 
technical report literature that was directly relevant to 
their central interests. As biomedical research increas
ingly draws upon the physical sciences, and the space 
program entails more biomedical research, it is likely 
that the technical report literature will assume greater 
importance to the biomedical research community. 

The Biomedical Literatures 

Figure 3 depicts the logical relations among the bio
medical literatures, or document universes, established by 
different definitions. In an effort to study by indirect 
means the document universe of primary interest, i.e., 
the literature useful to biomedical scientists, we assayed 
the characteristics of the three subuniverses represented 
by shaded circles. No schema of this type, however, can 
show the dynamic relations, such as the changes that 
occur in the literatures defined in terms of users and of 
generators and later affect the document universes 
established by subject classification. The broader subject-
based definitions (e.g., those used for establishing the 
acquisition policies of libraries, or for selecting serials to 
be included in compilations like Biomedical Serials, 
195°~i960) are influenced by the needs of biomedical 
scientists and with time expand to encompass the docu
ments this scientific population has found to be useful. 
Even the narrower subject-based definitions, which 
mirror the patterns of medical education, expand as new 
subjects enter the standard curriculum. There is, how
ever, an inherent lag in all these accommodation 
processes, and subject-based definitions always reflect 
past needs. 

Scientists' citation patterns show that, for their docu-
52 The average OTS price of biomedical reports is comparable 

to that of a small book. However, unlike books, critical reviews are 
not generally available; and the report can seldom be inspected at 
local libraries before purchase. If the title and abstract of a report 
listed in USGRR looks interesting enough to warrant buying it un
like the usual custom in technical book selling, a refund cannot be 
obtained should the report prove to be different than expected. 
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FIG. 3. Logical schema for the "biomedical literatures" estab
lished by different definitions. The double-walled circle encloses 
the universe of all documents generated by all scientists, i.e., 
what is usually called the "scientific literature"; circle A delineates 
the universe of all scientific documents used by biomedical scien
tists; circle B, all documents generated by biomedical scientists. 
The sizes of the circles are not proportional to the numbers of docu -
ments included in the various literatures. 

ment needs, they often range far from their areas of 
specialization—even outside their branch of science. 
Although the "nonbiomedical" documents useful to bio
medical scientists may be relatively few as compared to 
their total document needs, these "out-of-scope" docu
ments can have a disproportionate value. As inter
disciplinary and interscience barriers become more and 
more tenuous, such "fringe" documents assume greater 
importance. The document output of biomedical 
research workers sensitively indicates the direction in 
which the interests of biomedical scientists are turning; 
and simple analyses of this output, like those made in this 
study, are a convenient means of determining indirectly 
how their document needs are changing. However, 
practical direct methods for determining routinely, on a 
continuing basis, the literature used by biomedical 
scientists—or perhaps more importantly, the literature 
potentially useful to them—are also needed to guide the 
policies of libraries, abstracting-indexing services, and 
other biomedical information services. 

Literature Characteristics of Special 
Concern to Users and Processors 

The quantifiable literature characteristics of greatest 
interest to both scientists and the services that process 
documents and information, such as libraries, abstract
ing-indexing services, and information centers, seem to 

be: language, scatter, and volume, roughly in ascending 
order of expressed concern. It is appropriate, therefore, 
to discuss briefly the practical applications ofoui find
ings relating to these characteristics. 

Language. Although presently available data on the 
biomedical literature as a whole do not reflect the rapid 
rise of Japanese and Russian as scientific languages that 
has occurred in some other scientific fields, the evidence 
from such biomedical subfields as biochemistry probably 
indicates a trend that will become general. An even 
more important trend, however, is the rapid increase in 
the number of "other" languages. Again the data on bio
chemistry literature should be considered an early 
warning of what will happen, or is happening, in other 
biomedical disciplines and subfields. The implications ol 
these trends for U.S. biomedical research community are 
a) that the traditional pattern of learning one or two 
foreign languages will become progressively less satis
factory as it becomes more difficult to decide which 
languages to study and relatively less profitable to know 
any one or two foreign languages, and b) that individual 
scientists will become more dependent on translations. 
For abstracting-indexing sendees, the problems posed by 
the proliferation of scientific languages will be partic
ularly difficult. Unfortunately, the progress in mechanical 
translation to date does not make one optimistic about 
the early prospects for a routine sendee capable of pro
ducing computer translations of the accuracy and pre
cision required for most scientific uses. 

Scatter. Because of the value of knowing which period
icals or other titles are most "productive" of documents 
in a given field, there have been many studies of what is 
usually called "reference scattering," using literature 
samples derived from authors' citations in journal 
articles, review volumes, exhaustive or selective bibliog
raphies, abstracting-indexing services, holdings of 
specialized document collections, and records of the 
documents borrowed from libraries (18). When the 
samples are comparable, the scatter curves obtained in 
different studies of the same literature are very similar 
(8, 18); and the literature distribution pattern for a 
given field seems to be remarkably stable over decades, 
at least for disciplines and broad scientific fields (14, 18). 
The original mathematical "law of scattering" postulated 
by Bradford (5) has not proved accurate in predicting 
the scatter of literature in all scientific fields, but the 
general type of distribution it describes has been found in 
all subsequent studies (18). Cole noted that the slope of 
the linear portion of such curves for representative 
samples of a given literature tends to be a constant and 
suggested that the numerical expression of this slope be 
termed the "reference-scattering coefficient"; he felt that 
this single figure adequately described how a literature is 
distributed (8). Others, however, have pointed out that 
the initial, nonlinear portion of the scatter curve also 
differs from one literature to another (44) and that this 
part of the curve, which indicates to what extent the 
given literature is concentrated within a few journals 
should also be specified in describing a literature (18). 
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Our scatter curves for the document output of bio
medical scientists should not be compared closely with 
the results of other studies, none of which derived their 
samples from the bibliographies of scientists or institu
tions. Also, few if any of the previous studies included in 
their document sample as high a proportion of oral 
report abstracts as in our Sample A. Since this type of 
document is more highly concentrated than journal 
articles, the resulting curve gives an erroneous idea of 
the degree of scatter when compared with curves for 
samples that contain no oral report abstracts. However, 
we have shown that the curve for Sample B (NIH staff) 
is very similar to that for Sample A, except for the 
differences that stem from the oral report abstracts in 
the latter sample. One is therefore justified in using the 
Sample B curve to represent the distribution of Sample 
A documents other than oral report abstracts. When 
compared with the scatter curves established by studies 
of the literatures of other broad fields of science that 
used samples derived from exhaustive bibliographies, the 
Sample B curve is quite similar to those for biology and 
mathematics; but the biomedical literature it describes 
is definitely more scattered than the literature of either 
chemistry or physics (18). 

For a scientist, the practical implications of the scatter 
of literature in his field are obvious. His ability to keep 
abreast of developments is undoubtedly influenced by 
how many periodicals he must scan to accomplish this 
end. Biomedical scientists in general operate under a 
greater scattering handicap than chemists or physicists, 
but among biomedical subfields there is considerable 
variation. In some narrow subfields one or two journals 
may contain most of the documents that interest speci
alized workers; whereas, psychopharmacology appears 
to be an example of a subfield with a relatively high 
dispersion of its literature. A high degree of scatter seems 
to be typical of new areas of research where several 
disciplines converge and the literature is not yet 
channeled into a relatively few "core journals," as in 
older research areas. The pressure to found new, highly 
specialized research journals is, in part, an expression 
of scientists' efforts to reduce the scatter of the literature 
they use. The use of alerting services, such as Current 
Contents, and reprint exchanges are other types of scatter-
reducing mechanisms. 

The scatter characteristics of the output of biomedical 
research have very important implications for any library 
or other information service that attempts to meet the 
needs of broad segments of the biomedical research com
munity. If the Sample A curve typifies the document out
put of U.S. research, 10% of the journal titles (89 
journals) contain over 70% of all the journal documents 
(articles and oral report abstracts) resulting from the 
entire U.S. effort, and over 50% of all the journal 
articles; 400 journals can be expected to include 85 % 
of all the journal articles published by U.S. workers.53 

53 The figures relating to journal articles were obtained by using 
the Sample B curve, but multiplying the indicated percentages by 
the appropriate totals for Sample A. 

If one assumes that the same general pattern of scatter 
holds for the world output of biomedical research, of the 
5,700 biomedical serials extant, some 570 will contain 
over 50% of all the journal articles resulting from 
research. This scatter curve also predicts the relative 
expenditures of money and manpower required to 
achieve any given degree of completeness in collecting 
or covering" the body of literature it describes, e.g., 
one can see that, to have a "complete" collection of the 
literature from which this sample was taken, a library 
must buy and process twice as many journals as are 
required to have 85 % of research journal literature, and 
10 times as many as necessary to furnish 50% of the 
journal articles. By carefully concentrating on the most 
productive journals, a library or abstracting-indexing 
service serving biomedical scientists can provide the 
maximal service possible within the constraints of its 
resources.54 

Growth 

Figures on the size and growth of the literature of a 
scientific field, narrow or broad, must be interpreted 
cautiously when they are based on subject classifications. 
Although many scientists and librarians may feel they 
have a clear idea of the boundaries of a given field, 
one cannot assume that any two individuals are likely 
to agree exactly when asked to determine which of a 
group of documents they consider as falling within the 
field. Nor can one assume that the classification de
cisions of the same individual (or group) do not change 
with time. Indeed, these decisions should change un
less the scientific field is static. In addition to these 
logical considerations, the great practical difficulties in 
approximating a complete enumeration of the documents 
in any field must be appreciated when one tries to 
assess the growth of a literature defined by the subjects it 
covers. Despite the inherent errors in any data that 
ultimately depend upon subject classification, and the 
difficulty of ensuring that such data for different time 
periods are comparable, in view of the prevalence of 
concern about the publication "explosion", it seems 
worthwhile to attempt as careful an assessment as possible 
of the growth of the biomedical literature as it is con
ventionally defined. 

Estimate of current growth rate. In Fig. 4 the best data we 
could collect on the biomedical literature as a whole are 
summarized; for comparison, data on the literature of 
cardiovascular agents and estimates of the total docu
ment output of U.S. biomedical research are also shown. 
Measures of the growth of annual increments to the 
literature (the annual production of new documents), 
and measures of the growth of the total accumulation of 
documents (the librarian's concept of "the literature") 
are plotted in Parts A and B, respectively. In calculating 

M )X11 °f 'he statlstICS in this paragraph assume that the journals 
are chosen from the top of a rank-order list, such as was made to 
prepare Fig. 2. Ideally, these lists should be based on some kind 
of an objective "use index" specific for the given population 
served by the given library or information service. 
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FIG. 4. Comparison of different measures of biomedical litera
ture growth. Part A depicts growth in terms of annual increments 
to the literature, i.e. measures reflecting the annual rate at which 
documents are being produced; whereas, in Part B, measures of 
the literature accumulated to date are plotted. The units for each 
measure are given in the key. All solid-line curves assume steady 
exponential growth between data points. The first portion (1931-
1940) of the discontinuous growth curve for the literature of cardio
vascular agents was fitted by eye; the second portion (1941-1959) 

was fitted by the method of least squares. The dotted-line portion 
of the curve for the world output of biomedical papers after 1957 

is a projection based on the physical growth of the NLM serial 
collection from 1946 to 1962 (see text). Values for the slopes of 
growth curves (m) are calculated from data by the formula N — 
NoI0m(T-T0); where N is the value of the given measure at time 
T, and N0 the value at the starting time, T0. The doubling time 
for each growth curve is given as "X2 in Y yr". Data sources: Part 
A—for estimated document output of U.S. biomedical research 
in i960 and 1970, ref. 31; for world output of biomedical litera
ture in 1879, ref. 3, and in 1957, ref. 6; for contents of 61 U.S. bio
medical journals in 1950 and i960, derived from data in ref. 37; 

for world output of literature on cardiovascular agents 1931-1959 
(see legend to Fig. 1); for shelf space no biomedical serials in 
1941, 1946, 1951, 1961 (see footnote to Table 2). Part B—for 
shelf space NLM serial collection, ref. 27; for the number of 
world biomedical serials extant in 1879, ref. 3; and for the number 
extant in 1950 and i960, ref. 28. 

Growth rates, these two types of data have often been 
mistakenly treated as equivalent. Exponential growth 
rates determined from measures of the size ol the ac
cumulated store of all biomedical documents are valid 
also to express the growth of annual increments to this 
store; but growth rates calculated from annual incre
ments do not necessarily apply to the accumulate 
store.55 

For the reasons discussed previously, the plotted data 
on growth of papers published by the 61 selected L . S. 
biomedical journals are not representative of either 
U.S. or world biomedical serials; they are introduced to 
illustrate the growth in the number of articles published 
annually by the well-established, larger U.S. serials. 1 he 
shelf space for 110 serials in an academic libiar\, al
though somewhat biased, is probably the best index sv< 
now have for the increase in the annual production of 
papers by established biomedical serials throughout the 
world. When the growth in annual production of bio
medical serial papers, as measured by this index, is com
bined with the growth in the number of world serials 
(Part B), the resulting curve may be considered an 
approximation of the growth in the world s production 
of biomedical papers. The growth rate computed for 
this curve is identical with that of the growth curve for 
shelf space of the NLM serial collection between 1946 
and 1962 (Part B)56; we consider shelf-space measure
ments of this collection to be the best available single 
index for the over-all growth of biomedical serial liter
ature. Thus, there is excellent agreement between two 
independent methods of estimation that the bio
medical serial literature has been growing recently at 
a rate that will result in a doubling of annual production 
(and of the accumulated literature) every 38 years, or a 
20 % increase each decade. The projected future growth 
in world output of biomedical papers (shown as a dotted 
line in Part A) is based on this growth rate. 

If the data for annual production of biomedical papers 
in 1879 are comparable with those for 1957, then growth 
must have slowed sometime before 1957. Unfortunately 
no suitable data are available to establish the shape of 
the world output curve between 1879 and 1957. The 
break in the growth curve for the number of biomedical 

65 For example, the annual production of new documents in a 
given field may double (200 vs. 100 per year) over a period of five 
years (a doubling time of five years), but if the field has accumu
lated 1,000 documents at the start of the period, it will take much 
longer than five years to double this accumulation. 

56 Exponential growth rates may be expressed either as the value 
for the slope of the curve (m) or as the time required for doubling. 
The formula for computing the slope of the curve that results 
when the growth in the annual production of papers by individual 
serials is added to the growth in the number of serials extant is 
P = P0io<m8+mi>(T"T<1) where P = annual world production of 
biomedical papers at time T; P0 is the annual production at some 
prior time, T0; m„ is the slope of the growth curve for numbers of 
serials; and m, is the slope of the growth curve for papers published 
annually by a representative sample of biomedical serials. The 
slope of the new curve is .008 (ms + m, = .003 + .005). 
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serials (Part B) suggests that this slowing may have 
occurred before 1950. 

Price has pointed out that no natural growth process, 
biologic, social, or economic, is purely exponential; and 
that real growth curves are always logistic (s-shaped) 
functions; he has predicted that the growth rate of 
science and of its by-product, the scientific literature, 
would begin to stabilize in the near future, i.e., would 
depart from a purely exponential increase (34, 35). It 
would appear that, for the biomedical literature, this 
phase has already begun. 

A paradox. Some segments of the biomedical literature, 
e.g., the literature of cardiovascular agents,57 have grown 
much more rapidly than biomedical serial literature as 
a whole. The evidence that the literatures of many bio
medical subfields are growing rapidly, while biomedical 
literature as a whole increases much more slowly, poses a 
superficial paradox. The explanation hinges mainly on 
three facts: first, the literatures of these subfields are not 
mutually exclusive, i.e., papers counted in one are often 
also included in others. Second, a part of the literature of 
some biomedical subfields falls outside the conventional 
boundaries of the biomedical literature, e.g., the litera
ture of biochemistry, mental health, and other "bridg
ing" fields. Finally, the expanding literatures of active 
fields are partially counterbalanced by contraction in 
other fields, e.g., poliomyelitis and tuberculosis. 

Questionable literature growth rates. In describing the 
increase in scientific literature, the term "exponential" is 
often used; but unless the exponent is specified, the term 
has little significance. For most practical purposes, 
exponential growth at a rate that leads to doubling 
every 100 years is little different from simple arithmetic 
growth. When exponential growth rates have been given 
in statements on the growth in the number of serials 
and papers, either for scientific literature in general or for 
specific fields, these rates have usually been much higher 
than those we have offered; in terms of doubling times, 
such estimates have commonly been in the 10- to 15-year 
range, regardless of the scientific field. It is possible that 
the biomedical literature is growing much more slowly 
than the general scientific literature or the literatures of 
other broad scientific fields, such as chemistry. Most of 
these estimates, however, have been based on the num
bers of documents processed by large indexing-abstract-
ing services,58 and are questionable unless it can be 
shown a) that the given service covered about the same 
proportion of the total literature throughout the period 
studied, and b) that the scope of its subject coverage did 

67 This same example, however, also illustrates how the produc
tion of documents pertaining to a relatively narrow subfield can re
main constant during static phases of research and development 
(see period 1930-1940, Fig. 1). 

68 For example, the fact that, from 1940 to i960, the numbers of 
abstracts produced by Chemical Abstracts, Biological Abstracts, and 
Physics Abstracts have increased at a rate that would lead to a 
doubling every 15 years (34) has often been cited as indicating 
that the literatures of the fields covered by these services are 
increasing at the same rate. 

not change materially. These conditions have not been 
met. If one were to use the number of documents 
processed by Index Medicus in 1952 and 1962 as a measure 
of the increase in annual production of biomedical 
papers, the calculated doubling time would also be about 
15 years,59 however, during the 1950's, the relative 
completeness of coverage by this and other major U.S. 
abstracting-indexing services probably improved ma
terially (32). 

Another common basis for statements that the 
scientific literature is doubling very rapidly is the in
crease in the size of library collections. If data on 
library collections are used, the conditions for reliable 
estimates are even more difficult to meet. All the evidence 
indicates that the growth of library collections is strongly 
influenced by the age of the library.60 The holdings of 
very few libraries can be considered as essentially com
plete for any broad area of science; it is only such 
"saturated" collections (e.g., NLM) that could be ex
pected to grow at the same rate as the literature. A 
priori one would also think that library budgets would be 
an important factor. 

Some kinds of data on the number of scientific serials 
may also be misleading if used to calculate growth rates 
since the high mortality of serials is often not appreciated. 
For example, Price plotted the total number of serials 
that had ever been founded as a function of time (35). 
This graph has been widely used as evidence that the 
number of scientific journals is doubling every 15 years, 
although Price has explicitly stated that these data do 
not represent the number of serials alive at any given 
time and that a loose definition of "scientific" periodicals 
was used (34).61 

Implications of literature growth rates. For libraries and 
broad abstracting-indexing services, the knowledge that 
the biomedical literature as a whole is not growing as 
rapidly as most previous estimates indicated should be 
heartening and useful for some types of planning. How
ever, their major problem is to meet increasing demands 
for performance with financial and manpower resources 
that are almost always inadequate. The growth of the 
literature is only one factor that affects how well they 
can meet the needs of their users and their own per
formance goals. For the working scientist, who is inter-

59 Index Medicus processed 51 % more documents in 1962 than in 
•952 (32)-

60 From 1962-1963 statistics on U.S. and Canadian academic 
medical libraries (19), it can be calculated that the total number of 
volumes (serials and monographs) in their collections is increasing 
by an over-all average of 4.5% annually; but the average for the 13 
largest collections (over 100,000 volumes) is 3.5%. The growth of 
the total NLM collection of bound volumes (serials and mono
graphs) can be calculated from data in ref. 27 to have been 2.0% 
in fiscal year 1963. Doubling times based on these three figures 
would be 16, 20, and 35 years, respectively. 

61 Price's graph indicated that about 100,000 serials had been 
founded by i960; whereas, the most reliable recent survey (13) 
gives a figure of about 35,000 for the number of scientific periodicals 
alive in the early 1960's. For another example of data not suited 
for determining growth rates, see footnote 8. 
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ested in using the literature and not in counting it, 
literature growth rates of the type we have been dis
cussing probably have little practical meaning. For each 
individual user there is a corresponding universe of 
documents defined by his unique interests; it is this 
literature and its growth that concerns him. Not only are 
any general figures on growth, such as those offered here, 
likely to be only distantly related to his particular 
literature universe, but what was measured is really ir
relevant to his literature problems, unless he feels com
pelled to read every paper that can possibly bear on his 
interests. Measures of the size of a literature in terms of 
the papers that have a reasonable probability of being 
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ORR, RICHARD H., GREGORY ABDIAN, CHARLES P. BOURNE, 
EDWIN B. COYL, ALICE A. LEEDS, AND VERN M. PINGS. The bio
medical information complex viewed as a system. Federation Proc. 23(5): 
1133—1145, I964.—'To aid in visualizing and understanding the 
heterogeneous aggregate of interdependent operations, activities, 
and services that handle the information generated by, and used 
in, biomedical research, this complex was analyzed as a system 
from a viewpoint of the functions it performs. The result was a 
qualitative model with the following major functional components: 
/) generation and use, 2) oral communication, 3) recording and 
distribution, 4) document processing, 5) information processing, 
and 6) control. Between generation and use, the flow of information 
through components (2), (3). (*). and (j) depends upon parallel 
and sequential chains of processing operations. The operations oi 
each component depend, in general, upon the prior accomplish
ment of the operations of the preceding component. The capacity 
of a given component is limited to that of its slowest operation 
except where alternative paths exist. The costs of operating this 
complex are met by government, private foundations, industry, 
academic institutions, and user fees for services (such as subscription 
fees). The present trend is toward increasing dependence on govern
ment support. This crude model can serve as a framework for 
collecting the data required to develop a quantitative model and is 
useful in considering the problems of biomedical communication, 
determining their relative importance, and assessing possible solu-

tions. 

A DYNAMIC COMPLEX of interrelated processes, opera
tions, activities, and services handles the information 
that the community of biomedical scientists generates 
and uses. An understanding of how this complex func-

1 This work was supported,, in part, by Public Health Service 
Contract PH 43-62-167, of the Division of Research. Grants, 
National Institutes of Health. , , 

2 This author's participation was supported by Public l-ieaitn 
Service Grant GM 09166, from the National Institute of General 

Medical Sciences. . . 
2 Present address: Defense Documentation Center, Washington, 

D C .  
4 Formerly, Institute for Advancement of Medical Communica

tion; present'address: National Institute of Mental Health jle-

thesda, Maryland. 

tions would seem to be as essential for identifying and 
attacking the communication problems of the biomedical 
research community as a knowledge of physiology is for 
diagnosing and treating disease. This paper represents 
an attempt to describe and analyze the complex as a 
functioning whole. 

APPROACH 

The biomedical information complex can be con
sidered a "system" in the same sense that a living or
ganism is a system. Both have evolved in response to 
needs and both are self-organizing; neither system was-
designed. Approaching the complex as a system facilitates 
analysis of the basic functions performed by this hetero
geneous and seemingly amorphous aggregate and aids in 
visualizing the processes that underlie its operation. 
The'goals are those of physiologic research: to correlate 
structure with function and to understand dynamic and 
interdependent processes. 

Broadly defined, a system is a bounded complex of 
elements—men, machines, or objects—interrelated by 
processes and responding to events to achieve an objec
tive. In the case of the biomedical information complex, 
the generators and users of the information must be 
considered parts of the system, as well as the men and 
devices handling biomedical information between its 
generation and its use. The objects in this system are 
"documents" in the most general sense of the term, i.e., 
all records of information on paper, film, magnetic tape, 
or on other physical media. The system's immediate 
objective has been aptly stated by Shaw (9): "The end 
product. . . must be the information needed by and 
usable to each scientist, wherever he may be and what
ever his needs may be at the moment." Its ultimate 
purpose is to further the accumulation and application of 
biomedical knowledge. 

33 
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ASSUMPTIONS 

Analyses of dynamic, complex systems usually require 
the adoption of simplifying assumptions and viewpoints. 
In the present instance, several decisions facilitated the 
analysis. First, we elected to view the biomedical informa
tion complex as a separate system, although it is actually 
a part of a larger system that serves all of science. Second, 
we chose to follow only the more important channels for 
the flow of information through the complex and to 
emphasize the sequence of operations occurring between 
generation and use. Third, since the terminology usually 
applied to organizations, activities, services, and people 
engaged in handling information often obscures their 
common features, the system's operations were to be 
described largely by function, rather than by performer, 
using terms selected for generality and for freedom from 
unwanted associations. Last, although the complex 
handles two kinds of information, we concentrated on 
one. If information resulting from scientific observation, 
experimentation, and reasoning is called "scientific" 
information, then information about research (i.e., news 
about scientists, support, equipment, and supplies, or 
messages related to the administration of research) may 
be termed "parascientific" information. Here the con
cern is primarily with the flow of scientific information. 

FORM OF PRESENTATION 

Our analysis is presented chiefly as block diagrams. 
The value of this type of diagram in physiology was 
recently emphasized by Gray (2): 

The engineer has developed one device for enforcing an ele
mentary rigorousness that is refreshingly simple and general. This 
is the block diagram, a qualitative mathematical model which 
conveniently displays, without distracting detail, all the com
ponents and variables of a system together with their circuitry. . . . 

On several occasions I have had the opportunity to watch a 
fellow physiologist attempt to represent in this simple form, and at 
this elementary level, the system on which he is an expert. He is 
usually flabbergasted to discover that his ready knowledge is 
unequal to the task. He finds he is uncertain about numerous items 
suddenly revealed for the first time to be of key importance. The 
usual result is a period of cerebration more intense, novel, and 
cogent than any he had previously accorded the system, punctuated 

FIG. A. Over-all view of biomedical information complex. 
NOTE: In this and subsequent diagrams, the parenthetical letter-
number combination in a box refers to another diagram that 
provides a further breakdown of the given operation. 

by trips to the library to find answers to questions never before 
asked. If a workable diagram is eventually formulated, the light 
it sheds may be truly exciting. One can suddenly see physiological 
flesh and blood as a coherent, determinate, functioning system .... 

We found this device to be equally valuable for study
ing the metabolism of biomedical information. 

MAJOR FUNCTIONAL COMPONENTS OF THE SYSTEM 

In Fig. A, five major functional components of the 
system are depicted: 

1) Generation and Use—operations in which scientific 
information is generated and used, considered here as 
two phases of a single component. 

2) Oral Communication—operations entailed in trans
mitting information orally. 

3) Recording and Distribution—operations associated 
with the recording of scientific information and the 
distribution of the records thus produced. 

4) Document Processing—operations performed in the 
collection; analysis and announcement; and the storage, 
retrieval, and delivery of information records (i.e., 
documents) after their production and initial distribu
tion. 

5) Information Processing—operations by which infor
mation is extracted from documents, evaluated, modified, 
or synthesized. 

A sixth major functional component, which cannot 
be similarly depicted in this scheme, comprises the opera
tions by which the system and its parts are controlled. 
Important operations related to system control and 
management are: a) maintaining the quality of "mes
sages" handled by the system, b) improving the system, 
and c) supporting the system. Direct quality control is 
exercised in two ways—by evaluating the information in 
a message to see if it merits further processing and by 
improving the form or the content of a message. The 
more important points at which quality control is com
monly exercised are identified in subsequent diagrams. 
Improving the system so that it functions more effectively 
and efficiendy to achieve its immediate objective and 
ultimate purpose requires research on how the system 
works and development of improved methods for carry
ing out its various operations. Communication research 
and development cannot be localized in this scheme but 
will be covered briefly in the discussion of the system's 
support. 

GENERATION AND USE 

In Fig. A, the box labeled "generation and use" repre
sents the thought processes of scientists engaged in bio
medical research. These internal processes do not lend 
themselves to the approach of this analysis, and we have 
not attempted to analyze this component in detail.5 

The other components transmit information in the form 

5 In Fig. G we do, however, suggest some general relations 
between successive stages in a research project and information 
generation and use. 
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FIG. B. Formal and informal oral communication. NOTE: In 
this and subsequent diagrams, boxes with broken outlines and 
broken-line arrows represent, respectively, operations and processes 
that are outside the focus of the particular diagram. A small square 
enclosing a letter indicates that processes have been omitted to 
simplify the diagram and refers to the point in another diagram 
where the omitted processes are shown. Points at which quality 
control is commonly effected are designated by the following 
symbols: A where a message may be evaluated and a yes-or-no 
decision made as to whether or not it will be processed further; 
C where the content or form of the message may be modified by 
feedback from the generator's colleagues or from processors in the 
chain of operations required for transmission. 

of unrecorded messages (oral communication), or of 
various physical records, from one scientist to another. 

ORAL COMMUNICATION 

The processes of formal and informal oral communica
tion are analyzed in Fig. B. Informal oral communica
tion comprises all face-to-face or telephone exchange 
other than that structured by the formalities of an 
"event" planned for oral communication, such as a 
scientific meeting, lecture, seminar, etc. The processes 
of formal oral communication include the planning and 
announcement of an oral communication event, as well 
as the activities of generators in preparing for and pre
senting oral reports. Quality control may be exercised 
during the planning of an event by selecting active 
participants (generators) on the basis of their past work 
or of an abstract of the oral report they wish to present. 
In most cases, some of the scientific information to be 
presented at the event is transmitted in oral or written 
form to the planners, who may incorporate this informa
tion in a written "announcement' of the event, e.g., as 
"abstracts"6 in a meeting program (broken-line arrow 
designated K). In preparing to present an oral report, 
a scientist may have to get a decision from his institution 
as to whether his work is considered ready to be reported, 
and his presentation may be modified by feedback from 
institutional associates. Preparation for an oral presenta-

6 Although commonly used in this sense, the term abstract 
is inappropriate and misleading, since the existence of a full report 
is implied. In reality, it usually represents only a summary ot what 
the prospective speaker thinks he will say, or hopes he can say. 

tion usually entails either making notes or writing out the 
full text. (The broken-line arrow designated L symbolizes 
these recording processes as well as that of preparing an 
abstract.) At the event, the presentations may be re
corded (broken-line arrow designated M) verbatim or 
may be summarized by listeners who intend to give an 
oral or written account of the event later. Thus informa
tion transmitted by formal oral communication is re
corded, in whole or part, by several routes, which will be 
covered in Fig. C-2A. 

RECORDING AND DISTRIBUTION 

Figure C-i summarizes in broad terms the complete 
sequence of basic operations entailed in the recording 
of scientific information and the distribution of the 
records produced. Only channels within the specific 
focus of this diagram, i.e., those that are parts of this 
component, are shown. The details of processes required 
for recording, publication, and distribution are shown in 
Figs. C-2, C-3, and C-4, respectively. 

Recording 

The focus in Fig. C-2 is on the processes involved in 
the operation of recording. Informal documents include 
data and work sheets, photographs, notes or texts for oral 
presentations, manuscripts, letters, and any other form 
of recorded scientific information not intended for dis
tribution outside administrative or personal channels. 
(Production of informal documents is shown in more 
detail in Fig. C-2A.) Some informal documents are used 
only by the generator; some are distributed as such; 
and a few are reviewed by the generator and his in
stitution for publication and wide distribution to the 
scientific community. This intramural review may in
clude a quality-control decision as well as other con
siderations, including protection of proprietary interests 
in industrial institutions and selection of the appropriate 
form for publication—a journal article, book, or tech
nical report. 

|  G E N E R A T I O N  A N D  U S E  j  

FIG. C-i. General scheme of recording and distribution. 
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FIG. C-2. Recording. 
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Production oj informal records. Different types of informal 
documents created as by-products of formal oral com
munication are depicted in Fig. C-2A, together with those 
produced for other purposes. Although all the routes 
are not shown, any of these types of informal records may 
be distributed through administrative or personal chan
nels. For example, a scientist may provide colleagues with 
his data sheets, with the abstract or notes for his oral 
presentation, or with a summary account of an event he 
has attended. If publication is contemplated, a certain 
amount of preparation is usual before committing the 
record to a definitive, intramural review. Drafts may he 
distributed to obtain opinions from local and distant 
colleagues, and feedback may modify successive drafts. 

Publication 

The operation of publication shown in Fig. C-3 
converts informal documents, e.g., manuscripts, into 
forms suited for wide distribution and for storage and 
retrieval. We refer to the products of publication as 
formal documents. The manuscript is submitted for 
extramural review to a publisher (for a book), editorial 
board (journal article), or the agency that sponsored the 
work reported (technical report). For technical reports, 
this review includes a consideration of reasons for re
stricting distribution. If a report is classified for reasons 
of national security, all subsequent processes in the entire 
complex entail special precautions and special channels 
parallel to those for nonclassified reports. During revision 
and redaction, the form and content of the record is 
modified by feedback from publication processors, e.g., 
editorial reviewers and copy editors, to the generator. 
Multiple copies are then reproduced (printed, photo
copied, etc.) for distribution. 

Distribution 

Figure C-4 analyzes the distribution of documents. 
For formal documents, the publisher, e.g., of a journal, 
fills prepublication orders for any copies that the gener
ator (or his institution) distributes automatically to a 
standing list of colleagues or institutions, and that the 
publisher sends to a list of regular recipients, e.g., sub-
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scribers to a journal. All such automatic, predeter
mined distribution may be termed primary distribution. 
Secondary distribution (arrow designated S) occurs in 
response to postpublication orders (requests) for a spe
cific document, e.g., a reprint of a journal article, and 
is analyzed later as part of the document processing 
component. Informal documents (arrow designated N), 
though often given to only one recipient, e.g., a letter, 
may receive wider primary distribution by the generator. 
In addition, some secondary distribution of informal 
documents may occur to meet requests from those who 
have heard of the document in some way, often by word 
of mouth. 

DOCUMENT PROCESSING 

The major operations of document processing (docu
ment collection; analysis and announcement; and 
storage, retrieval, and delivery) are summarized in 
Fig. D-i and analyzed in detail in Figs. D-2, D-3, and 
D-4. Both formal and informal documents are handled; 
however, conventional document processing services, 
e.g., libraries and abstracting-indexing services, usually 
consider informal documents having no historical value 
as "ephemera," and either discard them during the col
lection operation or store them without the extensive 
processing that formal documents receive. Other docu
ment processing activities, such as those represented by 
scientists' personal files and by specialized information 
evaluation services, may not make this distinction. 

Document Collection 

The processes in Fig. D-2 occur in building the small, 
personal collections of scientists as well as the extensive 
collections of great libraries. In acquiring documents by 
either primary or secondary distribution, quality-con
trol decisions are usually made, i.e., the collector chooses 
to order only those documents considered likely to meet 
his quality standards. After receipt, a scientist collecting 
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for his own use may discard a document if he finds that 
the information it contains, though relevant to his 
interests, is of poor quality. In large collections intended 
for many users, however, documents once ordered and 
received are usually retained unless they are obviously 
irrelevant or in a form not suited for subsequent proces
sing. Decisions to discard documents are difficult for 
committees. 

Document Analysis and Announcement 

As shown in Fig. D-3, analyzing documents and 
announcing their availability entails several processes. 
Before storage, in collections of any size, descriptions of 
the documents are usually recorded in terms of their 
physical form, issuing source, title, date, authors, etc. 
In libraries and document centers this process is called 
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descriptive cataloging and is essentially a "clerical" 
operation, in that an understanding of the documents' 
subject matter is not required. Documents are then 
analyzed by subject content and classified or indexed. 
This analysis results in classification or index terms 
(indicia), annotations, or abstracts for each document. 
Some libraries, and all abstracting-indexing services, 
then prepare to announce their new acquisitions to 
prospective users. The announcement function may be 
served by special media: a list of the titles of new 
documents that is issued to the service's clientele; a 
periodical containing only abstracts of documents and 
accompanying author, subject, and other indexes; or a 
periodical consisting only of indexes.7 Acquisitions can 
also be announced in a special section of a journal that 
devotes most of its space to original articles. In the latter 
case (also in some abstracting-indexing services), the 
collection and analysis operations may be decentralized 
and performed by scientists who volunteer to provide 
abstracts or annotations when they receive new docu
ments. The products of both descriptive cataloging and 
subject analysis are commonly used in announcement, 
e.g., Index Medicus; however, lists of documents prepared 
by permuting the words in their titles according to fixed 
rules (usually by computer), and copies of the tables of 
contents of journals, e.g., Current Contents, are examples of 
announcement by purely clerical processes. For any 
recorded announcement produced in multiple copies, 
the general processes required for publication and distri
bution, starting with revision and redaction, must take 
place (Figs. C-3 and C-4). Some documents are ac
companied by "source" abstracts and indicia prepared 
either by the generator or by the publisher, e.g., journal 
articles prefaced by an abstract or synopsis. Source 
abstracts and indicia can also be acquired separately 
(input arrow designated P in Fig. D-3) by arrangement 
with the publisher, e.g., Biological Abstracts receives author 

7 A simple type of informal activity performing the function of 
announcement is one scientist telling another about an interesting 
document. 

abstracts on separate forms supplied to authors by co
operating journals. 

Storage, Search, and Delivery 

The operations of storage and retrieval, i.e., search 
and delivery of desired items on demand, are shown in 
Fig. D-4. Before storage, to insure efficient retrieval 
later, a more detailed subject analysis of the documents 
may be performed to supplement the analysis that 
sufficed for announcement purposes. Also the document 
descriptions and indicia may be coded or abbreviated. 
From here on, two processing chains exist in parallel: 
one stores document descriptions and indicia and re
trieves, from this store, references, i.e., bibliographic 
descriptions of documents that may contain the informa
tion desired. The other chain stores the documents them
selves and retrieves them once the desired references are 
specified. Any document processing activity or service 
must develop both chains to some degree,8 but formal 
services usually devote more effort to one or the other. 

Reference retrieval chain. Abstracting-indexing services 
concentrate on the reference retrieval chain. They 
prepare multiple-copy, reference search "tools," e.g., 
Chemical Abstracts.9 Typically these services do not them
selves maintain extensive stores of documents. Some 
specialized libraries, particularly those of industrial 
concerns engaged in research, develop their reference 
retrieval capabilities in narrow subject fields to a high 
degree. They supplement the standard reference search 
tools obtained from abstracting-indexing services with 
special tools produced by their own more detailed 
analysis of selected documents, which is tailored for their 
users. Such libraries also process informal documents, 
e.g., internal reports that are not handled by standard 
abstracting-indexing services. Their document collec
tions are highly specialized and relatively small, and they 
must augment their document retrieval capabilities by 
calling on major, conventional libraries for loans or 
photocopies of documents. When a library builds an 
exhaustive or unique collection in a narrow field and 
provides outstanding reference retrieval services for 
research workers, it is sometimes called a "specialized 
information center" if its serv ices are available to scien
tists who are not associated with the library's parent 
organization.10 

Document retrieval. Conventional libraries, which serve 
a heterogeneous clientele and relatively broad subject 
interests, e.g., biomedical libraries in academic institu
tions, typically allot a large part of their effort to building 
large stores of documents, with the goal of becoming 

8 Even in the modest, informal document processing activity 
represented by a scientist's personal library or files, most of the 
essential processes in both chains can be identified. 

8 Like announcement media, production of reference search 
tools entails the sequence of processes, in Figs. C-3 and C-4, start
ing with "redaction and revision." 

10 This type of center should not be confused with that recom
mended in the Weinberg Report (8). (See discussion of information 
processing, page 1139.) 
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more self-sufficient in providing their users with docu
ments on demand. They purchase the standard reference 
search tools for journal literature from abstracting-
indexing services rather than performing their own 
subject analysis of this type of document. Although most 
libraries undertake some descriptive cataloging and 
subject analysis of books, they also depend on the "ready-
made" reference search tools for books that are produced 
by the large government libraries and by commercial 
services, e.g., the catalog cards distributed by the Library 
of Congress, the National Library oj Medicine Catalog, and 
Books in Print (Bowker Co.). Document retrieval (see 
Fig. D-4A) employs search tools analogous to those for 
reference retrieval; given a reference, these tools indicate 
where the document referred to may be found. Library 
"shelf lists," which indicate the physical location of docu
ments, are an example. Multiple copies of document 
retrieval tools may be produced; "union lists" of library 
holdings are prepared and published as regional or 
national efforts. These lists indicate which libraries 
have a given document and are used when a library 
wants to borrow a document that it does not have. 

The secondary distribution of a document, i.e., de
layed distribution to requestors who were not covered 
by the primary, or automatic, distribution of the docu
ment, depends on the document processing component 
in general, and on the document retrieval chain in 
particular. An activity or service that attempts to supply 
documents on request usually acquires and stores at 
least those in frequent demand. If the collection contains 
many different documents, storage must be organized 
for retrieval. The larger the collection and the more 
frequent and varied the requests, the more elaborate the 
operations of document processing become. In the large 
general library serving hundreds of research workers, the 
document retrieval chain must be highly developed.11 

INFORMATION PROCESSING 

The function of information processing is to "metabo
lize" information and produce knowledge (11). It is, 
therefore, central to the growth of science. Figure E 
depicts the basic operations of information processing. 
Most of these operations are analogous to those of docu
ment processing, but the unit processed is an item of 
information rather than a document. In general, infor
mation processing starts where document processing 
leaves off and depends upon prior accomplishment of 
the basic operations of document processing. (Documents 
must be collected, analyzed, stored, and retrieved before 
the information they contain can be processed.) 

Several differences exist, however. First, the processes 
of critical evaluation and synthesis are unique to infor
mation processing. Second, information processors must 

GENERATION A N D  

11 Publishers, and individual scientists who order and store 
opies of their own papers and send reprints on request, represent, 
espectively, important formal and informal services for secondary 
listribution that perform basically the same document retrieval 
Jrocesses as libraries. Because the collections are relatively small, 
lowevcr, the store need not be elaborately organized. 
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FIG. E. General scheme of information processing component. 

have the scientific background necessary to judge the 
quality and value of the information in a document, 
rather than having to depend completely on "screening" 
by subject-matter experts, such as is included, at least 
ideally, in producing formal documents (publication). 
Information processing services, therefore, can handle 
informal records and are less handicapped by the time 
lag inherent in publication. Third, an information 
processing service may itself record new scientific in
formation rather than wait for scientists to produce and 
make available records of their work. For example, such 
a service may have an observer record oral presentations 
at scientific meetings, or may obtain oral data from a 
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generator informally. (See arrows designated O in Figs. 
E and C-2A.) 

A scientist processes the information generated by 
others as well as the data he himself collects. When he 
reviews items of information obtained from documents 
and oral communication, evaluates these items, and 
generates a new record, a scientist uses his information 
processing abilities to provide a service to the scientific 
community. A critical review that evaluates existing 
information and achieves a synthesis represents the best 
example of the first of three major types of information 
processing activities or services that have a long history 
in science. The second type evaluates data to produce 
critical tables and handbooks of standard values. The 
third type provides a factual answer to a question, as 
opposed to referring the inquirer to one or more docu
ments that may contain the answer, or several different 
answers. Scientists have always answered colleagues' 
questions, using their own experience to sift available, 
often conflicting, information and arrive at the "best" 
answer; but until fairly recently, such an activity was 
not commonly formalized or "institutionalized" as a 
service capable of meeting a large volume of demands 
from a sizable group of research workers. Currently the 
trend is toward increasing numbers of institutionalized 
services that produce critical reviews, critical data 
compilations, and authoritative answers in specialized 
fields (8). Services that provide any or all of these prod
ucts may be termed "specialized information evaluation 
services,"12 to differentiate them from document process-

12 Or centers, if the information processors are gathered in one 
location. 

ing services, such as conventional libraries, document 
centers, and other activities that do not involve evalua
tion and synthesis. Some, but not all, of the "specialized 
information services" that have recently been identified 
(4) qualify as information evaluation sendees. 

During the process of information collection, docu
ments are reviewed, and relevant information is ex
tracted. Some services (e.g., the Cardiovascular Litera
ture Project, which produces the Index-Handbook oj 
Cardiovascular Agents) extract, analyze, and store items 
of information to produce multiple-copy, search tools 
that can be used for either reference or information 
retrieval, but leave it for the user to evaluate and syn
thesize the information he retrieves.13 Such a service 
falls somewhere between the typical document processing 
services (those that concentrate on reference or docu
ment retrieval) and the specialized information evalua
tion centers. 

QUALITY CONTROL AND CHANNEL LIMITATIONS 

The major points at which the output of a typical 
project of the National Institutes of Health (NIH) may 
be subjected to quality control decisions, and the limita
tions of various output channels, are summarized in 

13 In so far as an abstract may contain all the data or information 
needed to answer certain types of questions, without recourse to 
the source document, an abstracting publication can also be used 
for information retrieval. Information retrieval in this sense should 
not be confused with the more common usage of the term. One 
often hears of "information retrieval" machines, systems, and serv
ices that, more precisely, retrieve only references and/or docu
ments. 
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FIG. G. Recapitulation of major components and basic processes. 

Fiii. F. Administrative channels are shown on the left; 
major channels to the scientific community are on the 
right. NIH Study Sections exert quality control over 
the dissemination of information regarding a scientist s 
research plans, in that only approved projects are listed 
in the XIII Research Grants Index and disclosed by the 
Science Information Exchange (SIE) on inquiry. Qual-
itv control is exercised by the scientific community at 
three main points. First, when an investigator is formu
lating a project and wants to discuss his concepts and 
plans, he will not have the forum provided by small, 
closed meetings of leaders in his field unless he qualifies 
for inclusion in the group and is invited to their meetings. 
Second, his paper will not be accepted for presentation 
at a meeting unless the abstract he submits to the meeting 
planners fulfills their criteria for acceptable quality. 
Finally, a journal will not publish his manuscript if it 
does not measure up to the editorial board's standards 
Some measure of quality control is exerted by most 
meeting planners'4 and most journals; however, with 
enough persistence, a scientist can usually find some 
meeting at which he can give his paper and some journal 
that will publish his manuscript. For each of the two 
main output channels (meetings and journals), there
fore the quality filter can be pictured as having holes 
of varying size that collectively pass almost all the ma
terial presented to them. 

These three mechanisms for quality control, and 
several others suggested in Figs. B, C-2, C-aA, C-3 

and 1 )-2, are not the only ones that maintain the quality 
of scientific messages flowing in the system over the 
lone term. Two less direct and slower, but more effecti , 
mechanisms operate before and after the rnessages are 
eenerated and initially distributed. First by selecting 
and training new generators, the scientific community 

H Limiting presentations at society meetings to members(o 
individuals sponsored by members) is a means of quality 
the members are selected for scientific achievement. 

increases the likelihood that the messages they generate 
will meet certain minimal standards. Second, each 
scientist, in his capacity as an information processor, 
explicitly or implicitly evaluates the quality of a col
league's work when he comments on it or cites it. This 
evaluation acts as corrective feedback when relayed to 
the generator directly or indirectly by formal and in
formal channels. Evaluation by formal information 
processing services is only a special case of a general 
process in which the entire scientific community is 
engaged. 

All channels for oral information and for informal 
documents, e.g., unpublished manuscripts and meeting 
programs, reach only a limited segment of the research 
community; whereas, the audience for a formal docu
ment is potentially unlimited. Journal publication of 
abstracts of oral reports is, therefore, often the first 
channel by which new information becomes widely 
available to the biomedical research community. 

The System as Viewed by the User 

The major components and basic operations of the 
entire system are recapitulated in Fig. G. Thus far the 
system's channels have been viewed only from the 
generation end. At this stage it is interesting to reverse 
the viewpoint and look at the system very briefly from 
the use end. 

In this perspective, the information processing com
ponent is seen as using the products of all the other com
ponents. Information processing, as we have defined it, 
requires that the processors have substantive knowledge 
of the scientific content of the documents with which 
they work. Key processes must be performed by individ
uals who are the peers, in scientific judgment, of the 
clientele served, i.e., they must be scientists who are 
themselves active in research. Such scientists, who devote 
varying portions of their time to processing information 
for others, are the scientific "middlemen described as 
the "backbone" of the type of information center18 

on which the Weinberg Report (8) placed great em

phasis. , , 
The model, which these diagrams of the system repre

sent, also illustrates the rich variety of channels available 
to the user. To obtain the information he desires, a 
scientist may utilize the products of any or all of the 
four components. The system is highly redundant but 
in a useful way. The information on a given subject 
carried by different channels varies in currency, quality, 
condensation, specificity, etc. He may choose the channel 
best suited for his individual needs and habits. His 
freedom of choice is, however, limited somewhat m that, 
at the time he wants it, the information may be available 
through only a few channels; and no one component can 
meet all of his needs. For example, if he wants to know 
what a colleague has done in the previous few months, 
he must usually rely on oral communication or on ac-

udTout terminology, such centers would be called specialized 
information evaluation centers (or services). 
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years, more rapidly than the number of biomedical 
scientists;-3 but any conclusions based on the inadequate 
data now available must be very tentative. Even the 
data on federal support are unreliable for assessing 
trends, since the methods used to obtain these data have 
been changing and the completeness with which agencies 
report expenditures for information activities has been 
increasing (3). However, trends in the over-all pattern 
of support are clear. As government sponsorship of 
biomedical research has grown to its present dominance, 
the operations of the biomedical information complex 
have become, in general, relatively more dependent on 
federal support and less dependent on user fees and 
academic institutions. All indications are that this shift 
is accelerating. If the system's users have, through direct 
pa\ ment of user fees, played an important role in manag
ing the system, it would seem that a substitute for this 
control mechanism should be developed. 

USES AND IMPLICATIONS OF MODEL 

The model represented by the diagrams is crude and 
qualitative. It does, however, provide a framework 
for collecting data on volume of flow in the various 
channels, on time requirements for processing operations, 
and on manpower, money, etc. These data are required 
to develop the quantitative model that would seem to be 
one prerequisite for intelligent decisions on any long-
term policies that may affect the operation of the entire 
system. Even in its present form, the model has a number 
of uses. Among those we have explored tentatively and 
found to be promising are: 

/) To identify critical operations and activities where 
limited capacity may disrupt the functioning of whole compo
nents or of the entire system. When these points are identified, 
action can be directed toward overcoming the bottle
necks. For example, an analysis of document retrieval 
operations in biomedical libraries apparently indicates 
that the capacity of this chain is inadequate to handle 
the demands that will be generated by the rapid im
provement in reference retrieval services now takine 
place (6). 8 

2) To specify the type of processor required for different 
services. Once the operations are analyzed bv processes 
it is easier to determine which jobs are essentially clerical 
(hence potentially amenable to automation) and which 
require a high degree of subject-matter knowledge or 

23 Considering the annual cost of conducting hundreds of bio
medical research meetings, of publishing some 1000 U S bio 
medical journals and several hundred books, of running scores of 
abstracting-mdexing services that process biomedical literature 
and of maintaining over 500 biomedical libraries and various other 

of document or information processing services, an estimate 
1 1 ,  T c  r  ! h T C T C ° S t  o f  t h e  b i o m e d i c a l  i n f o r m a t i o n  c o m p l e x  
(about 6% of total U.S. expenditures for biomedical research) is 
obviously conservative. The total may well be twice this figure 
Either estimate represents only operating expenses and not the 
capital investment. If the operating cost per research worker has 
not increased in recent years, it is an exception to the general 
trend of research costs. 

other special qualifications (such as education in library 
techniques). Activities that cannot he delegated by 
biomedical scientists to others can also lie identified 
The model shows that, regardless of automation, anv 
increase in information processing services will require 
additional scientific manpower. The anticipated returns 
must, therefore, be weighed against competing demands 
for this limited resource. 

3) To determine where innovations may be advantageous and 
to predict their effects on other parts of the system. The model 
helps to predict the probable gross effects of an innova
tion on preceding or subsequent operations in the given 
processing sequence, or on operations in parallel chains. 
For example, the model calls attention to a major diffi
culty that arises when some, but not all, of the operations 
in the reference retrieval chain are automated. Greatly 
increased capacity for preparing reference search tools, 
such as printed indexes, will not result in commensurate 
improvement in the service provided by the entire chain 
unless the capacity for document analysis is correspond
ingly increased (see Figs. I >-3 and D-4). The first opera
tion has proved to be much more readily automated 
than the latter. Subject analysis of documents will 
remain, at least for the near future, an intellectual opera
tion—one for which the present acute shortage of 
qualified personnel is unlikely to l»e remedied quickly 
unless new approaches arc adopted, e.g., author index
ing. 

4) To assess mechanisms for coordinating components, 
operations, and activities. The performance of the system 

epends upon effective coordination of its parts. Certain 
lormal mechanisms at present insure some degree of 

orizonta coordination among different organizations 
per orming the same basic operations (e.g., for publica-
ion, t e ^inference of Biological Editors; for abstract
ing inc exing, the .National Federation of Science 

istracting and Indexing Services). Mechanisms to 
n(J'C CO°r inat'on among the major functional com-
hi»t,Cn ° '1C biomedical information complex, e.g., 

generatlon"use and document processing, are 
f nonexis,ent However, the efforts of the Office 

Fniin^"." " ormat'on Service of the National Science 
in the u'°n l° Promotc 'his type of vertical coordination 
imnortp TerflCICnCe 'n^ormation complex are seen as an 
mportant influence on the biomedical system. 

of binm "•/ / * " ^'"^sl,c P"sPfclltffor examining the problems 
V z f" Only 4hin ,)„• f„me(,ork of 
problems (j°mP tx can dle relative importance of these 
resources be ,wd and sound decisions in allocating 
the model a ? ' Unt" t'lc tJuan'itativc aspects of 
questions il " dcyc'°Pcd can some of the major 
nels and on °Ut * C rc'ative importance of various chan-
what is atlons ,)C answered definitively; but from 

share of attent , rece,v<"d a disproportionate ^ssSS^Jscsr^ t 
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importance for future improvement of the system, is to 
demonstrate to biomedical scientists how the biomedical 
information complex and each of its components are 
integral parts of their research effort; how they, as 
scientists, are now involved in all of the system's major 
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ORR, RICHARD H., GREGORY ABDIAN, CHARLES P. BOURNE, 
EDWIN B. COYL, ALICE A. LEEDS, AND VERN M. PINGS. The bio
medical information complex viewed as a system. Federation Proc. 23(5): 
1133-1145, 1964.'—To aid in visualizing and understanding the 
heterogeneous aggregate of interdependent operations, activities, 
and services that handle the information generated by, and used 
in, biomedical research, this complex was analyzed as a system 
from a viewpoint of the functions it performs. The result was a 
qualitative model with the following major functional components: 
/) generation and use, 2) oral communication, f) recording and 
distribution, 4) document processing, 5) information processing, 
and 6) control. Between generation and use, the flow of information 
through components (2), (3), (4), and (5) depends upon parallel 
and sequential chains of processing operations. The operations of 
each component depend, in general, upon the prior accomplish
ment of the operations of the preceding component. The capacity 
of a given component is limited to that of its slowest operation 
except where alternative paths exist. The costs of operating this 
complex are met by government, private foundations, industry, 
academic institutions, and user fees for services (such as subscription 
fees). The present trend is toward increasing dependence on govern
ment support. This crude model can serve as a framework for 
collecting the data required to develop a quantitative model and is 
useful in considering the problems of biomedical communication, 
determining their relative importance, and assessing possible solu
tions. 

A DYNAMIC COMPLEX of interrelated processes, opera
tions, activities, and services handles the information 
that the community of biomedical scientists generates 
and uses. An understanding of how this complex func-
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3 Present address: Defense Documentation Center, Washington, 
D.C. 

4 Formerly, Institute for Advancement of Medical Communica
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thesda, Maryland. 

tions would seem to be as essential for identifying and 
attacking the communication problems of the biomedical 
research community as a knowledge of physiology is for 
diagnosing and treating disease. This paper represents 
an attempt to describe and analyze the complex as a 
functioning whole. 

APPROACH 

The biomedical information complex can be con
sidered a "system" in the same sense that a living or
ganism is a system. Both have evolved in response to 
needs and both are self-organizing; neither system was 
designed. Approaching the complex as a system facilitates 
analysis of the basic functions performed by this hetero
geneous and seemingly amorphous aggregate and aids in 
visualizing the processes that underlie its operation. 
The goals are those of physiologic research; to correlate 
structure with function and to understand dynamic and 
interdependent processes. 

Broadly defined, a system is a bounded complex of 
elements—men, machines, or objects—interrelated by 
processes and responding to events to achieve an objec
tive. In the case of the biomedical information complex, 
the generators and users of the information must be 
considered parts of the system, as well as the men and 
devices handling biomedical information between its 
generation and its use. The objects in this system are 
"documents" in the most general sense of the term, i.e., 
all records of information on paper, film, magnetic tape, 
or on other physical media. The system's immediate 
objective has been aptly stated by Shaw (9): "The end 
product. . . must be the information needed by and 
usable to each scientist, wherever he may be and what
ever his needs may be at the moment." Its ultimate 
purpose is to further the accumulation and application of 
biomedical knowledge. 
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ASSUMPTIONS 

Analyses of dynamic, complex systems usually require 
the adoption of simplifying assumptions and viewpoints. 
In the present instance, several decisions facilitated the 
analysis. First, we elected to view the biomedical informa
tion complex as a separate system, although it is actually 
a part of a larger system that serves all of science. Second, 
we chose to follow only the more important channels for 
the flow of information through the complex and to 
emphasize the sequence of operations occurring between 
generation and use. Third, since the terminology usually 
applied to organizations, activities, services, and people 
engaged in handling information often obscures their 
common features, the system's operations were to be 
described largely by function, rather than by performer, 
using terms selected for generality and for freedom from 
unwanted associations. Last, although the complex 
handles two kinds of information, we concentrated on 
one. If information resulting from scientific observation, 
experimentation, and reasoning is called "scientific" 
information, then information about research (i.e., news 
about scientists, support, equipment, and supplies, or 
messages related to the administration of research) may 
be termed "parascientific" information. Here the con
cern is primarily with the flow of scientific information. 

FORM OF PRESENTATION 

Our analysis is presented chiefly as block diagrams. 
The value of this type of diagram in physiology was 
recently emphasized by Gray (2): 

The engineer has developed one device for enforcing an ele
mentary rigorousness that is refreshingly simple and general. This 
is the block diagram, a qualitative mathematical model which 
conveniently displays, without distracting detail, all the com
ponents and variables of a system together with their circuitry. ... 

On several occasions I have had the opportunity to watch a 
fellow physiologist attempt to represent in this simple form, and at 
this elementary level, the system on which he is an expert. He is 
usually flabbergasted to discover that his ready knowledge is 
unequal to the task. He finds he is uncertain about numerous items 
suddenly revealed for the first time to be of key importance. The 
usual result is a period of cerebration more intense, novel, and 
cogent than any he had previously accorded the system, punctuated 

FIG. A. Over-all view of biomedical information complex. 
NOTE: In this and subsequent diagrams, the parenthetical letter-
number combination in a box refers to another diagram that 
provides a further breakdown of the given operation. 
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by trips to the library to find answers to questions never before I 
asked. If a workable diagram is eventually formulated, the light 
it sheds may be truly exciting. One can suddenly see physiological 
flesh and blood as a coherent, determinate, functioning system. .1 

We found this device to lie equally valuable for study-1 
ing the metabolism of biomedical information. 

MAJOR FUNCTIONAL COMPONENTS OF THE SYSTEM 

In Fig. A, five major functional components of the 
system are depicted: 

/) Generation and Use- -operations in which scientific 
information is generated and used, considered here as 
two phases of a single component 

2) Oral Communication—operations entailed in trans
mitting information orally. 

3) Recording and Distribution—operations associated 
with the recording of scientific information and the 
distribution of the records thus produced. 

4) Document Processing -operations performed in the 
collection; analysis and announcement; and the storage, 
retrieval, and delivery of information records (i.e., 
documents) after their production and initial distribu
tion. 

j) Information Processing—operations by which infor
mation is extracted from documents, evaluated, modified, 
or synthesized. 

A sixth major functional component, which cannot 
be similarly depicted in this scheme, comprises the opera
tions by which the system and its parts are controlled. 
Important operations related to system control and 
management arc: a) maintaining the quality of "mes
sages" handled by the system, b) improving the system, 
and c) supporting the system. Direct quality control is 
exercised in two ways—bv evaluating the information in 
a message to sec if it merits further processing and by 
improving the form or the content of a message. The 
more important points at which quality control is com
monly exercised arc identified in subsequent diagrams 
Improving the system so that it functions more effectively 
and efficiently to achieve its immediate objective and 
ultimate purpose requires research on how the system 
works and development of improved methods for carry
ing out its various operations. Communication research 
and development cannot l»c localized in this scheme but 
will be covered briefly in the discussion of the systems 
support. 

GENERATION AND USE 

In Fig. A, the box labeled "generation and use" rep(e 

sents the thought processes of scientists engaged in bio
medical research. These internal processes do not len 
themselves to the approach of this analysis, and we have 
not attempted to analyze this component in detal • 
The other components transmit information in the fortn 

In Fig. G we do, however, suggest some general ir'at|. -
between successive stages in a research project and infonnaU 
generation and use. 
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FIG. B. Formal and informal oral communication. NOTE: In 
this and subsequent diagrams, boxes with broken outlines and 
broken-line arrows represent, respectively, operations and processes 
that are outside the focus of the particular diagram. A small square 
enclosing a letter indicates that processes have been omitted to 
simplify the diagram and refers to the point in another diagram 
where the omitted processes are shown. Points at which quality 
control is commonly effected are designated by the following 
symbols: • where a message may be evaluated and a yes-or-no 
decision made as to whether or not it will be processed further; 
C where the content or form of the message may be modified by 
feedback from the generator's colleagues or from processors in the 
chain of operations required for transmission. 

of unrecorded messages (oral communication), or of 
various physical records, from one scientist to another. 

ORAL COMMUNICATION 

The processes of formal and informal oral communica
tion are analyzed in Fig. B. Informal oral communica
tion comprises all face-to-face or telephone exchange 
other than that structured by the formalities of an 
"event" planned for oral communication, such as a 
scientific meeting, lecture, seminar, etc. The processes 
of formal oral communication include the planning and 
announcement of an oral communication event, as well 
as the activities of generators in preparing for and pre
senting oral reports. Quality control may be exercised 
during the planning of an event by selecting active 
participants (generators) on the basis of their past work 
or of an abstract of the oral report they wish to present. 
In most cases, some of the scientific information to be 
presented at the event is transmitted in oral or written 
form to the planners, who may incorporate this informa
tion in a written "announcement" of the event, e.g., as 
"abstracts"6 in a meeting program (broken-line arrow 
designated K). In preparing to present an oral report, 
a scientist may have to get a decision from his institution 
as to whether his work is considered ready to be reported, 
and his presentation may be modified by feedback from 
institutional associates. Preparation for an oral presenta-

6 Although commonly used in this sense, the term "abstract" 
is inappropriate and misleading, since the existence of a full report 
is implied. In reality, it usually represents only a summary of what 
the prospective speaker thinks he will say, or hopes he can say. 

1135 

tion usually entails either making notes or writing out the 
full text. (The broken-line arrow designated L symbolizes 
these recording processes as well as that of preparing an 
abstract.) At the event, the presentations may be re
corded (broken-line arrow designated M) verbatim or 
may be summarized by listeners who intend to give an 
oral or written account of the event later. Thus informa
tion transmitted by formal oral communication is re
corded, in whole or part, by several routes, which will be 
covered in Fig. C-2A. 

RECORDING AND DISTRIBUTION 

Figure C-i summarizes in broad terms the complete 
sequence of basic operations entailed in the recording 
of scientific information and the distribution of the 
records produced. Only channels within the specific 
focus of this diagram, i.e., those that are parts of this 
component, are shown. The details of processes required 
for recording, publication, and distribution are shown in 
Figs. C-2, C-3, and C-4, respectively. 

Recording 

The focus in Fig. C-2 is on the processes involved in 
the operation of recording. Informal documents include 
data and work sheets, photographs, notes or texts for oral 
presentations, manuscripts, letters, and any other form 
of recorded scientific information not intended for dis
tribution outside administrative or personal channels. 
(Production of informal documents is shown in more 
detail in Fig. C-2A.) Some informal documents are used 
only by the generator; some are distributed as such; 
and a few are reviewed by the generator and his in
stitution for publication and wide distribution to the 
scientific community. This intramural review may in
clude a quality-control decision as well as other con
siderations, including protection of proprietary interests 
in industrial institutions and selection of the appropriate 
form for publication—a journal article, book, or tech
nical report. 

r , 
j  G E N E R A T I O N  A N D  U S E  j 

FIG. C-1. General scheme of recording and distribution. 



1136 FEDERATION PROCEEDINGS Volume 23 

GENERATION AND USE 

i±t 
ORAL COMMUNICATION 

Production of Informal 
Records (C-2A) 

Intramural Review 
for Publication ' 

u 1 Publication 1 
( C - 3 )  '  

1 Distribution J 
1 (C-4) J 

r DOCUMENT "I 
-*« PROCESSING ; 

1 IDri) J 

F INFORMATION"! 
PROCESSING | 

FIG. C-2. Recording. 

GENERATION AND 

ORAL COMMUNICATION 

USE 

GD[n] 

Informal Recording I Recording Recording 
Recording of of of 
of Work Announcement iFYesentation Event 

Preparation of 
Record for ^ 
Publication 

,-.1 
| Distribution 

(C-4) 
J Intramural 
1 Review for 
! Publication 

INFORMATION, 
PROCESSING ' 

(E) ! 

FIG. C-2 A. Production of informal records. 

GENERATION AND USE 

ORAL COMMUNICATION 

Recording 
Extramural 
Review for 
Publication 

Review for 
Restrictions 

on 
Distribution 

Revision 
and 

Redaction 

B 

PUBLICATION OF CLASSIFIED DOCUMENTS 
PATHWATS FOR RECORDS WITH 

RESTRICTED DISTRIBUTION 

SEE CORRESPONDING SYMBOL IN 

1 
Reproduction Distribution , 

( C - 4 )  i  

FIG 0-3 

Processing of 
Source Ad -
stracts and 
Indicia 

lDOCUMENT 
-{REPROCESSING 

:  (D-D 
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Production of informal records. Different types of informal 
documents created as by-products of formal oral com
munication are depicted in Fig. C-2A, together with those 
produced for other purposes. Although all the routes 
are not shown, any of these types of informal records may 
be distributed through administrative or personal chan
nels. For example, a scientist may provide colleagues with 
his data sheets, with the abstract or notes for his oral 
presentation, or with a summary account of an event he 
has attended. If publication is contemplated, a certain 
amount of preparation is usual before committing the 
record to a definitive, intramural review. Drafts may be 
distributed to obtain opinions from local and distant 
colleagues, and feedback may modify successive drafts. 

Publication 

The operation of publication shown in Fig. C-3 
converts informal documents, e.g., manuscripts, into 
forms suited for wide distribution and for storage and 
retrieval. We refer to the products of publication as 
formal documents. The manuscript is submitted for 
extramural review to a publisher (for a book), editorial 
hoard (journal article), or the agency that sponsored the 
work reported (technical report). For technical reports, 
this review includes a consideration of reasons for re
stricting distribution. If a report is classified for reasons 
of national security, all subsequent processes in the entire 
complex entail special precautions and special channels 
parallel to those for nonclassified reports. During revision 
and redaction, the form and content of the record is 
modified by feedback from publication processors, e.g., 
editorial reviewers and copy editors, to the generator. 
Multiple copies are then reproduced (printed, photo
copied, etc.) for distribution. 

Distribution 

Figure C-4 analyzes the distribution of documents. 
For formal documents, the publisher, e.g., of a journal, 
fills prepublication orders for any copies that the gener
ator (or his institution) distributes automatically to a 
standing list of colleagues or institutions, and that the 
publisher sends to a list of regular recipients, e.g., sub-
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scribers to a journal. All such automatic, predeter
mined distribution may be termed primary distribution. 
Secondary distribution (arrow designated S) occurs in 
response to postpublication orders (requests) for a spe
cific document, e.g., a reprint of a journal article, and 
is analyzed later as part of the document processing 
component. Informal documents (arrow designated N), 
though often given to only one recipient, e.g., a letter, 
may receive wider primary distribution by the generator. 
In addition, some secondary distribution of informal 
documents may occur to meet requests from those who 
have heard of the document in some way, often by word 
of mouth. 

DOCUMENT PROCESSING 

The major operations of document processing (docu
ment collection; analysis and announcement; and 
storage, retrieval, and delivery) are summarized in 
Fig. D-i and analyzed in detail in Figs. D-2, D-3, and 
D-4. Both formal and informal documents are handled; 
however, conventional document processing services, 
e.g., libraries and abstracting-indexing services, usually 
consider informal documents having no historical value 
as "ephemera," and either discard them during the col
lection operation or store them without the extensive 
processing that formal documents receive. Other docu
ment processing activities, such as those represented by 
scientists' personal files and by specialized information 
evaluation services, may not make this distinction. 

Document Collection 

The processes in Fig. D-2 occur in building the small, 
personal collections of scientists as well as the extensive 
collections of great libraries. In acquiring documents by 
either primary or secondary distribution, quality-con
trol decisions are usually made, i.e., the collector chooses 
to order only those documents considered likely to meet 
his quality standards. After receipt, a scientist collecting 
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FIG. D-3. Analysis and announcement of documents. 

for his own use may discard a document if he finds that 
the information it contains, though relevant to his 
interests, is of poor quality. In large collections intended 
for many users, however, documents once ordered and 
received are usually retained unless they are obviously 
irrelevant or in a form not suited for subsequent proces
sing. Decisions to discard documents are difficult for 
committees. 

Document Analysis and Announcement 

As shown in Fig. D-3, analyzing documents and 
announcing their availability entails several processes. 
Before storage, in collections of any size, descriptions of 
the documents are usually recorded in terms of their 
physical form, issuing source, title, date, authors, etc. 
In libraries and document centers this process is called 



138 FEDERATION PROCEEDINGS Volume tj 

GENERATION A NO U S E  

—1 L-
,_t i-, 
1 RECORDING AND. 
!DISTRIBUTION 

ORAL COMMUNICATION 

'Analysis and 1  

,  Announcement^ 

L: 

r Preparation of 
Multi-Copy Reference 

Sea rc h Tools 

Organizotion Search for Delivery 

& Storage References of 

of Indicia on Request  References 

Supplementary 
Document Analy

sis  & Coding 

PROCESSES IN THE 
REFERENCE RETRIEVAL 

CHAIN L 
1 INFORMATION 
! PROCESSING! 
lJD-AA). ' 

Organization and 
Storage of 
Documents L 

Document 
Retrieval 

D-4A 

FIG. D-4. Storage, search, and retrieval. 

descriptive cataloging and is essentially a "clerical" 
operation, in that an understanding of the documents' 
subject matter is not required. Documents are then 
analyzed by subject content and classified or indexed. 
This analysis results in classification or index terms 
(indicia), annotations, or abstracts for each document. 
Some libraries, and all abstracting-indexing services, 
then prepare to announce their new acquisitions to 
prospective users. The announcement function may be 
served by special media: a list of the titles of new 
documents that is issued to the service's clientele; a 
periodical containing only abstracts of documents and 
accompanying author, subject, and other indexes; or a 
periodical consisting only of indexes.7 Acquisitions can 
also be announced in a special section of a journal that 
devotes most of its space to original articles. In the latter 
case (also in some abstracting-indexing services), the 
collection and analysis operations may be decentralized 
and performed by scientists who volunteer to provide 
abstracts or annotations when they receive new docu
ments. The products of both descriptive cataloging and 
subject analysis are commonly used in announcement, 
e.g., Index Medicus; however, lists of documents prepared 
by permuting the words in their titles according to fixed 
rules (usually by computer), and copies of the tables of 
contents of journals, e.g., Current Contents, are examples of 
announcement by purely clerical processes. For any 
recorded announcement produced in multiple copies, 
the general processes required for publication and distri
bution, starting with revision and redaction, must take 
place (Figs. C-3 and C-4). Some documents are ac
companied by "source" abstracts and indicia prepared 
either by the generator or by the publisher, e.g., journal 
articles prefaced by an abstract or synopsis. Source 
abstracts and indicia can also be acquired separately 
(input arrow designated P in Fig. D-3) by arrangement 
with the publisher, e.g., Biological Abstracts receives author 

7 A simple type of informal activity performing the function of 
announcement is one scientist telling another about an interesting 
document. 

abstracts on separate forms supplied to authors by co
operating journals. 

Storage, Search, and Delivery 

The operations of storage and retrieval, i.e., search 
and delivery of desired items on demand, are shown in 
Fig. D-4. Before storage, to insure efficient retrieval 
later, a more detailed subject analysis of the documents 
may be performed to supplement the analysis that 
sufficed for announcement purposes. Also the document 
descriptions and indicia may be coded or abbreviated. 
From here on, two processing chains exist in parallel: 
one stores document descriptions and indicia and re
trieves, from this store, references, i.e., bibliographic 
descriptions of documents that may contain the informa
tion desired. The other chain stores the documents them
selves and retrieves them once the desired references are 
specified. Any document processing activity or service 
must develop both chains to some degree,8 but formal 
services usually devote more effort to one or the other. 

Reference retrieval chain. Abstracting-indexing services 
concentrate on the reference retrieval chain. They 
prepare multiple-copy, reference search "tools," e.g., 
Chemical Abstracts A Typically these services do not them
selves maintain extensive stores of documents. Some 
specialized libraries, particularly those of industrial 
concerns engaged in research, develop their reference 
retrieval capabilities in narrow subject fields to a high 
degree. They supplement the standard reference search 
tools obtained from abstracting-indexing services with 
special tools produced by their own more detailed 
analysis of selected documents, which is tailored for their 
users. Such libraries also process informal documents, 
e.g., internal reports that are not handled by standard 
abstracting-indexing services. Their document collec
tions are highly specialized and relatively small, and they 
must augment their document retrieval capabilities by 
calling on major, conventional libraries for loans or 
photocopies of documents. When a library builds an 
exhaustive or unique collection in a narrow field and 
provides outstanding reference retrieval services for 
research workers, it is sometimes called a "specialized 
information center" if its services are available to scien
tists who are not associated with the library's parent 
organization.10 

Document retrieval. Conventional libraries, which serve 
a heterogeneous clientele and relatively broad subject 
interests, e.g., biomedical libraries in academic institu
tions, typically allot a large part of their effort to building 
large stores of documents, with the goal of becoming 

8 Even in the modest, informal document processing activity 
represented by a scientist's personal library or files, most of the 
essential processes in both chains can be identified. 

• Like announcement media, production of reference search 
tools entails the sequence of processes, in Figs. C-3 and C-4, start
ing with "redaction and revision." 

10 This type of center should not be confused with that recom
mended in the Weinberg Report (8). (See discussion of information 
processing, page 1139.) 
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more self-sufficient in providing their users with docu
ments on demand. They purchase the standard reference 
search tools for journal literature from abstracting-
indexing services rather than performing their own 
subject analysis of this type of document. Although most 
libraries undertake some descriptive cataloging and 
subject analysis of books, they also depend on the "ready-
made" reference search tools for books that are produced 
by the large government libraries and by commercial 
services, e.g., the catalog cards distributed by the Library 
of Congress, the National Library of Medicine Catalog, and 
Books in Print (Bowker Co.). Document retrieval (see 
Fig. D-4A) employs search tools analogous to those for 
reference retrieval; given a reference, these tools indicate 
where the document referred to may be found. Library 
"shelf lists," which indicate the physical location of docu
ments, are an example. Multiple copies of document 
retrieval tools may be produced; "union lists" of library 
holdings are prepared and published as regional or 
national efforts. These lists indicate which libraries 
have a given document and are used when a library 
wants to borrow a document that it does not have. 

The secondary distribution of a document, i.e., de
layed distribution to requestors who were not covered 
by the primary, or automatic, distribution of the docu
ment, depends on the document processing component 
in general, and on the document retrieval chain in 
particular. An activity or service that attempts to supply 
documents on request usually acquires and stores at 
least those in frequent demand. If the collection contains 
many different documents, storage must be organized 
for retrieval. The larger the collection and the more 
frequent and varied the requests, the more elaborate the 
operations of document processing become. In the large 
general library serving hundreds of research workers, the 
document retrieval chain must be highly developed.11 

INFORMATION PROCESSING 

The function of information processing is to "metabo
lize ' information and produce knowledge (II). It is> 
therefore, central to the growth of science. Figure E 
depicts the basic operations of information processing. 
Most of these operations are analogous to those of docu
ment processing, but the unit processed is an item of 
information rather than a document. In general, infor
mation processing starts where document processing 
leaves off and depends upon prior accomplishment of 
the basic operations of document processing. (Documents 
must be collected, analyzed, stored, and retrieved before 
the information they contain can be processed.) 

Several differences exist, however. First, the processes 
°f critical evaluation and synthesis are unique to infor
mation processing. Second, information processors must 

11 Publishers, and individual scientists who order and store 
c°pies Of their own papers and send reprints on request, represent, 
respectively, important formal and informal services for secondary 
distribution that perform basically the same document retrieva 
Processes as libraries. Because the collections are relatively sma , 

owever, the store need not be elaborately organized. 
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FIG. E. General scheme of information processing component. 

have the scientific background necessary to judge the 
quality and value of the information in a document, 
rather than having to depend completely on "screening" 
by subject-matter experts, such as is included, at least 
ideally, in producing formal documents (publication). 
Information processing services, therefore, can handle 
informal records and are less handicapped by the time 
lag inherent in publication. Third, an information 
processing service may itself record new scientific in
formation rather than wait for scientists to produce and 
make available records of their work. For example, such 
a service may have an observer record oral presentations 
at scientific meetings, or may obtain oral data from a 
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generator informally. (See arrows designated O in Figs. 
E and C-2A.) 

A scientist processes the information generated by 
others as well as the data he himself collects. When he 
reviews items of information obtained from documents 
and oral communication, evaluates these items, and 
generates a new record, a scientist uses his information 
processing abilities to provide a service to the scientific 
community. A critical review that evaluates existing 
information and achieves a synthesis represents the best 
example of the first of three major types of information 
processing activities or services that have a long history 
in science. The second type evaluates data to produce 
critical tables and handbooks of standard values. The 
third type provides a factual answer to a question, as 
opposed to referring the inquirer to one or more docu
ments that may contain the answer, or several different 
answers. Scientists have always answered colleagues' 
questions, using their own experience to sift available, 
often conflicting, information and arrive at the "best" 
answer; but until fairly recently, such an activity was 
not commonly formalized or "institutionalized" as a 
service capable of meeting a large volume of demands 
from a sizable group of research workers. Currently the 
trend is toward increasing numbers of institutionalized 
services that produce critical reviews, critical data 
compilations, and authoritative answers in specialized 
fields (8). Services that provide any or all of these prod
ucts may be termed "specialized information evaluation 
services,"12 to differentiate them from document process-

12 Or centers, if the information processors are gathered in one 
location. 

ing services, such as conventional libraries, document 
centers, and other activities that do not involve evalua
tion and synthesis. Some, but not all, of the "specialized 
information services" that have recently been identified 
(4) qualify as information evaluation services. 

During the process of information collection, docu
ments are reviewed, and relevant information is ex
tracted. Some services (e.g., the Cardiovascular Litera
ture Project, which produces the Index-Handbook oj 
Cardiovascular Agents) extract, analyze, and store items 
of information to produce multiple-copy, search tools 
that can be used for either reference or information 
retrieval, but leave it for the user to evaluate and syn
thesize the information he retrieves." Such a service 
falls somewhere between the typical document processing 
services (those that concentrate on reference or docu
ment retrieval) and the specialized information evalua
tion centers. 

QUALITY CONTROL AND CHANNEL LIMITATIONS 

The major points at which the output of a typical 
project of the National Institutes of Health (NIH) may 
be subjected to quality control decisions, and the limita
tions of various output channels, are summarized tn 

13 In so far as an abstract may contain all the data or information 
needed to answer certain types of questions, without recourse to 
the source document, an abstracting publication can also be L1S<* 
for information retrieval. Information retrieval in this sense shou 
not be confused with the more common usage of the term- ne 

often hears of "information retrieval" machines, systems, and ser\ 
ices that, more precisely, retrieve only references and/or docu 
ments. 
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Fig. F. Administrative channels are shown on the left; 
major channels to the scientific community are on the 
right. NIH Study Sections exert quality control over 
the dissemination of information regarding a scientist's 
research plans, in that only approved projects are listed 
in the NIH Research Grants Index and disclosed by the 
Science Information Exchange (SIE) on inquiry. Qual
ity control is exercised by the scientific community at 
three main points. First, when an investigator is formu
lating a project and wants to discuss his concepts and 
plans, he will not have the forum provided by small, 
closed meetings of leaders in his field unless he qualifies 
for inclusion in the group and is invited to their meetings. 
Second, his paper will not be accepted for presentation 
at a meeting unless the abstract he submits to the meeting 
planners fulfills their criteria for acceptable quality. 
Finally, a journal will not publish his manuscript if it 
does not measure up to the editorial board's standards. 
Some measure of quality control is exerted by most 
meeting planners14 and most journals; however, with 
enough persistence, a scientist can usually find some 
meeting at which he can give his paper and some journal 
that will publish his manuscript. For each of the two 
main output channels (meetings and journals), there
fore, the quality filter can be pictured as having holes 
of varying size that collectively pass almost all the ma
terial presented to them. 

These three mechanisms for quality control, and the 
several others suggested in Figs. B, C-2, C-2A, C.-3, 
and D-2, are not the only ones that maintain the qualit\ 
°f scientific messages flowing in the system over the 
long term. Two less direct and slower, but more effective, 
mechanisms operate before and after the messages are 
generated and initially distributed. First, by selecting 
and training new generators, the scientific community 

Limiting presentations at society meetings to members (or 
'iduals sponsored by members) is a means of quality contro 1 
nembers are selected for scientific achievement. 

increases the likelihood that the messages they generate 
will meet certain minimal standards. Second, each 
scientist, in his capacity as an information processor, 
explicitly or implicitly evaluates the quality of a col
league's work when he comments on it or cites it. This 
evaluation acts as corrective feedback when relayed to 
the generator directly or indirectly by formal and in
formal channels. Evaluation by formal information 
processing services is only a special case of a general 
process in which the entire scientific community is 
engaged. 

All channels for oral information and for informal 
documents, e.g., unpublished manuscripts and meeting 
programs, reach only a limited segment of the research 
community; whereas, the audience for a formal docu
ment is potentially unlimited. Journal publication of 
abstracts of oral reports is, therefore, often the first 
channel by which new information becomes widely 
available to the biomedical research community. 

The System as Viewed by the User 

The major components and basic operations of the 
entire system are recapitulated in Fig. G. Thus far the 
system's channels have been viewed only from the 
generation end. At this stage it is interesting to reverse 
the viewpoint and look at the system very briefly from 
the use end. 

In this perspective, the information processing com
ponent is seen as using the products of all the other com
ponents. Information processing, as we have defined it, 
requires that the processors have substantive knowledge 
of the scientific content of the documents with which 
they work. Key processes must be performed by individ
uals who are the peers, in scientific judgment, of the 
clientele served, i.e., they must be scientists who are 
themselves active in research. Such scientists, who devote 
varying portions of their time to processing information 
for others, are the scientific "middlemen" described as 
the "backbone" of the type of information center15 

on which the Weinberg Report (8) placed great em
phasis. 

The model, which these diagrams of the system repre
sent, also illustrates the rich variety of channels available 
to the user. To obtain the information he desires, a 
scientist may utilize the products of any or all of the 
four components. The system is highly redundant, but 
in a useful way. The information on a given subject 
carried by different channels varies in currency, quality, 
condensation, specificity, etc. He may choose the channel 
best suited for his individual needs and habits. His 
freedom of choice is, however, limited somewhat in that, 
at the time he wants it, the information may be available 
through only a few channels; and no one component can 
meet all of his needs. For example, if he wants to know 
what a colleague has done in the previous few months, 
he must usually rely on oral communication or on ac-

15 In our terminology, such centers would be called specialized 
information evaluation centers (or services). 
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TABLE 1. Performance and support of functions of biomedical information complex 

" V S P R I M A R Y  S O U R C E  O F  S U P P O R T  F O R G I V E N  T Y P E  O F  P E R F O R M I N G  O R G A N I Z A T I O N  

^ S E C O N D A R Y  S O U R C E  ( P R O B A B L Y  >  1 0 %  O F  T O T A L  S U P P O R T )  

?  P O S S I B L Y  Q U A L I F I E S  A S  S E C O N D A R Y  S O U R C E  X N O T  A P P L I C A B L E  

A = Academic institutions and nonprofit research organizations. I = Biomedical industrial organizations, principally pharmaceutical 
companies. G = Federal Government. P = Professional societies. C = Commercial organizations: publishers, information services, and 
companies performing contract research and development in scientific communication. * "Local" services are those intended primarily 
for local biomedical communities, e.g., institutional libraries; whereas, "general" services are for the entire biomedical community, e.g., 
abstracting-indexing services, National Library of Medicine, etc. f e.g., Psychopharmacologv Service Center of National Institute of 
Mental Health, review publications, handbooks of biological data, etc. | Includes voluntary health associations. § Subscriptions, 
meeting registration fees, membership dues, and other direct charges on users of information services. 

quiring informal documents by correspondence, since a 
time lag is inherent in the production of the formal 
records handled by document processing services. If 
all he wants is a simple answer to a specific, but unusual, 
question, such as "What is the LD50 dose of morphine 
for salamanders?", it is unlikely he will find an informa
tion processing service that can quickly meet his need from 
its data compilations. He will probably have to try the 
document processing services and attempt to find the 
answer somewhere in the documents they will supply. 
Finally, he may find that, with a reasonable expenditure 
of time and effort on his part, the system will not be able 
to supply this information. In which case, if the informa
tion is important to his work, he may decide to establish 
the dosage himself by experiment. 

THE SYSTEM'S SUPPORT 

Table 1 presents a rough and tentative estimate of the 
relative importance of the different sources from which 
the system draws support. The data required for a 
definitive assessment are not available. This analysis is 
in terms of immediate, rather than ultimate, sources of 
funds, e.g., although scientists may use federal grant 
funds to pay for journal subscriptions, the immediate 
source of support is classified here as "user fees." 

Federal Support 

In recent years data on expenditures by federal 
agencies for scientific communication have improved. 
It is now possible to get some idea of the federal contribu
tion to the support of the scientific information complex. 
For fiscal 1963, total federal obligations for scientific 
and technical information activities amounted to some 
$125 million (3).16 About 40 of the $125 million went to 

private organizations (including commercial corpora
tions) as direct support for information services and 
activities. The Public Health Service alone provided 
almost $7 million for "extramural" information services 
performed by private organizations. (Expenditures for 
"intramural" information activities of the Public 
Health Service were around $15 million.) Of this $7 
million, approximately 15% went for activities we have 
classified as formal oral communication, 12 % for publi
cation and distribution, 46 % to document and informa
tion processing, and 28% to research and development 
in scientific communication. An unknown but signifi
cant proportion of certain other federal agencies'17 

intramural and extramural expenditures on scientific 
information activities also represents direct support of 
the biomedical information complex. Their contribution 
to support of the biomedical complex is probably of 
greatest relative importance in the area of research and 
development in scientific communication, where many 
of the findings apply generally to all fields of science. 

Other Sources of Support 

Data on sources of support other than the Federal 
Government are largely lacking, and the various pub-

16 This figure does not include research grant or contract funds 
that were used by grantees or contractors for information services, 
e.g., to attend meetings or to purchase journals. It represents only 
the readily identifiable portion of the Federal Government's 
financial contribution as an immediate source of support and is 
known to be a low estimate. 

17 Agencies sponsoring considerable amounts of biomedical 
research, such as the Atomic Energy Commission, National Science 
Foundation, Office of Vocational Rehabilitation, Department of 
Agriculture, National Aeronautics and Space Administration, and 
Department of Defense. 
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Iished estimates of total U.S. expenditures (private and 
governmental) for scientific communication are difficult 
to relate to the biomedical information complex. Al
though the total cost of each or all of the system's com
ponents is not known precisely,18 it is possible to rank 
roughly the relative importance of different sources of 
support for the major types of organizations that perform 
the system's functions. 

Support for Generation, Recording, and Oral Communication 

The pattern of support for the operations of genera
tion and recording is, of course, identical with that for 
biomedical research itself. The support pattern for oral 
communication can be assessed only for its formal as
pects, i.e., for planned events; informal oral communi
cation, like generation and recording, is inextricably 
associated with the conduct of research. At present, for 
ad hoc research meetings'9 held under the auspices of 
academic or professional organizations, the major 
source of support is probably federal funds; whereas, 
for regularly scheduled meetings of professional organi
zations, registration charges (user fees) are still the major 
source.20 

Publication and Distribution 

T h e  f e d e r a l  G o v e r n m e n t  s u p p o r t s  t h e  o p e r a t i o n s  o f  
publication and distribution directly by subsidies to 
publishers and, more recently, by paying page charges 
levied by journals on authors. Although page charges 

t by commercial publishers of journals are not generally 
r, allowable as direct costs on government grants and 

contracts (to), publishing companies receive some federal 
support as subsidies for publication of proceedings and 
as charges for excess illustrations, tables, etc., paid 
from research grants and contracts. Industry contributes 
primarily by buying advertising space in journals. 

:• Document Processing 

At present, the operations of "local" document process-
>ng services (primarily institutional libraries) are not 
receiving direct federal subsidy; but an unknown pro
portion of overhead funds on research grants and con
tracts is used to support these services. Although the 
percentage of overhead funds allotted by research in
stitutions to their libraries may be small, the total con
tribution from this source may well cover a significant 
faction of the total operating costs of academic libraries, 
ndustrial and academic institutions contribute impor

tantly to supporting the "general" document processing 
services (in particular, abstracting-indexing services) 

Cost estimates for certain operations of the complex have been 
reported <5, 6, 7). 

Convened for a purpose that can be served by one meeting, 
°r n S^ort scr'cs of meetings. 

Only the costs to the performing organization (i.e., the or
ganization arranging and conducting the meeting) are being con-
1 cred here, not travel expenses borne by the participants. 
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through the payment of subscription fees.21 Institutional 
subscriptions account for most of the subscription revenue 
oi the more expensive services. Although not depicted 
in the system diagrams, translation activities may be 
considered a special type of document processing. Both 
the Federal Government and industry currently spend 
arge sums for translations provided by professional 

societies and commercial services. 

Support for Information Processing 

A recent compilation (4) lists approximately 50 U.S. 
services that may meet our criteria for biomedical in
formation processing services, or specialized information 
ev aluation centers. About half are associated with aca
demic institutions or professional organizations. It is 
obvious, from the descriptions given in this compilation, 
that most of the 50 services are actually by-products of 
intramural research programs and are not supported 
primarily for providing service to scientists not affiliated 
with the parent organization, although such extramural 
services are provided to the extent possible. Not included 
in the compilation are biomedical review publications 
issued by professional societies and commercial pub
lishers, and services that are strictly intramural, as are 
most pharmaceutical company services. 

Support for Communication Research and Development 

Private and governmental support for research and 
development aimed at improving scientific communica
tion may currently total as much as $25 million a year 
(12). The result of much of this work is directly or in
directly relevant to the biomedical information complex. 
The Federal Government seems to be the major source 
of support for work of this type, other than that under
taken by industrial concerns, many of which have 
embarked on major programs to improve their intra
mural information services. In fiscal 1963, about $12 mil
lion were expended by Federal agencies for such research 
and development (3). The major sponsors were: De
partment of Commerce ($1.6 million), Department of 
Health, Education, and Welfare ($2.8 million), De
partment of Defense ($3.8 million), and National Science 
Foundation ($2.7 million). With the exception of the 
Council on Library Resources,22 which was set up ex
pressly to support the development of better information 
services, private foundations apparently provide rela
tively little support for communication research, at 
least in the area of scientist-to-scientist communication. 

Trends in Support Patterns 

The annual cost of operating the entire biomedical 
information complex has probably increased, in recent 

21 Current subscription rates for Chemical Abstracts are $500 for 
ACS members and educational institutions, and $1000 for all 
others; for Biological Abstracts, $260 for individuals and nonprofit 
educational institutions, and $325 for others. 

22 In fiscal 1963, the Council spent almost $1 million on such 
projects (x). 
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years, more rapidly than the number of biomedical 
scientists;23 but any conclusions based on the inadequate 
data now available must be very tentative. Even the 
data on federal support are unreliable for assessing 
trends, since the methods used to obtain these data have 
been changing and the completeness with which agencies 
report expenditures for information activities has been 
increasing (3). However, trends in the over-all pattern 
of support are clear. As government sponsorship of 
biomedical research has grown to its present dominance, 
the operations of the biomedical information complex 
have become, in general, relatively more dependent on 
federal support and less dependent on user fees and 
academic institutions. All indications are that this shift 
is accelerating. If the system's users have, through direct 
payment of user fees, played an important role in manag
ing the system, it would seem that a substitute for this 
control mechanism should be developed. 

USES AND IMPLICATIONS OF MODEL 

The model represented by the diagrams is crude and 
qualitative. It does, however, provide a framework 
for collecting data on volume of flow in the various 
channels, on time requirements for processing operations, 
and on manpower, money, etc. These data are required 
to develop the quantitative model that would seem to be 
one prerequisite for intelligent decisions on any long-
term policies that may affect the operation of the entire 
system. Even in its present form, the model has a number 
of uses. Among those we have explored tentatively and 
found to be promising are: 

7) To identify critical operations and activities where 
limited capacity may disrupt the functioning of whole compo
nents or of the entire system. When these points are identified, 
action can be directed toward overcoming the bottle
necks. For example, an analysis of document retrieval 
operations in biomedical libraries apparently indicates 
that the capacity of this chain is inadequate to handle 
the demands that will be generated by the rapid im
provement in reference retrieval services now taking 
place (6). 

2)  To specify the type of processor required for different 
services. Once the operations are analyzed by processes, 
it is easier to determine which jobs are essentially clerical 
(hence potentially amenable to automation) and which 
require a high degree of subject-matter knowledge or 

23 Considering the annual cost of conducting hundreds of bio
medical research meetings, of publishing some 1000 U.S. bio
medical journals and several hundred books, of running scores of 
abstracting-indexing services that process biomedical literature 
and of maintaining over 500 biomedical libraries and various other 
types of document or information processing services, an estimate 
of $50 million for the cost of the biomedical information complex 
(about 6% of total U.S. expenditures for biomedical research) is 
obviously conservative. The total may well be twice this figure. 
Either estimate represents only operating expenses and not the 
capital investment. If the operating cost per research worker has 
not increased in recent years, it is an exception to the general 
trend of research costs. 

other special qualifications (such as education in library 
techniques). Activities that cannot be delegated by 
biomedical scientists to others can also be identified. 
The model shows that, regardless of automation, any 
increase in information processing services will require 
additional scientific manpower. The anticipated returns 
must, therefore, be weighed against competing demands 
for this limited resource. 

3) To determine where innovations may he advantageous and 
to predict their effects on other parts of the system. The model 
helps to predict the probable gross effects of an innova
tion on preceding or subsequent operations in the given 
processing sequence, or 011 operations in parallel chains. 
For example, the model calls attention to a major diffi
culty that arises when some, but not all, of the operations 
in the reference retrieval chain are automated. Greatly 
increased capacity for preparing reference search tools, 
such as printed indexes, will not result in commensurate 
improvement in the sendee provided by the entire chain 
unless the capacity for document analysis is correspond
ingly increased (see Figs. D-3 and D-4). The first opera
tion has proved to be much more readily automated 
than the latter. Subject analysis of documents will 
remain, at least for the near future, an intellectual opera
tion—one for which the present acute shortage of 
qualified personnel is unlikely to be remedied quickly 
unless new approaches are adopted, e.g., author index
ing. 

4) To assess mechanisms for coordinating components, 
operations, and activities. The performance of the system 
depends upon effective coordination of its parts. Certain 
formal mechanisms at present insure some degree of 
horizontal coordination among different organizations 
performing the same basic operations (e.g., for publica
tion, the Conference of Biological Editors; for abstract
ing-indexing, the .National Federation of Science 
Abstracting and Indexing Services). Mechanisms to 
effect coordination among the major functional com
ponents of the biomedical information complex, e.g., 
between generation-use and document processing, are 
largely nonexistent. However, the efforts of the Office 
of Science Information Service of the National Science 
Foundation to promote this tvpc of vertical coordination 
in the larger science information complex are seen as an 
important influence on the biomedical system. 

5) 10 provide a holistic perspectivefor examining the problems 
of biomedical communication. Only within the framework of 
the total complex can the relative importance of these 
problems be judged and sound decisions in allocating 
resources be made. Not until the quantitative aspects of 
the model are better developed can some of the major 
questions about the relative importance of various chan
nels and operations be answered definitively; but frorI| 
what is now known, it appears that the problems o 
reference retrieval have received a disproportionate 
share of attention and of the money and effort devoted 
to communication research and development. 

Another use of the model, which does not lend itself 
to specific illustrative examples but could prove of major 
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importance for future improvement of the system, is to 
demonstrate to biomedical scientists how the biomedical 
information complex and each of its components are 
integral parts of their research effort; how they, as 
scientists, are now involved in all of the system's major 
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INTRODUCTION 

R. Keith Cannan 
Chairman, Division of Medical Sciences 

National Academy of Sciences 
National Research Council 

It has been aptly said that new scientific knowledge is increasing 
much more rapidly than any other product of society. Because this out
pouring of information results directly from the great expansion of re
search that has been instigated and financially supported by society, 
it is not surprising that society has begun to be concerned with the 
fate of the information. Specifically, the question is being asked 
whether the new knowledge is being transferred as expeditiously as it 
might be to those in a position to exploit it in the public interest. 

Pressures for action are developing in both the legislative and the 
executive arms of government. For some time, the Senate Committee on 
Government Operations has been probing and exhorting. Meanwhile, the 
Federal Council on Science and Technology has been working to improve 
the exchange of scientific information among the many government agencies 
involved in research, and the Office of Science Information Services of 
the National Science Foundation has been encouraging the systematic study 
of problems in communication and the search for more efficient methods 
of processing scientific information, as well as promoting cooperation 
among all activities, both private and governmental, that handle scien
tific information. The President's Science Advisory Committee instigated 
two broad studies that led to reports containing specific recommendations 
for action: the "Crawford Report," of April, 1962, "Scientific and Tech
nological Communication in the Government"; and the "Weinberg Report," 
of January, 1963, "Science, Government, and Information." Although these 
studies attempted to cover science as a whole, their general recommenda
tions were influenced primarily by conditions in the physical sciences 
and associated technological fields. 

One report concerned directly with the biomedical sciences and the 
health professions has recently appeared: the proceedings of a Confer
ence on Health Communications called by the Surgeon General, USPHS, in 
November, 1962. The recommendations contained in this document are 
pertinent to the present study. 

The patterns of biomedical communication are in flux and profound 
changes are in prospect. In the places where policies are developed 
and decisions are made, it is recognized that the primary purpose of 
scientific information services is to meet the needs and speed the work 
of scientists. It follows that it is better for change to be fashioned 
from within the scientific community than to be imposed from without. 

1 



Certainly,  sc ientists  must  be prepared to  devote more thought to the 
problem, and then to  take the steps necessary to ensure that their con
sidered views are heard.  

Scope 

As an extension of these and other efforts to SSSSSS and Strengthen 
the information resources of  science,  the Director of the Natlonal Ioeti-
tutes  of  Health,  in October,  1962,  invited the Chairman of the Division 
of  Medical  Sciences,  National  Academy of  Sclences-Natlonal Research 
Council ,  to  organize and conduct  "a broad examination and assessment _  - L  l u u u u v . 1 .  a  u i  u a u  r * a m l  u a L  I  U f l  . 1 :  .  .  ;  

of the problem of communication among working scientists in the blo-
mjjt  Subsequent conversations indicated that the Director 

a n  i n t e n s i v e  s t n d v  t h . i r  u , i n l , i  «  i . .  . .  
medical area. uui/acijucui. <-unvci.9ai.xunB inaicatco cnac cne uirector 
was th ink ing o f  an  in tens ive  s tudy that  would  deve lop,  in the space of 
a few months ,  some bas ic  considerat ions  that  would  be helpful in shaplm 
nat iona l  po l ic ies  wi th  respect  to  improving the  biomedical communlcetioe 
complex ,  i . e . ,  the  aggregate  o f  a l l  in format ion  activities serving bio-

™"a"h- y "as therefore agreed chat cha propoa.d .cudv ahould 
scle„uat"ef„ r"' Flr,e' ic *hould he confined Co "aclentl.i-to* 
»0 ĵL .el̂ "r. "al0n- that better co-unlc.ttom bece. 
and the public are P^° pract It loner, and batwaan eclentliti 
the study should so^freha"^*''^ Tf'"' °' •*"*• Skoo<' 
modern Informetion technology nthe Th l'" *nd '"P1 lc,t IOM »' 
appl icat ions  in  in format ion  L. a C C«»Pt to eveluste specific 
investigated by other competent !rS1"8 * l r e a dy b e i n« •ctivtly 
encouraging the flow of biomedicf i°inf'  c h*rd. the Importance of 
tic, and cultural boundaries should " f o r m a t l o n  «cross national,  Unguis-
be p laced on the  problems and needs o f  ^k n 0 w l e d« e d '  b"t emphasis should 
medica l  in format  ion  in  the  Uni ted  C  8 e n e r a tora a n < j  users of bio-
American biomedical community. S t a t e s> and on actions relating to the 

Organization 

if anything more i-hnn ^ 
the imposed time limit, i t  wa."J*??®**1 Survey were to be made within 
help of organizations already kno that th<? Dlvl«l°n would need the 
communrcaUou. Accordingly,3^cd' 8 "th* °f bloa.dlc.1 

res for Experimental Bi'oi Peration of the Federation of itaerican 

reserve C°—Nation Ĉ FASEB> InstÛ ôr Adtoce-
1 ' ^ °ff ice of Docume S S°U8ht «d h.s been given without 

:X ™or';Eft Dr- S V '5: ̂ ^x—rcb'cc-ciiw. 
Of a small group of' "l8n and ^f ^CCOr.°f ZL - • • sr°up Of expert ot the project and for the asseol of a small group of §n 3nd c°nduct of L . accePted 

part-time bfsls f PSrt ""aultants to , j Pr°J«" •"« for the 
study mas formally ? °utllne of a program " * *Pec1*' .tudle. 00 • 
he end of OctobeJ l<»!n on January 1 I of •,qU'Ckl y and the 

1963. tar completions fh' WUh * " 
or the report. 
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Shortly after the staff work began, an Advisory Committee was ap
pointed under the able chairmanship of Dr. Maurice Visscher. The members 
were selected to be broadly representative of the biomedical field and 
on the basis of an avowed interest in questions of scientific communica
tion. The function of the Committee was to guide the staff studies, to 
review the results, and, on the basis of these and of the opinions and 
judgment of its members, to develop a statement of principles, conclu
sions, and recommendations. 

Definitions 

At the outset, the staff was faced with the task of finding an 
operational definition of the term "biomedical." The conclusion was 
soon reached that no categorical definition could be contrived that 
would be meaningful to the purpose of the study. It was therefore 
decided to sidestep the issue by agreeing (1) that "biomedical informa
tion" would be considered to comprise all information that NIH might be 
expected to regard as significant to its mission, and (2) that the "bio
medical community" would be considered to include all scientists who 
might generate such information. Inasmuch as the objective of the study 
was to provide a report helpful to NIH, this may, perhaps, be accepted 
as a legitimate evasion. 

Ob j ectives 

Within the limitations of time and of staff, the study was designed 
to achieve the following objectives: 

(1) to survey the existing complex of information 
services, and to consider the degree to which 
it constituted a coherent, functional system 
(including not only such formal channels of 
communication as meetings, journals, indexes, 
abstracts, and reviews, but also informal, 
person-to-person communication); 

(2) to analyze past and current studies of scien
tific communication in terms of their pertinence 
to the biomedical field; 

(3) to collect data on the biomedical information 
services and the communication habits and 
prejudices of biomedical scientists, and to 
collate views on ways of improving the exist
ing biomedical communication complex; and 

(4) to identify basic principles and derive con
clusions, as guidelines for private and govern
mental agencies responsible for promoting bio
medical communication, distinguishing between 
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actions that may appropriately be taken forth
with and those that require further study 
testing on a pilot scale. 

Final Report 

The studies of the staff were reported to the Committee as they 
proceeded. From August onwards, the Committee devoted itself to the 
preparation and refinement of statements of basic considerations an 

of conclusions and recommendations. Because the Committee s views are 
summarized in these statements and because the Committee was not asked 
to assume responsibility for the whole content of the staff studies, 
the latter will be issued as a supplement to this Report. The supple
ment, whose length and detail will delay its publication by several 
weeks and whose circulation will be more limited, will contain the full 
text of eight staff papers that summarize findings relating to some ol 
the major aspects of biomedical communication. 

The Report has been prepared for and is formally submitted to the 
Director of the National Institutes of Health. Those who have worked 
on the project hope that it will also be of interest to those actively 
engaged in biomedical research and to the specialists in communication 
who seek to serve biomedical research. 

4 



FOREWORD 

Maurice B, Visscher 
Chairman, Advisory Committee 

The accompanying report by the Chairman of the Division of Medical 
Sciences of the National Academy of Sciences-National Research Council 
represents a comprehensive and, it is hoped, constructive synthesis of 
the contributions of the staff operating under the aegis of the Division 
of Medical Sciences, the Federation of American Societies for Experimental 
Biology, and the Institute for Advancement of Medical Communication, with 
the guidance of the Advisory Committee. 

In as complex a matter as the subject of this report, it is inevitable 
that various individuals who have participated in determining its content 
and emphasis would have varying.judgments as to the relative value and 
urgency of the several elements under consideration. The report reflects 
a middle ground of varying views and appears to us to have great merit in 
pointing out the continuing responsibilities of the biomedical science 
community in the communications field. By pointing out a large number of 
areas in which advancement in the effectiveness of communication could be 
accomplished by a combination of governmental and nongovernmental actions, 
it would appear to have immediate practical significance. 

The Advisory Committee in its several two-day meetings has served 
to provide the Division of Medical Sciences and the staff with a group 
of scientific and professional experts whose criticism and suggestions 
have made possible a report with both balance and creativity. 
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STATEMENT OF BASIC_COIjSIDERATIONS__ 

A. THE NATURE OF THE PROBLEM. 

!. te„ sssiim is reg1 end fflffl. both the public .nd the 

sri p-ntif ic community. 

. „ _o -;n most human affairs» has always 
Communication in science, as to WO ̂  decade8> however, have 

»£ iszsrzzjsrz £ 
Seyhori^s of'the °raditloLr«clentlfic discipline, end the w.y. In 
which research is conducted and administered have 
These developments have combined to impose on the national "aource 
for scientific communication severe stresses that are both quantitative 

and qualitative. 

Most scientists today acknowledge that the communication problem 
is real and important, but relatively few feel that the aituation is so 
critical as to call for crash programs or precipitate maaaive innova
tions. The general demand is for continuing intensive study and experi
mentation; and the scientific community has. accordingly, approached the 
problem conservatively by expanding established forms of communication 
and by evolving and testing new forms. 

Today, however, scientific communication is no longer the concern 
of scientists alone. It is a problem in the public domain. Now that 
society has adopted research as an important instrument of national 
policy, the scientific community must accept the obligation to satisfy 
the public that the massive social investment in research ia being 
soundly managed. Some of those responsible to the public for the 
nurture and surveillance of the research effort have become fearful 
that the social returns on the investment are being delayed by inade
quate communication of the results of research to potential users. 
This concern has also been voiced by individual scientists in all fields. 

The community of science must examine critically its ability to 
continue to manage and improve its own conraunications. Unless the 
scientific community shows more concern for this problem, it ia likely 

tion? "S traditl°"al control over the form. of It. co««»tc.-

" UDiem ls j-aLeiuacionai 
initiative will speed national and regional 

boundaries, scientifi^commf constralned by national or cultural 
and free exchange acrosal̂ r̂̂ i ̂  1 ln l" 
couraged in all practicable wavs lan»ua8e barriers must be en 

y • The promotion of cooperation and 
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innovation at the international level, however, is a slow and deliberate 
process. Progress can be accelerated if functional national and regional 
scientific organizations will put their own houses in order and take the 
initiative for international action. 

3. The problem is science-wide, but the realities of the present 
organization of science and its communications by disciplinary 
groups need be considered for effective action toward improve
ment . 

An ideal system of communication would embrace all of science. 
Science is largely organized and managed, however, by disciplines and 
in disciplinary groupings, not only professionally and institutionally, 
but also with respect to sources of support. Inevitably, these digci-
plinary groups have developed channels of communication to meet their 
own particular needs. To make the most of the communication resources 
they have developed, and to prevent disruption of their communications, 
the disciplinary groups must play an active role in the development of 
the new and expanded services required to handle the growing volume of 
scientific information. 

4. The biomedical community is a functional disciplinary grouping 
appropriate for initiating action to increase the efficiency 
of its communication channels. 

The life sciences constitute a rational segment of science 
and, within the life sciences, the biomedical sciences are a coherent 
group identifiable by their own professional and institutional organiza
tions, by common conceptual foundations, and by particular obligations 
to the health and medical services of society. Like other disciplinary 
groupings, the biomedical community has evolved its own communication 
channels. It is appropriate that this community assume the initiative 
in designing and implementing the changes required to serve its special 
communication needs. Although it seems best, for practical reasons, to 
approach the problems of scientific communication at the biomedical and 
national levels, it is of the utmost importance that means should be 
developed to improve interdisciplinary and international coordination 
of these partial efforts so that the intellectual unity of science may 
be sustained. 

B. THE NATURE OF SCIENTIFIC COMMUNICATION. 

1. The functions of communication services are broader than mere 
transmission of the results of research. 

It is sometimes implied that the primary need for good com
munication services is to ensure that the final product of research 
shall be expeditiously incorporated into the body of current scientific 
knowledge. This is a narrow view. Scientific communication fertilizes 
research at all stages in its conception, development, and fulfillment. 
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The kinds of communication services that the scientist require, change 

with the progress of his investigation. 

2. Scientific communication is an intellectual, not a mechanical, 

proces s. 

The problem of improving scientific communication should not 
be conceived as chiefly one of finding more efficient means of switching 
"facts" from points of origin to points of use. The problem is much more 
complex and elusive than this. Intrinsically, scientific comnunicstlon 
is an intellectual interaction between individual minds. It is personal 
and intimate - It has an evanescent quality and is loaded with value 
judgments. Conceptual scientific communication in particular requires 
a degree of resonance between sender and receiver that cannot be ensured 
by efficient switching devices. Any service that is to aid this process 
should be so designed as to accommodate these subjective attributes of 
the process. 

3. The complex of activities contributing to scientific cocounlca-
tion is only partly formalized. 

Studies of the scientific communication complex and efforts 
toward its improvement have tended to concentrate on the formalized 
channels and tools of written communication, such as Journals, bibli
ographies, abstracts, and reviews. Recently, the formalized oral com
munication represented by the structured part of meetings has received 
some attention The working scientist, however, does not depend on 
these formal channels alone. Much of his essential conmunication, 
whether oral or written, is informal and is achieved through Impromptu 

InC£heSonerat-a to~person basis bV conversation and correspondence. 
In the operation of the communication complex and in the design of com
munication services or "svstem<? " 4 c 

information should be given due'weigh" 0r°al of 

4' is for better rather than -or. 

knowledge in the light of^eJTinf™ « Che continuous reordering of 
mere accretion of "facts." Th mation and concepts, rather than by 
calls for a more rigorous winnLinrofnfh°UtJ!Ut °f blomedlcal Information 
severe control of quality - and f wheat from the chaff - a more 
formation in the perspective of th' 8^ater emphasis on viewing new in-
evaluation should be exercised at *i? SUCh contro1 «"d critical 
from generator to user. On] v 3j, sta8es of the consnunlcatlon chain, 
vital functions of science. m6 sc^entists can perform these 
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5• Communication requirements vary with the individual scientist, 
his role, his field, his project, and his environment; this 
variety must be accommodated by the complex of information 
services. 

A scientist may play many roles in the biomedical scene. At 
one time or another, he may be investigator, practitioner, teacher, 
evaluator, administrator, or manager. What information he requires 
and how he wants it will vary with his role as well as with the field 
of his inquiry, the nature of his problem, the progress of his investi
gation, and the intellectual environment in which he is working. An 
effective biomedical information complex must be comprehensive and 
flexible enough to respond to the changing requirements of the individual 
scientist and to accommodate the wide variety of biomedical investigations 
and investigators without imposing on all the patterns peculiar to any one. 
An information service that attempts to be all things at all times to all 
scientists is likely to be satisfactory to none. 

6. Modes of communication and types of information service useful 
in the physical sciences ate not necessarily appropriate for 
biomedical research. 

The range of functions that the biomedical communication com
plex is called upon to perform is much the same as that in any other 
area of science. The environment of biomedical research, however, is 
distinctive in many respects. The fact that biomedical investigation 
is focused on the nature of living ptocesses imposes unique restraints 
upon experimental approaches and unique levels of complexity on the 
ways investigators organize their thbughts and vocabularies and pursue 
their studies. Large organized programs of research are the exception 
and the technical report, which plays so important a role in engineering 
and in areas of the physical sciences that are oriented toward technical 
development, is a relatively unimportant channel for biomedical communi
cation. Biomedical research, moreover, is conducted mainly in academic 
institutions and is rooted in individual initiative. For these reasons, 
new forms of communication and new types of services that serve other 
scientific communities effectively will not necessarily be appropriate 
to, or of comparable usefulness in, the biomedical sciences. 

C. DESIGN AND MANAGEMENT. 

1. The biomedical community should retain responsibility for 
managing its communication complex. 

In the past, the community of biomedical scientists has been 
largely responsible for evolving and managing its own information 
services. This is natural inasmuch as the biomedical investigator is 
the primary generator, evaluator, and user of the information generated 
by the biomedical research effort. The vast expansion and the profes-
sionalization of this effort in recent years has greatly magnified the 

JA 



tasfc of processing 
critically new situation that justities reiievj..b 
of this responsibility. 

2. Today's communication problem requires new relationships 
between biomedical scientists and professional information 
processors in their information services . 

The traditional handlers of scientific information — editors, 
librarians, and publishers -- have been recently reinforced by new types 
of information processors between generators and users -- documental-
ists, computer engineers, information system designers, audiovisual 
experts, document analysts, and other kinds of specialists. Despite 
the efforts of the most able processors of both the traditional and 
the newer types, however, the communication complex cannot function 
efficiently without the active and educated participation of the 
generators and consumers of the information. The mounting loads and 
demands on this complex can be met only by intimate cooperation among 
generators, processors, and consumers. Those who process biomedical 
information must be integrated into the biomedical fellowship. 

3. Tomorrow's communication system should be developed from the 
present complex by judicious introduction of innovations. 

It is sound policy to build upon the communication complex 
that now exists and has been proven by experience. Major innovations 
should be incorporated only after they have been tested for accepts* 
bility, efficiency, and compatibility with other components of the 
complex. 

Effective coordination is necessary to transform the present 
complex into a system that can perform as required at reasonable 
cost. " 

An ideal system for biomedical comnunication would provide 

! 2s* 
performance of the complex and its «ffi / °Ped- Both the over-all 
expenditure of manpower and money suffer""^" "* 
necessary to ensure complementarity and ett*r coordination is 
abstracting services, and libraries compatibility between journal 
among abstracting services Th ' 3S w 1 as among libraries and 
however, an argument for a'monoti"?ument for coordination is not, 
flexibility and plurality in i f ,master plan. There is need for 
for some redundancy and for some01™3^00 services* There is a place 
to serve particular groups and individuals^36 repacka8e Info™"1011 

s, 

10 



5. A comprehensive communication system requires services for 
information processing as well as document processing. 

A comprehensive biomedical communication system must include 
not only document processing--the systematic distribution, storing, and 
cataloguing of documents so that they reach those likely to be interested 
and may be retrieved readily on demand--but also the collection, evalua
tion, digestion, synthesis, dissemination, and retrieval of items of 
information selected from documents and other sources. This information 
processing begins where the processing of documents leaves off and re
quires a different type of processor. Compendia, critical tables, and 
review articles represent traditional types of information processing. 
These are and will continue to be of great value to science. These 
forms do not, however, completely meet today's needs for specific in
formation on demand. Recently a number of services have been estab
lished that provide users, on a continuing or demand basis, with items 
of information in a narrowly defined field. These services have come 
to be known as Specialized Information Centers. Those services that 
also undertake to provide expert evaluation of the quality, validity, 
and significance of the information proffered qualify as Specialized 
Information Evaluation Centers of the type recommended in the Weinberg 
report. 

6. Authors and editors must participate to make document and 
information processing more efficient. 

Efficiency in processing documents and information for ready 
retrieval and use requires close cooperation between the generators of 
information and those who carry out the processing operations. Authors 
and editors must accept a responsibility for presenting new material 
in forms that facilitate indexing, abstracting, evaluation, and synthe
sis . 

7. Modern technology should be exploited with full appreciation 
of its promise and problems. 

Modern information technology, including intellectual tech
niques as well as mechanical and electronic equipment, by saving time 
and manpower, can contribute significantly to making better services 
possible. Mechanization of clerical operations can greatly expedite 
storage and retrieval of documents. Every effort should be made to 
exploit these new techniques in biomedical communication. Future 
technological developments hold the promise of automating completely 
some types of information services, including operations now considered 
to be intellectual as contrasted with ̂ itrTTeal, but it should be recog
nized that the transition from partial mechanization to complete auto
mation may carry the danger of reducing the flexibility previously pro
vided by men in the processing chain. Efficient mechanization and 
automation will require a greater degree of coordination and compati
bility of services than now exists. 
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8.  Local  biomedical  l ibrar ies  arc  the logical  channels  for  access  
to  the total  resources  for  document  and information processing.  

Services  are  more readi ly  adaptable  to  individual  needs and 
are  more ful ly  used i f  they are  in  immediate  contact  with the scient is t .  
A coordinated network of  s t rong local  l ibrar ies  and information servicesi  
l inked to  the large nat ional  and regional  l ibrar ies  and to  other  central
ized information services  > wi l l  provide the channels  through which a  
sc ient is t  can tap nat ional  resources  yet  re ta in  the advantages of  deal
ing by personal  contact  with a  local  service.  

D.  SUPPORT: FUNDS, RESEARCH, AND MANPOWER. 

1 .  The biomedical  community previously exercised control  of  I ts  
communicat ion complex by holding the "purse s t r ings";  ways 
must  be found to  preserve control  as  publ ic  subsidy increases .  

In  the past ,  biomedical  information services  have not ,  in  the 
main,  been a  publ ic  charge.  This  i s  a  heal thy t radi t ion that  should 
be maintained as  far  as  possible  because i t  provides  the best  assurance 
that  the biomedical  community wi l l  cont inue to  control  i t s  own communi
cat ions.  With the great  expansion of  sc ient i f ic  information in  recent  
years ,  however ,  i t  has  proved impossible  to  maintain some of  the essen
t ia l  communicat ion services  and to  meet  some of  the demands for  new and 
improved services  on the same basis  as  in  the past .  The sponsors  of  
research have found i t  necessary to  subsidize many services  performed 
by pr ivate  organizat ions and to  establ ish and operate  themselves  a  
number of  new services ,  some of  which are  intended pr imari ly  to  serve 
their  own managerial  needs.  The necessi ty  for  research sponsors  to  
support  communicat ion services  wil l  probably increase as  biomedical  
l i terature  and the s ize  and complexi ty  of  the  biomedical  research 
effor t  cont inue to  grow. In  this  s i tuat ion,  i t  is  essent ia l  that  new 
mechanisms be developed to  preserve control  by scient is ts  and ensure 

/ rTt l  ?  c°®Plex do not  become autonomous and poorly re
la ted to  the community funct ions they are  intended to  serve 

2 -  Research on scient i f ic  communicat ion 
medical  pff n^ .  IT—Z •- °an speed the total  bio-

and recog-

Research on the means and processes  of  ccm«,  < • ,  «.  
a  very s ignif icant  contr ibut ion to  H,o f? f communlcation can make 
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ce lonal  l ines  of  research.  
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3. Mounting demands for trained personnel to provide services and 
conduct research in communication require recruiting and train
ing programs best based in academic institutions. 

There presently exists a shortage of trained personnel to man 
existing biomedical communication services. Any large effort to im
prove and diversify these services will intensify the demand. A sus
tained effort in recruitment and in the provision of a variety of 
training programs is required. There is need to recruit personnel 
whose major experience has been in biomedical investigation or instruc
tion and to train them in the techniques of handling documents and in
formation. There is need, also, to acclimatize librarians, documental-
ists, and other types of specialists in information handling to the 
concepts and practices of biomedical investigation. Both types of 
training are best provided in an academic atmosphere where education 
is associated with research in communication. Graduate schools for 
the biomedical sciences, with their local communication services and 
their university environment, can supply this atmosphere but will 
probably need to be subsidized if they are to develop the needed facili
ties . 

Although the required numbers of personnel are smaller, recruiting 
and training programs for research in communication are equally critical 
The ideal atmosphere for these programs is also the biomedical graduate 
school. 
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CONCLUSIONS AND RECOMMENDATIONS 

A. THE RESPONSIBILITIES OF THE BIOMEDICAL COMMUNITY. 

1 In the catalogue of Basic Considerations that has been presented 
above', repeated emphasis is laid on the principle that the biomedical 
community must continue to play an active role in the conduc and manage
ment of its communications if the quality and usefulness of the scien
tific record is to be maintained. This responsibility should be accepted 
not only as an obligation to science and to society, but also as a chal

lenge to scholarship. 

A large segment of the biomedical community does accept this obli
gation and challenge. There are many others, however, who are reluctant 
to serve as teachers, editors, referees, critics, or evaluators of the 
literature in the fear that these responsibilities will be a burdensome 
distraction from their own investigations. The Committee recognizes a 
need to diffuse more widely amongst scientists an appreciation of the 
principle that the nurturing of good communications is an intrinsic and 
rewarding part of the advancement of knowledge, a hallmark of scholar
ship, and a stimulus to creativity. There is need, also, to extend 
greater academic recognition and prestige to those scientists who will
ingly contribute thought and effort to the improvement of scientific 
communication and to the members of those professional groups that 
operate information services for the benefit of scientists. Participa
tion in the communication process should be more widely spread over the 
expanding biomedical community so that the burden on individual scien
tists will not be onerous and the fellowship of science will be enriched. 

2. Much can be done by individual scientists to improve the existing 
channels of communication and prepare for the introduction of new types 
of information services. 

In their role as instructors. scientists should place more emphasis 
on training their graduate students in oral coninunication and the use 
of visual aids, in the writing of original papers, in editing and ab
stracting, and in the preparation of critical reviews and bibliographies, 

ere is need also to train students more adequately in the use of li" 
an ° other information retrieval services and to encourage 

All thespXP ^6.t^e potentialities of modem information technology-
ments tn the e ShOUld be Produced to students as intrinsic ele-
to identifv th 3 matUre investigator. Instructors should be alert 
problems of °CCas:Lonal student who evinces an unusual interest l» 

problems as worthy inteUe^lf^^^'8' hlm '*° *** 
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serve them so that a spirit of mutual participation in research by the 
generators, users, and processors of information may be cultivated. 
Libraries will be encouraged thereby to seek to improve and diversify 
their services in ways that will be most responsive to the needs of 
individual investigators. 

As members of faculties, scientists can promote the importance of 
local scientific communication services at the administrative levels 
of their institutions and can press for more adequate support of insti
tutional library services. 

As members of national advisory groups, scientists have the oppor
tunity to encourage sponsors of research to promote the study of prob
lems in communication and to explore the potentialities of new proposals. 

As members of editorial boards, scientists should also seek to im
prove coordination, to maintain high standards of quality, to accelerate 
publication, and to reduce costs. They should cooperate with the Con
ference of Biological Editors and with other private and governmental 
organizations in seeking these ends. 

B. FACILITIES AND SERVICES. 

1. Clearinghouse for Biomedical Meetings. 

a. Open Meetings. The Library of Congress, the Department 
of Health, Education, and Welfare, and other governmental and private 
agencies provide information on forthcoming meetings of interest to 
biomedical scientists in addition to the meeting notices printed in 
many professional journals. Science and the Journal of the American 
Medical Association publish particularly extensive lists of future 
meetings. International meetings are covered by the Council for 
International Organizations of Medical Sciences (CIOMS). These 
services are steadily improving but do not cover all meetings. A 
national clearinghouse of information on biomedical meetings should 
be established in an appropriate institution such as the National 
Referral Center for Science and Technology of the Library of Congress. 
Those who sponsor or support meetings should ensure that the organizers 
of these meetings inform the clearinghouse of plans and programs. The 
clearinghouse would provide any announcement service with information 
on open meetings to supplement that from their own sources and would 
also, on request, provide organizers of prospective meetings with 
information on possible conflicts or duplication. 

b. Closed Meetings. Attendance at many biomedical meetings 
is limited to invited participants. Support for many of these closed 
meetings is sought from funding agencies, which, if they are to program 
effectively and to avoid undesirable duplication, should have means of 
learning whether related meetings have recently been held or are under 
consideration. The proposed clearinghouse would provide this information. 
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2.  Nat ional  Translat ion Clear inghouse.  

Although the past  few years  have seen the development of 
several private and governmental centers that maintain lists of 
existing translations of scientific documents and provide copies of 
translations on request or inform potential users about where these 
translations may be obtainedj the completeness» speeds and ease of 
use of the service provided by these centers leave much to be desired. 
The PHS should assume leadership to ensure that an effective national 
clearinghouse is developed for the biomedical community by working 
with NSF to improve one of the existing clearinghouses. To avoid the 
expense of paying for translations that have already been made else* 
where, biomedical libraries and information services should be able to 
learn quickly from such a clearinghouse, by mail or faster means, 
whether a desired translation is available elsewhere. 

3.  Local  Translat ion Coordinat ion Centor  s . 

All  l ibrar ies  of  ins t i tut ions conducting biomedical research 
should act as local translation "coordination" centers to which bio
medical scientists could turn first when they need translations. 
Libraries should be organized to perform the following functions in 
response to a request: find a translated abstract; determine whether 
any of the institution's staff have the required language and subject-
matter proficiencies; arrange for partial translations by local staff; 
search lists of translations that have been made elsewhere and, if the 
esire translation is available, obtain a copy; contract with com-

i services for translations that cannot be accomplished by locel 
and rpoi Jor3" n?t iated as available, or that are urgently needed; 
t ranslat ion ^  , r a" s l a t : L o n s  m a de or  ordered locally with the nations! t ranslat ion clear inghouse.  

4 .  Audiovisual  Mater ia ls .  

Nat ional  AudioJ^ua^Facilit^fl^K r*corded in audiovisual form, the 
the PHS should be developed to th Communicable Disease Center of 
National Library of Medicine P°int where it is analogous to the 
and a  compiler  of  " toolc"  a a  a central resource for such records 

for their retrieval. 

5' SE££^U^^°rSation Ev.lu.Mon ,, • 

or  "service"  i f  decentral ized^ ihf°yT!l0n e v* l u« t l°n center" (SBC).  
avai lable  to scient is ts  on a used to designate a service 
forms one or  both of  the foi l™- ^  °C  i n t e r n a t lonal basis thst per-
research and development-  eva^"?* f u n c C l o n s  •  designated f ield of  
val idi ty  of  information;  and svnth ° f  t H e  q u a l l tV- reliabil ity,  or  
a number of documents or other s GS1S °f lnformation extracted froa 

urces .  Providing th is  type  of  service  
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requires the participation of scientists who are themselves actively 
engaged in research in the given field. 

By this definition a number of existing services qualify as special
ized information evaluation centers (or services), for example, the 
Handbooks of Biological Data compiled under the auspices of the Federa
tion of American Societies for Experimental Biology, the American 
Physiological Society's continuing series of Handbooks of Physiology 
and periodicals devoted to critical reviews, as well as less conven
tional services, such as the Psychopharmacology Service Center of the 
National Institute for Mental Health. Existing services of this nature 
should be supported and strengthened once their quality and utility have 
been established. 

Currently there is considerable enthusiasm for establishing new 
centers to handle unpublished and published information in active bio
medical research areas and to provide service that emphasizes currency, 
speed, and responsiveness to inquiries by individual scientists. The 
value of this type of SIEC, when properly conceived and organized, has 
been established for certain areas of engineering and the physical 
sciences. However, since such centers are expensive in terms of both 
money and research manpower, and since biomedical research has dis
tinctive characteristics, this concept of service should be adopted 
with caution in the biomedical field pending the outcome of pilot 
projects. Agencies funding biomedical research should support by 
contract a limited number of carefully selected pilot projects for 
a 3- to 5- year period, with built-in provisions for objective evalua
tion. Special attention should be given to ensuring that such centers 
utilize to the optimum the services of existing document processing 
services, such as MEDLARS, rather than duplicate their work. 

Although not designed specifically to evaluate this concept of 
information service, experience with the National Clearinghouse for 
Mental Health Information now being developed by NIMH, and the National 
Clearinghouse for Drug Information planned by the PHS, will also pro
vide information useful in assessing the promise and problems of SIEC s 

in biomedicine. 

6. Specialized Information Centers. 

This term is currently used very loosely; at one extreme it 
is used as equivalent to SIEC, at the other it denotes a collection 
of documents specialized for a particular area of research and organ
ized to provide rather conventional library services to scientists on 
a national or regional basis. Several hundred services in the U.S. 
have been identified, to which this term in the broad sense might be 
applied. Currently the National Science Foundation is encouraging 
the development of objective methods for evaluating the quality and 
utility of the variety of services offered by such centers. Although 
there are undoubtedly areas of biomedical research that could profit 
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formation in a given area (polished a P sophisticated ways, 
documents so that they may be retrieved in highly » P 
in general the greatest promise seems to °e InforM-
information rather than documents and that ma P ... f 

tion retrieval, by providing scientists with the specif c terns of In 
formation they want rather than referring to documents ̂  """J" 
the desired information. This type of service may consist publi-hUg 
a "tool" that assists such information retrieval, e.g., the Index-handbook 
of Cardiovascular Agents, or of answering specific inquiries, e.g., the 
Cancer Chemotherapy National Service Center. 

Like SIEC's, this type of center is expensive in money and scientific 
manpower. Although scientists actively engaged In research may not be 
necessary for this type of information processing, a high level of scien
tific competence is required. Support for existing and new centers of 
this type should be governed by the same considerations as that for 
SIEC's. 

7. The National Library of Medicine. 

As the central resource for the network of biomedical libraries 
and information services, and as the major indexing service In the bio
medical field, the National Library of Medicine is the hub of the entire 
document retrieval component of the biomedical communication complex. 
NLM is to be congratulated on the careful planning that has gone into 
the MEDLARS program and into increasing the coverage, currency, and 
quality of Index Medicus. The biomedical community and all agencies 
concerned with biomedical communication should give NLM full support 
in its efforts to improve its services, which are Indispensable to the 
effectiveness of the present complex and to its future development. 

NLM is at present considering many plans for new types of biblio
graphic services. The following represent endeavors worthy of specisl 
attention: 

it is essential for the biomedical sciences to 
have a single, master bibliographic tool that 
is truly comprehensive and sensitively reflect. 
the changing scope of biomedical re.e.rch, NLM 

ldJ'"""raged to broaden the coverage of 
Index Medicus MpnjApo r 
out But nf IT Q k7 Mtl;LARS to encompass the total 
witht biomedical research, beginning 
with that supported by NIH and other governmental 
agencies, regardless of whether th! f ^ w 
lication is a Journal ar^Vi V f°m °f pub' 
report, or other type of So ' t«chn1'*1 
Of Whether the document is°^ument' and irrespectiva 
dexing service Tr.a f covered by another in-

8 ervice. Indexing performed by other aervices 
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could be accepted if compatible with MEDLARS 
and suitable for the biomedical community. 

NLM, in consultation with the National Federa
tion of Abstracting and Indexing Services, 
should be encouraged to seek out gaps and 
deficiencies in the abstracting coverage of 
biomedical literature and to assume leader
ship in seeking to close these gaps and 
correct any deficiencies. Particular ef
fort should be made to ensure that all sub
stantive foreign literature is being ab
stracted with reasonable promptness. The 
current NLM program to improve abstracting 
coverage of Russian literature as well as 
that in other languages commanded by few 
American scientists is an excellent step 
in this direction. Eventually, it may be 
desirable to include for each biomedical 
document stored in the MEDLARS system 
either an abstract or information on where 
abstracts of the article may be found. 

The current NLM program supports the pub
lication in widely circulated journals of 
translations of Russian articles carefully 
selected by editorial referees. This pro
gram is an excellent way of introducing to 
the U.S. biomedical community relatively 
unfamiliar and neglected segments of the 
foreign literature. NLM should be en
couraged to extend this concept to other 
foreign-language material that is also 
unfamiliar to American scientists. 

NLM should utilize the full resources of 
the Federal Library System (Library of 
Congress, Library of the Department of 
Agriculture, etc.) and endeavor to fill 
any request by a library for a document. 

While the MEDLARS program will utilize 
the terminology of requests for subject 
searches as a guide for revising and 
updating the subject headings for Index 
Medicus, NLM should be encouraged in its 
efforts to establish continuing mechanisms 
whereby the community of research workers 
can participate directly in developing new 
subject headings and revising outmoded 
terminology. 
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f NLM should ensure that the biomedical community 
ami its libraries are aware of recent changes 
in the policy of the Defense Documentation 
Center (formerly ASTIA) that make its services 
for searching the technical report literature 
and obtaining copies available to all grantees 
and contractors of the Public Health Service. 

8 . Support of Local Biomedical Librai ies. 

The libraries of academic institutions represent a vital 
component of the biomedical communication complex. This component 
has, however, deteriorated progressively from lack of support while 
the demands on it have steadily mounted. If institutional biomedical 
libraries are to function as local information service centers through 
which the scientist can tap the total national resources for document 
and information retrieval, and if scientists are to obtain the documents 
they learn about through the more efficient reference retrieval services 
that are being rapidly developed, strengthening this key component of 
the complex must have the highest priority. 

An effective program to repair the damage resulting from years of 
neglect and to transform biomedical libraries into modern Information 
service centers will require substantial financial support as well as 
efforts to train personnel, to develop new and improved types of serv
ices, to establish standards of service, and to elevate the status of 
libraries in the academic environment. For the short term, this support 
should be in the form of direct grants-in-aid to academic libraries in 
amounts sufficient to enable each to improve substantially and rapidly 
the quality and scope of its services and to enable all to meet certain 
minimal standards of service. This aid should supplement, not replace, 
regular institutional support. For the long term, means must be found 
to ensure that these libraries are adequately and continuously supported 
so that they may provide a high level of services to biomedical scien
tists. This may require the routine allocation to library services of 
a set percentage of research funds received by biomedical Institutions. 

9 . Interlibrary Loan Network. 

informatinnhco10?d °l interlibrary loan network of the biomedical 
sharply with?heT ^ increasin8 steadily and promises to mount 
sSL ihe /drent 0f new and ^proved reference retriev.l 

and is grossly Inadequate t " ̂"d 
ing the results of a special studw! o 8 °f th® neXt feW ^ 
this network and the establish™* I Sec. C. 4. b) of ways to Improve 

in this network, immediate steps shwldbTSkl monitoring of the traffi 
support for this network by subsidizi™ rh < C° provlde short-term 
of academic and other non-profit insft ti* terllbrary loan services 
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10. Specialized Abstracting and Indexing Services. 

Aside from the broad abstracting and indexing coverage recom
mended in connection with the National Library of Medicine> the most 
pressing need is for a special study aimed at developing standards for 
abstracting and indexing services and for a program for continuously 
monitoring abstracting and indexing. In the meantime, support of con
ventional types of abstracting and indexing services by agencies fund
ing research should be limited to relatively narrow fields where a 
special need can be convincingly demonstrated. Any such specialized 
services should make maximal use of the output of the major broad 
services and should be supported by short-term contracts. Continuing 
support should be dependent upon objective and systematic evaluation 
of the quality and utility of the service. 

11. Pilot-Trials of Miscellaneous Non-conventional Types of 

Services. 

The evidence accumulated in other fields of science and from 
studies of scientists' information habits and requirements is adequate 
to justify carefully designed and selected pilot trials of several non-
conventional types of information services. Agencies funding biomedical 
research should support by contract, for limited periods, such pilot 
trials to test their feasibility, value, and acceptability to the bio
medical community, and their compatibility with existing conventional 
services. Such pilot trials might include services for: 

a. making orally presented information available 
quickly in informal recorded forms upon re

quest; 

b. using telephone, radio, television, and motion 
pictures to bring the benefits of active or 
passive participation in meetings to a broader 
segment of the U.S. and international biomedi

cal community; 

c. publishing, by established journals, of abbrevi
ated versions of papers, the full texts of which 
are abstracted and indexed by the regular services 
and supplied on demand in full-size or microform 

copy; 

d. using advanced techniques in the publication of 
established biomedical journals, e.g., computer 
composition, "phototypesetting," microform edi
tions, author composition, and methods for ob
taining continuous "feedback" from readers, 
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e .  sc reen ing  computer  t apes  of  
to  b iomedica l  l i t e ra ture ,  such  as  those  P 
duced  in  the  MEDLARS program,  to  provide  in  
v idua l  b iomedica l  sc ien t i s t s  wi th  a  
awareness  se rv ice  spec ia l ly  t a i lo red  to  the i r  
in te res t s ,  hab i t s ,  and  prefe rences ;  and  

f .  provid ing  thesaur i  of  cur ren t  te rminology  
in  major  a reas  of  b iomedica l  research  su i ta -
b le  for  use  by  au thors  and  ed i tors  in  choos ing  
indexing  te rms  to  be  publ i shed  wi th  the  a r t i 
c le  or  suppl ied  to  appropr ia te  abs t rac t ing  
and  indexing  se rv ices .  Such  thesaur i  should  
be  compat ib le  wi th  and  complement  those  of  
the  major ,  b road  indexing  se rv ices ,  such  as  
Index  Medicus  and  Chemica l  Abs t rac t s .  

C.  SPECIAL STUDIES RELATED TO IMMEDIATE NEEDS.  

I t  i s  recommended  tha t  fu r ther  s tudy  of  the  a reas  ou t l ined  in  
th i s  sec t ion  be  under taken  before  po l icy  dec is ions  are made.  Other 
inves t iga t ions  of  a  more  genera l  na ture  a re  recommended  in  Sec.  D. 

1.  Prepubl ica t ion  Channels  o f  In format ion ,  

a .  Meet ings ,  Conferences ,  and  Sympos ia .  

The  contemporary  b iomedica l  scene is  characterized 
by a  heavy  ca lendar  of  meet ings  vary ing  wide ly  in purpose,  form, and 
s ize .  Some fo l low t rad i t iona l  pa t te rns  of  scientif ic  assemblies while 
others  t ake  forms  improvised  to  cope  wi th  the  expanding population of 
biomedica l  sc ien t i s t s  and  the  changing  hor izons  of the disciplines.  
The sponsors  of  research  a re  be ing  increas ing ly  called upon to support 
meet ings  of  a l l  sor t s  and  var ie t ies  and  are embarrassed by the lack of 
cr i te r ia  by  which  wise  dec is ions  may be  made .  In the absence of  an 
agreed  se t  of  p r inc ip les ,  there  i s  danger  tha t  choices may be made on 
the  bas i s  of  the  uncoord ina ted  dec is ions  of  many independent advisory 
groups  o r  s imply  on  a  po l icy  of  " f i r s t  come,  f i r s t  served." 

There  i s  need  for  a  de l ibera te  s tudy  of  the  problem des igned  to  
lead  to  the  deve lopment  o f  an  acceptab le  se t  of  c r i t e r ia  for  the  guid"  
ance  of  those  respons ib le  for  programming and  funding  the  na t iona l  b io
medica l  research  e f for t .  The  s tudy  should  inc lude  a  survey  of  cur ren t  
p rac t ices  in  the  organiza t ion  and  conduct  o f  meet ings ,  o f  the  ex ten t  
to  which  dupl ica t ion  occurs  and  i s  jus t i f ied ,  of  the  purposes  served  
by  d i f fe ren t  types  of  assembl ies ,  and  of  the  v iews  of  the  b iomedica l  
communi ty  on  the  in format iona l  func t ions  of  var ious  types  of  meet ings .  
C n  i  era t ion  should  a l so  be  g iven  to  the  ques t ion  of  how the products  
o f  meet ings  should  be  n lacpH u ,„  ,  1  ui  nuw ine  
be  under  the  d imrn™ *  pr in ted  record .  The s tudy  should  

n  of  a  represen ta t ive  group  of  b iomedica l  sc ien t i s t  
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in consultation with the officers of organizations experienced in the 
planning of meetings and with representatives of the research funding 
agencies. 

b. International Meetings. 

The Committee recognizes that international congresses 
and international meetings of more limited scope provide unique chan
nels for formal and informal oral communication between American scien
tists and those in foreign countries. Judicious support of these 
assemblies by funding agencies is fully justified by the substantial 
contribution that they make to the advancement of biomedical knowledge 
and to the encouragement of international cooperation in research. 
International biomedical meetings are, however, increasing rapidly in 
number and in variety of sponsorship and subject matter. Requests for 
the support of the organizational costs of the meetings and for travel 
funds for participants continue to mount. The investment of U.S. funds 
is already substantial and could become disproportionate to the scien 
tific returns if wise discrimination is not exercised in the allotment 
of funds. The Committee, therefore, endorses the efforts of funding 
agencies to develop criteria for the administration of funds available 
for the support of international communications. The Committee sug
gests that such international bodies as WHO, ICSU, and CIOMS be en
couraged to intensify their efforts to improve the quality of interna
tional meetings, to experiment in new forms, and to minimize undesirable 

duplication. 

c. Directories and Registries of On-going Research. 

Some agencies (e.g., NASA and ARC) make great efforts to 
nform individual participants in their programs of the existence of 
ther contemporary work related to their own. Recently, NIH began 
ublishing an annual subject index of all its extramural grants. A 
iore comprehensive service is that offered by the Science Information 
Ixchange. This organization seeks to maintain as complete a regis ry 
,f all on-going research as possible and a file of summaries of all 
ictive research projects. SIE is prepared to make searches of this 
iile for responsible scientific organizations and individual scientists, 
t is commended for the services it provides and should be encourage 
[o increase its coverage, particularly with respect to intramural re-
learch in government institutions and to projects that are not included 

.n the program of major granting agencies: 

These kinds of services are available to those responsible for 
:he administration of funding programs and those who direct mission-
jriented programs. They are also helpful to those who wish to explore 
:urrent trends in the national research effort. ere is, as ye , 
Little evidence of the extent to which working scientists use services 
>uch as SIE or the NIH Research Grant Index, or of the potential value 
>£ these services for the conduct of research. A study of these questrons 
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Mt-h respect  to  modifying or  expand-
would bo helpful  in  guiding pol icy " l ib  "ope 
ing these kinds of  services .  

2  .  Puhl icat ions .  

a .  Page Charges.  

The expanding output 
the  increasing costs  of  pu 1  c  ^  point  of  diminishing returns ,  
of  many journals  c lose o o .  i a r s , e  advert is ing revenues or  do 
Journals  that  are  unab e  co a r £  t h r e a t e n ed with Insolvency 
not  receive some other  form ol  S y  £on| of 8upport thst Is 
or  res t r ic t ion in  volume of  publ icat ion.  .  .«f . r  as  fundlne 
coming into increasing use i s  the page <*»***'  "  
agencies  accept  these charges  as  par t  of  the costs  of  tMMtCfaWM 
agencies  are  obviously providing an indirect  subsidy to  the Journals  
that  use this  device.  

The problem is  not  s imply an economic one.  I f  the pract ice  of  
page charges  i s  not  to  be abused,  the  funding agencies  must  develop 
cr i ter ia  for  determining whether  the charges  of  a  par t icular  Journal  
wi l l  be accepted.  The costs  of  an indiscr iminate  pol icy wil l  be high 
and diff icul t  to  assess  and such a  pol icy wil l  tend to  encourage un
economic pract ices  and the perpetuat ion of  journals  that  have out l ived 
their  usefulness .  A pol icy of  discr iminat ion,  on the other  hand,  wil l  
have the effect  of  withdrawing from the biomedical  coeenunl ty  a  aetaure 
of  control  over  i t s  channels  of  pr imary communicat ion.  

The Commit tee  bel ieves  that  there  i s  urgent  need to Study the  
quest ion of  page charges  before  this  device becomes a  genarally ac
cepted practice in the biomedical field. The study should exeaiot 
in  depth the ant ic ipated effects  on the s tandards of  primary publica
tion in the biomedical field of this and other forms of subsidy. 

b•  Economics of  Publ ishing Separates  In Place -journala .•  

F r°m  t l m e  to  t ime i t  is  suggested that  the user  of  blo-
or ie inal^r^f  L°^W O U l d  b e  b e t t e r  s e r v e d  i*  he received only those 
ing a l !  armm i n terested him ra ther  than bound Issues  cootai t  
poLd that  ihe ' -o^f b y  j° u r n a l s  l n  h l* U ha.  been pro
of  accepted ar t ic les 3  S mS1*'* US 8ubscrlber8 • ll8t of tUl«« 
dis t r ibuted to  l ibrar ies  whM Z .  a r t l c l e 8  w o u l d  b* P r l n t # d /?1 
receive the par t icular  6  o ther  subscr ibers  would be e n t i t l e d  to  
t i t les .  P  U U r  that  they selected from the lUt  of 

As a  prel iminary to  an\7 i  
i t  i s  recommended that  a  A  * tr ia l  of  th is  form of  publ icat ioa» 
possible  from the uni t  cosf!  y  o f  c°sts  be undertaken.  I t  s h o u l d  be 

°  e  v a r loua operat ions Involved to  
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derive a formula that would predict costs in defined situations to the 
user> the publisher, and those who would have to process the documents. 

c. Depository for Unpublished Documents. 

There is a growing need for a mechanism whereby voluminous 
tables and other details too lengthy to include in published papers can 
be made available to the relatively few who need this type of material. 
Pilot trials of new types of publication (see Sec. B. 11. c.) > in which 
copies of documents are furnished on request, also require a similar 
mechanism. Therefore, NLM should examine the question of a proper de
pository for such "unpublished" documents that could deliver the docu
ments rapidly and inexpensively, and should decide whether the biomedical 
field should use the present depository service provided by the Library 
of Congress or establish one elsewhere. 

3. Abstracting and Indexing Services. 

The development of consistent policies in the support of ab
stracting and indexing services is hampered by lack of approved standards 
and criteria. A careful study should be undertaken of duplication, 
promptness, accuracy, compatibility, and users' needs as a basis for 
the development of standards. Any proposed standards should be reviewed 
by representative groups of biomedical scientists and operators of ab
stracting and indexing services. 

4. Library Services. 

j_s increasingly evident that institutional libraries will 
require additional public support if they are to meet the needs of the 
expanding research activities of their institutions. Subsidy is, how
ever, justified only if acceptable standards of service are met. 

a. Standards for Library Services. 

The present standards for service by institutional li 
braries vary widely and are not defined in terms of the needs of the 
user. A study is needed to establish minimal standards and optimal 
goals for the operation of the various services that local libraries 
may undertake to offer. These standards will provide valuable guides 
in the development of a long-term program for the support of local 

libraries. 

b. Interlibrary Loan System. 

The present informal system of interlibrary loans is 
perilously close to breakdown. Short-term measures to preserve this 
vital function are recommended in Sec. B. 9. Several plans have been 
suggested for the long-term development of an efficient loan system: 
(1) a new central system might be developed at the National Library 
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J i j. — meet all demands; (2) regional 
Medicine that wonid undertak restricted areas; or (3) local 

centers might be establishe^°*d as to become self-sufficient. Ea 
libraries might be so strengthened „ cominitments ln funds and ex. 

of these proposals would inv s y s t e m a t i c  study of present 
tensive technological developments^ ̂ system^ ̂  ̂  ̂ ̂  

and future needs and h_fore irrevocable decisions are made, 
alternatives is required before irrevoca 

D. RESEARCH AND DEVELOPMENT. 

Systematic research and development in scientific COTnunlc.t los 
is relatively newt Although activity in this new field he. recently 
expanded rapidly. the promise that such research offer, for Increasing 
the effectiveness of the entire scientific effort he. be 

realized. Concentration on the problems of storing and "trie g 
documents and information and on mechanical translation he. obscured 
the fact that large areas for equally fruitful study have received 
little attention. The biomedical sciences can profit from the lessons 
in the physical sciences, where research and development in scientific 
communication first became a major endeavor. The Committee recousnends 
a balanced, long-term program of research, including new conceptual 
approaches to communication and behavioral studies as well as the 
exploitation of mechanical, electronic, and automatic devices for the 
improvement of biomedical communication. 

1. Specific Research Projects. 

Many studies have been recommended in this Report. A 
few other problems for research to which the Committee would draw 
attention are set forth below: 

a. meetings: the improvement of the 
design and conduct of meetings of 
all types; 

h. iournals: the assessment of quality 
control by refereeing or other means; 
the publication habits of authors; 
the foreign distribution of U.S. bio
medical publications; 

C" l-inS^stic barriers • languages for 
facilitating man-machine exchanges; 
spoken languages to facilitate in-
ernational communication; 

d- SLi£J2forms: applications to pub-
s mg and storing; studies of 

acceptability and economy; 
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e. media other than the printed word: 
the uses of film, videotape, com
puter tape, sound recordings, etc.; 

f. behavioral studies: the habits and 
prejudices of biomedical scientists 
as generators, evaluators, and users 
of information; the relation of crea
tivity to the use of information re
sources; and 

g. biomedical potentialities of communi
cation machines of the future: associ
ative electronic memory banks; machine 
translation; high-speed character 
readers. 

2. Centers for Research and Development. 

SIC's and SIEC's, although established primarily as national 
and international services, must maintain active development programs 
if they are to maintain quality and efficiency and meet the demands 
of increasingly sophisticated scientist-users. Two other types of 
centers, however, are also needed in the biomedical community to pro
vide appropriate environments for developing the entire spectrum of 
document and information processing services, to exploit the potential 
of audiovisual media, to improve methods of oral communication, and 
to conduct research on the fundamental processes of biomedical communi

cation. 

a. Centers for Development of Local Document and Information 
Processing Services. 

Centers associated with enterprising biomedical libraries 
should be established to serve as "grass-roots laboratories for assessing 
with a local population of users, the utility of conventional types of li
brary services and for testing new ways to supply scientists with the doc
uments and items of information they need. This kind of practical develop 
ment must be conducted in the realistic setting of an institution engaged 
in biomedical research, inasmuch as success can be determined only by 
continuous, intensive feedback from actual users of the services proffered 
Academic institutions are particularly good settings for such centers, 
because the development program could be a cooperative endeavor of the 
library, the departments active in biomedical research, and other parts 
of the university, e.g., an engineering or library school. 

Proposals for establishing these centers should be judged com
petitively, with no prior decision as to how many centers should be 
established. As particular centers prove outstandingly productive, 
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d the i r  programs.  Where  the  associ -
they  should  be  encouraged  to  a x P^ n  loca l  services ,  a  Regional  
a ted  l ib ra ry  provides  reg iona l  as  wen 
Development  Center  can  evolve .  

b Centers for Bros- Biomedical Co~unlcetlon, 

school ' s  l ibrary  or  of  o ther  communicat ion service  activities, such as 
photographic and illustration services, but rather to provide a coo 
bination of teaching and broad research, like any of the usual depart-
ments  of  b iomedical  schools .  

Each of  the  three  types  of  research and development programs 
described as appropriate for SIC's and SIEC's, for Local and Regional 
Development Centers, and for Departments of Biomedical Communication 
could, even if conducted separately, make a significant contribution. 
Some academic institutions, however, offer opportunities for establiih-
ing more than one type of program. A single school might have research 
and development programs associated with an SIC that serves an inter
national population of scientists, with its local library, and with a 
Department of Biomedical Communication. Such a combination would be 
synergistic and constitute a major resource for research, for training 
specialists in information services, and for preparing scientists for 
careers  in  communicat ion research.  

E.  TRAINING. 

^•  The Tra ining of  Personnel  for  Informat ion Services. 

The s taf f ing of  document  and information services require! 
p^S°n^f Wlt a variety of skills and experience and training pro
grams that are correspondingly varied in content. Knowledge of the 
anSLr ^d science . ,  

t l o f a S f 1 " 8  ° £  t h e  o f  t h e  m e d l .  o f  c o - u n l t . "  
these  are  required L>%rMtM°or"u!I5 do=umO"" «"d lhfot~tlon--.ll 
of  pos i t ions  to  be  f l lXd lh!  !T  d e 8 r e e  f ° r  t h e  <"««•"  W 
t rators, manuscript editors end "ee<i" °f PhOt08t«Ph,t"' 4IJ* 
also  be  considered '  experts in  telecommunication should 

The var ious  types  of  
favorable  environments fo/tr^-ll Centers Proposed in Sec. D. offl 
in which valuable training r k service personnel. Other settit 
schools, indexing and abstra^i 6 secured ar« library and engineer! 

abstracting services, and SIC', and SIEC's. 
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establishment and conduct of training programs will require financial 
support for teachers and trainees and for other operating costs. The 
experience of the National Science Foundation in evaluating proposals 
for training programs should be drawn upon by other sponsors of pro
grams . 

2. Training for Research in Biomedical Communication. 

Diversity in background of candidates for careers in communi
cation research is desirable. The main qualifications would seem to 
be a strong motivation supported by graduate training in some scientific 
field or substantive experience in a scientific information service. 
A doctor's degree in medicine or in a biomedical science is desirable 
but not essential. 

The National Institutes of Health are to be commended for their 
recognition of the importance of this type of training and for the 
pilot programs that they have sponsored. 

For the graduate training of the quality required to prepare 
students for investigative careers in biomedical communication 
an academic environment is especially important. Only when the 
kinds of centers for research and development recommended in this 
Report have been established in universities and have begun to pro
vide intellectual leadership will the true contribution of communi
cation research be made to the biomedical effort. 

F. COORDINATION OF THE BIOMEDICAL INFORMATION COMPLEX. 

One of the main purposes of the study summarized in this Report 
was to delineate more clearly how each type of service in the biomedi
cal communication complex contributes to the dissemination of informa
tion and the exchange of ideas and experience. In general, each service 
came into being because some group of biomedical scientists identified 
a need and sought to fill it. It is natural, therefore, that more 
thought and effort have gone into the nurturing of the individual 
services than into the task of integrating them into a functional, 

coherent system. 

1. Journals. 

The editorial boards of journals have a responsibility 
to monitor the efficiency with which their journals are fulfilling 
their intended purposes. This they do with varying degrees of dili
gence in respect of such ponderables as rejection rates, backlog, 
speed of publication, circulation, and costs. Less thought is given 
to coordinating the policies of a particular journal with those of 
others in respect of subject coverage, duplication, uniformity in 
terminology and citations, and possible savings m printing and 
publishing overhead that might result from group act on. 
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The establishment of the Conference of Biological Editor. In 1956 
reflected a realization of the need for a larger mea.ure of coordlMth. 
in the management of the journal literature. Thl. organization Mm, 
as a forum for the exchange of experience and proposals. The Cosnittee 
commends the efforts of the Conference and of other professional associ
ations, such as the American Medical Writers' Association and the 
Association of Dental Editors, in which biomedical editors also Beet 
to share their experience and develop common approaches. 

The National Science Foundation has pioneered In collecting data 
that may be used to monitor the general state of journal publication 
for science as a whole and to detect where serious problesis exist. 
To promote coordination of effort among biomedical journals and of 
policies for supporting journal publication, objective data on trends 
and on adequacy of publication outlets for the various fields of re
search are essential. The PHS should encourage an appropriate organi
zation to undertake the development and maintenance of a continuing 
monitoring program to collect data on journal backlogs. speed of pub
lication, costs, circulation, numbers of articles and pages per istuet 
births and deaths of journals, and other objective indices. 

2. Abstracting and Indexing. 

Formation of the National Federation of Science Abstracting 
and Indexing Services was stimulated by the National Science Foundation 
to promote coordination of effort, to correct gaps in coverage, and to 

encomna<?S^neral quality of the services. This organization now 
both governm t-°i 1 a major U,S* abstracting and Indexing services. 

been achieved? aL™ sSn^i b* °f WOrk"#h"ln« h" . 
With which a group desiring ah t**" 7 developing a "combine 
can negotiate for a "package" ̂ ra<Ttin8 covera8« a narrow field 
produced by two or u service that draws upon the abstracts 
value of this^rg^^t .members of the Federation. The potential 

organization has only begun to be realized. 

The biomedical field i <? fftr. 
service (Index bfedicus) that ̂  VH in having a single Indexing 
coverage for most of the <?nh<=? °7 • relatively fast end unlfora 
of abstracting coverage, the si? *7? llterature; however. In respect 
many services exist, their le8S 

quality and promptness are imp,, coverage has significant gaps »d 
among abstracting services **1' Promote coordination of effort 
services, it is essential to ha° p°llcies for supporting abstracting 
of trends and adequacy as for 7 7 83,06 klnd of over-all picture 
encourage an appropriate orgLl^1 Publlcstion. The PHS should 

coll!!?61131106 °f a similar mcni/0? t0 undertal'e the development 
of the 1°" °f objective data on p °r P^K^em for the continuous 

and oef ̂  in the TTST ices. The effi c i e n c i /  the of abstracts 
tencies of l„dlvldu-1 ,ervlce, ,hould aUo 
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be moni tored in  terms of  speed of  publ ica t ion,  cos ts  per  abs t rac t ,  
and o ther  objec t ive  indices .  

3 .  Over-a l l  Coordinat ion.  

The b iomedical  communicat ion complex comprises  a  chain  of  
processes  in  the  reorder ing and ref inement  of  informat ion.  There  
must  be  a  cont inuous  ef for t  to  fashion the  opera t ion of  these  phases  
so  tha t  they wi l l  be  as  complementary  to  and compat ib le  wi th  each 
other  and the  communicat ion services  of  cont iguous  sc ient i f ic  d isc i 
pl ines  as  poss ib le .  This  i s  a  task  that  only  the  biomedical  communi ty  
can execute  in te l l igent ly .  

I t  i s  recommended tha t  an  appropr ia te  sc ient i f ic  organizat ion 
that  commands the  respect  and suppor t  of  b iomedical  sc ient is ts  be  
encouraged to  es tabl ish  a  representa t ive  del ibera t ive  body to  main
ta in  survei l lance  over  the  whole  f ie ld  of  b iomedical  communicat ion.  
A forum would  thereby be  provided in  which the  views of  the  academic ,  
indust r ia l ,  profess ional ,  and governmenta l  contr ibutors  to  the  nat ional  
biomedical  e f for t  in  research could  be  vent i la ted  and examined,  re 
sources ,  needs ,  and oppor tuni t ies  could  be  evaluated;  and emergent  
problems could  be  ident i f ied  and analyzed.  Such a  group should  not  
have opera t ional  responsibi l i t ies ,  but  should  be  avai lable  for  advice  
on p lanning and programming.  

The Weinberg  repor t  recommended tha t ,  for  each area  of  miss ion-
or iented  research,  a  s ingle  agency wi th in  the  Federa l  Government  be  
made the  "delegated  agent"  for  informat ion in  tha t  area ,  wi th  re
sponsibi l i ty  for  "suppor t ing and otherwise  carrying out  informat ion 
ac t iv i t ies ,"  and tha t  "each agency should  es tabl ish  a  h ighly  p lace  
focal  point  of  responsibi l i ty  for  informat ion ac t iv i t ies  that  i s  par t  
of  the  research and development  arm,  not  of  some adminis t ra t ive  arm,  
of  the  agency."  I t  wi l l  not  be  s imple  to  implement  these  recommenda
t ions  in  the  biomedical  f ie ld ,  but  some means  must  be  developed to  
ensure  tha t  government  pol ic ies  regarding biome i^ a  n °rma ion 
services  are  coordinated  ef fec t ively  and are  sens i t ive  to  the  needs  
of  the  b iomedical  communi ty .  
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Jones, Dr. L. Meyer, Director of Scientific Activities, American Veterinary 
Medical Association, Chicago 
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Bourne, Mr. Charles, General Systems Department, Engineering D^ision, 

Stanford Research Institute, Menlo Park, California 
Lee, Dr. Milton 0., Federation of American Societies for Experimental 

Biology, Washington, D. C. 
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Wayne State University, Detroit, Michigan 

T.lnison Representatives 

National Institutes of Health 
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Herman, Mr. William R., Office of Director 
Kennedy, Dr. Thomas J., Jr., Office of Director 

National Academy of Sciences - National Research Council 

Office of Documentation 

Werdel, Miss Judith A. 

Division of Medical Sciences 

Cannan, Dr. R. Keith, Chairman 
Coyl, Dr. Edwin B. 

Dr. Visscher, Chairman, called the meeting to order at 9:40^^ After 
welcoming those present he proceeded to the business of the two day meeting. 
He suggested that the Committee devote itself primari y to * * Pa* tulates 

final report that deal with judgmental issues. i.e., the section^ ^ 
and the section-on conclusions and reconmendations. t-u-t- uiH 

responsible for the .porting and ana yric. l-lttr -*** " 
be printed as a supplement to the report. Dr. Visscher then called 
to give his views on the matters to be considered. 

Dr Cannan called attention to the change of the Committee's name from 
"Advisory^omJittee to the Study on Scientist-to-Scientist Communication in 
the Biomedical Field" to "Advisory Committee to the Study of stretch 
medical Communication." He said that the present study was in 
and a determined effort was being made to meet the °f receiving 
?Ee Committee members had been at a disadvantage in that they had been receiving 

in separate sections, and had not had an opportunity to review the re-
StJ of the study as an assembled whole. The Committee had reacted favorably, 
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«. i-h* first draft of "Postulates". A revised copy (from 
for the most part, to the first drat prepared for their 
now on referred to as "basic 'onsxderations ) o°e^es£ions reCeived 
consideration. The revisions were based in part on sugo 

from the Committee members. 

^_Orr reported that it had been toncludadi^discoasioaa 
and others that the fltal report tag t e n cluslons and recommendations, 
a section on basic considerations, a h would contain the support-
a list of bibliographic sourcea, .nd > -PP^»Ve fibUography and the supple-

were ^csusrs: s the 
t^e -«— — 

published on 31 October 1963.) 

**• La2arow fdate^ •onst*that^biomedical^communicationmwaygoing on pretty 
of the basic considerations tha considered questionable. An approach to 
well at the present time, Jh^*'nities of modern technics needs to be en-
the problem in terms of the cap ration scientists and biomedical 
couraged. One difficulty is that communication scientis 
scientists often do not understand "f ^fSanical handling of 
that a real beginning had been »ade ln P ®lflc tevlew, perhaps 80 per 
information. For example, in preparing together. If this portion 
cent of the work involves s i m p l y  getting materia^ g ^ preparing a review 
of the effort could be mechanized, auaiified people would be willing to 
would not be so time-consuming, and more qualified peopi 
write reviews. 

was in favor of ^ TdLt'butTe' 
of new services to existing iome ica quite conservative, and it 
concept seems to be static. ^Hties staffed by people with a demonstrated 
might be well to consider newfacinties!» « of new methods of handling 
interest in information theory and in thgir own, have had to exercise 
information. Librarians, throug1 diffiCUit for them to conceive of spend-
the strictest economy, and it might be dif ^ additional services, 
ing their limited resources in a ^ he library, they must be adequately 

finance^and ^ .ust not be a lessening of support for 

the library itself. 

said there was an urgent 
trained—irTa~scientif i c  d i s c i p l i n e  to m o v e ^into the^ £icld senerally 
individual with a high degree o p research administrator, who of neces-
will hnow more about that field cnpcialists The administrator 
sity deals with many diverse specialties and specialists. 
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will need to turn to such -
important implications in the future for y ncs „hlch projects are 

::̂ rupr« -"̂ rci'tiat, rpther than a hanch scientist. 

The drug houses, at the present tiffle^ use a man intermediary 

information technologist and the bench scientist, 

specialist. 

nr. Brosin considers that there are two ™irld® ®J nevertheless 

sflKS-sssTS— smas....... 
interchange, whether oral or written, between men. 

gr. Leahe stressed that value Judgments «•£££-** ̂Tder'ed 
field^'D^nts that are considere cLss ca in he r fiel^ ̂  ̂ ̂  £unc. 

n̂a"fS:̂ :"shr̂ sh IS- S£ can be verified. 

. . „ eo<entist who becomes an information 
In a general discussion about the scie of some committee ser 

bars^as^to'vhether^^^h^actual^day-b^day^rorld^there^vas^a^real^place^or 

thrienc^Lunt't^'oSside^riimited special circumstances. 

librarians led £3j TZZZlZ 
formation problems. 

A special international problem is the^^ion'becomes increas-
celerated Crowth of information, but this is at 

ingly important. Machine Itional language of science would be a 
least a few years away. An ********°™£velop an international language for 
better solution. Although a"3"^°r^3, such a possibility should be 
general use have never been popularly receivea, 

kept in mind. 

Dr. Rhoads suggested that the f^aJo^^it°Cfor°bi0^ediLl information, 
for the government would haveIn8titutes of Health; if that agency 
His suggestion is that i channels to request assistance, 
feels a need for outside help, it has ^ Councii couid relate the 
Some organization such as the tivities in terms of recommendations for 
governmental and nongovernmental actJv1"88* . tion, they could be offered 
support that would strengthen bromedica in their endeavor to handle 

in five areas: (1) MoSdicafioSt and the general increase in 
the increase in the number of biomedica J Dresently under way and may 
volume of material; (2) support of not very much yet, 
"ed to be further formalise • "^^^Ss'tha'la'nguage barrier and to 
in the international field to as oresent; (4) support of research 

number of regional units, wboaa purpose 
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would be to develop new ideas in the field, not in parallel but using different 
approaches to cover a broad experience and broad areas of experimentation; and 
(5) support of training, including the traditional types of personnel, who are 
now scarce, as well as personnel in newer fields. 

Mr^—Abdian presented the following statement about biomedical communication: 

"While biomedical communication naturally encompasses the same wide 
range of functions as is involved in all scientific communication, its 
effective improvement cannot be viewed as a simple corollary to the 
uniform or standardized improvement of all scientific communication. 
The experimental environments of biomedical research and development 
are unique. This uniqueness stems from the essential fact of its 
concern and involvement with the life processes. In the normal pur
suits of biomedical research and development, complex multivariable 
systems are the rule rather than the exception. As a result, the 
biomedical sciences are characterized by an entirely different order 
of uncertainty factors and correspondingly different philosophical, 
ethical, and operational climates. Under these circumstances, it is 
natural that the requirements for and uses of biomedical information 
involve different orders of complexity in its concepts, vocabularies, 
organization, and reordering. 

"It is also important to bear in mind that biomedical R & D, as 
contrasted with the physical sciences, is pursued very largely in 
the academic environment, by scientists with generally higher 
academic levels of professional education and experience. Their 
information requirements and uses are further affected by the kind 
and scope of the academic information resources and facilities 
upon which they are primarily dependent. The design of improved 
means for processing, communicating, and using biomedical information 
must be based accordingly on a clear recognition of such significant 
differences and must provide appropriately for them." 

The chairman adjourned the meeting at 5:15 p.m. The Committee re
convened at 9:00 a.m. on 4 October 1963. 

Visscher asked that the day's session be devoted, first, to the 
consideration of such projects as the Committee would like to see and felt 
should be accomplished, and second, to the discussion of mechanisms that 
might be recommended to accomplish these ends. 

Dr. Cannan called attention to the fact that this was a study of the prob
lems and needs in scientist-to-scientist communication. This study is the funda
mental product that will emerge from these deliberations. It might be well to 
reach conclusions, rather than recommendations, which then could be placed in 
the public domain. In an introduction to the report it could be pointed out 
that in general the conclusions deliberately refrain from identifying sponsors. 
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sclenffSrKS ""Ik3"" !he 0pinion that the extent to which biomedical 
shouH be ipSsited Sud<lng T Servi"s In th«ir da"y »ork 
in recent years the j,„  ̂ fhac wlth added federal financial support 
However, for many problem-o£ientednfSarv£cas hada increased. 
Or four of these slices and """ 

at thfeerteit"ndeouaUtynofdtJe able * ̂ °UP 'f* a" °Ver-al1 continuing look 

inclusive combined coverage, and Sy ̂  ̂̂X̂ ê ô̂ era"̂ " 

..... ._,s ris.'sirs'nrâ "-
severIieasUbeiM mlstT̂ 11,"* c"""" Inda*inS services was mentioned by 
important in the field of̂ bstracts""''̂ "'̂ "? ™s aonsldered t0 be equally 

practicality, and usability win bê ecessâ 10"'" h"""" perfedtio»' -

retrospective se'rĉ "̂ "̂ "'"'̂ 3 "" USed £°r current-awareness and 
article whenItTIb̂ .t ' Pdb"""<"> «f en 
promote "current awareness" AWr«̂ - \ genera1' abstracts cannot :rê  ̂
work̂ ig3" "ĥ universî 15"̂ ^̂ ^̂ "3̂ 3̂̂ 3"̂ 33™111""̂ 33"̂ 0̂ "̂  ̂PeopU 
fie managerial bê ed. 

at leSHSX'̂ .r''}5' " qUe"1°n!! abdut '"e "sage of abstracts, said that 

ŝ srsi: ruLt: 
use of abstracts, as well as indexes? 8 3 textbook he ̂  very extensive 

i{Ŝ £«i=T-•"'•isssŝ rs.rsf ~ '-.s»—s: risrs SLurzr. kjjsl» 
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complete documents. Also, one should be able to add information from any new 
retrieval service as it becomes available; a basic requirement would be that 
they were all compatible, to the extent that they could be used in one computer 
file. In that connection, it is important to have compatible abstracts so that 
they could also be used in the system. 

A group of biomedical scientists should specify their communication require
ments with imagination and foresight, and without thinking of the constraints of 
existing methods and hardware. Once there are specific requirements, then spe
cific solutions should be sought with the same critical, analytical, and experi
mental approach that is used by scientists in basic research. This would be a 
cooperative endeavor between the scientist and the documentalist. The hardware 
people should be challenged to produce-hardware that is specifically appropriate 
for information retrieval. 

The extent of biomedical literature coverage offered by Index Medicus was 
mentioned by several. In general there was a definite sentiment that the present 
coverage could and should be increased. Increases in both the coverage and the 
depth of indexing would remarkably increase the value of Index Medicus. The 
optimum would be to have complete coverage of the biomedical literature, but 
it was realized that to attempt that would raise many problems. 

Dr. Rhoads believed that a reasonable number of regional centers for bio
medical communication should be established. These would be libraries, training 
centers, and centers for research in methods of conducting biomedical informa
tion. He would envision them as having excellent collections of documents 
linked centrally with the National Library of Medicine and the Library of 
Congress, and linked locally with a substantial number of satellite libraries, 
medical schools, biological institutes, and other laboratories where biomedical 
scientists congregate. Each would have access to the advice of a committee of 
scientists and librarians in the area. 

These centers, if they are really to advance the science of biomedical 
communication, would require personnel with a knowledge of present methods of 
information handling, knowledge of the technological possibilities in this 
field, knowledge of information theory, and competence in organizing and 
operating a strong educational and training program. 

In the general discussion, it was brought out that such centers would 
operate in a broader field than medicine and therefore should be related to 
universities, rather than medical schools. These centers also are not visual
ized as substations of the National Library of Medicine. This autonomy in itself 
might lead to additional problems if a center does not constantly maintain in 
its program enough over-all coordination in methodology to permit its procedures 
and products to be integrated with and used by other national or regional infor
mation activities. The question to be constantly kept in mind is, "Are we of 
use to the scientist?" 

The cost of such projects surely will be in millions of dollars per year. 



Minutes, Problems in Biomedical Communication 
N°* ^ - 3-4 October 1963 - p. 8 

NOT FOR PUBLICATION OR 
PUBLICATION REFERENCE 

, dlsc"sfln8 information centers for research, it was pointed out that, 
in time, certain of them might be found to have only limited usefulness. 
Therefore, extreme care must be taken to consider the potential costs in-
vo ve to prevent the creation of a hugh, expensive system with doubtful 
efficacy. How would one evaluate the effectiveness of a new or expanded 
service. Criteria would have to be established that would take into con
sideration the viewpoint of both the research scientist and the professional 
in the information field. If the clientele of a service or system used it 
increasingly, that would be a positive sign of its value. Lack of increased 
usage or even a lessening of patronage probably would indicate that the service 
or system was unsatisfactory. 

.Dr. Brayfield was of the opinion that the systematic investigation of 
scientific information processes should be supported and financial support 
provided from diverse sources. However, the behavior of scientists in the 
generation and use of scientific information is in itself an appropriate 

u ject for investigation. The results of such systematic study would con-
ribute importantly to the evaluation of an effective information exchange 
mplex. A formal analysis of the structure and functioning of existing 

information exchange institutions, practices, and media also would provide 
a much-needed base line for the appraisal of subsequent developments. Pro-

sions should be adequately trained personnel. One problem in relation to 
libraries is a lack of standards for a well-defined basic core library and 
optimum library service. The Medical Library Association has for years tried 
to improve standards of both libraries and librarians. 

Another problem is that of microforms. There is no doubt of their value 
reo?Hr!anS storage, but to get scientists to use the forms extensively will 
require a great deal of re-education aimed at changing habits and methods of 
obtaining information. 

«-o w6" W?S conaiderable discussion about the copyright law as it applies 
photocopying. This seems to be a gray area and one that is not a problem 

at the present time; whether it will be in the future remains to be seen. 

£r. Wilson discussed the publication problem brought about by the in
creasing number of scientific articles. This problem has been met in two 

increasing the size of journals and by establishing new ones, 
e additional and rising costs of journals has resulted in two support 

mechanisms: subsidization of a journal and the imposition of page charges. 
subsidy may be warranted until a new journal has become established. 

w ?°W d°eS °ne decide when a new journal is needed? Probably by the back-
*lpeTS at eftablished journals in a special field which tends to indi-

ImMAr science has developed. Perhaps a better criterion is the 
q lty of the articles published by a newly established journal. A journal 
and h& Sd tD stable when ic receives a continuous flow of good papers and has demonstrated editorial competence. papers 
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The imposition of page charges is now generally accepted. There have been 
many opinions expressed on the pros and cons of such charges. Should page 
charges be allowed by fund-sponsoring agencies to journals published for profit? 
Should there be a quality evaluation of the article before page charges are ap
proved? An equitable policy needs to be established. A special study of the 
economics of page charges, to include their effect on the quality of journal 
articles, would be enlightening. 

Dr. Hussev remarked briefly on the results of the Committee's meeting of 
the past two days. The basic considerations were developed in answer to the 
question, "Is there a problem?" They are, in greatest part, directed toward 
and applicable to the coordination of methods of communication. The basic con
siderations reject the thought that there is need for immediate crash programs 
or massive innovations without first having pilot studies. This is a reflection 
of the fact that scientists themselves are satisfied that progress is being made 
though perhaps not rapidly enough toward effective coordination. There has not 
been a clear definition of the extent to which coordination now exists or is 
being planned. A definition of extent must precede a decision for or against 
the establishment of any agency that would be intended to serve as an instrument 
for national or international coordination of communication methods or activities 
The search for such a definition does not imply an unwarranted delay, but rather 
represents the attitude that careful diagnosis is a prerequisite for treatment. 

A study of the present methods of coordination of communication within the 
scientific arena of the Federal Government is a logical responsibility of the 
scientists working in that arena. Dr. Hussey predicted that such a study would 
itself improve methods for coordination of communication. Such a study would 
also reveal plans for intragovernmental coordination and the government's inten
tions with regard to nongovernmental agencies, groups, or individuals. 

There is an equal need for such a coordination study among nongovernmental 
biomedical scientists and organizations. Dr. Hussey feels that in this case also 
such a study in itself would result in better coordination. The NAS-NRC would be 
a good focus for a task force to perform the latter study. 

In addition to and as a consequence of the two studies suggested, it would 
be advisable for the NAS-NRC to sponsor a committee to maintain a continuing 
interest in the coordination of biomedical communication. 

Dr. Hussey pointed out that, in the various sections of the tentative report 
outlined during the past two days, there have been recommendations for several 
studies or task forces. It might be well to have some committee to coordinate 
the activities of these several groups as well as the two proposed in his remarks 

Dr. Visscher closed the meeting by telling Dr. Cannan and the Task Force 
that the report was now in their hands to refine and develop along the lines 
the Committee had advised. He expressed his appreciation to the Committee 
members for their assistance and interest in this important problem. 

The meeting adjourned at 4:00 p.m. 
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4. The supplement to the report mill be Issued later. 
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Communication Between Scientists 

; Some Basic Postulates 

Synopsis of Postulates 

A. Is there a problem? 

1. There is a problem. "Management finds it more urgent than most 

scientists do. 

xsss'zssrszxis 
groups. 

4. The biomedical sciences constitute a functional inter-

disciplinary group. 

5. Better coordination of disciplinary and national approaches 

is needed. 

B. The nature of scientific communication. 

1. communication is an intrinsic part of research. It is 

not merely its end-product. 

2. communication is an intellectual process, not a mechanical 

one. 

3. The need is for better rather than more information. 

4. Scientists depend upon informal as well as formal channels 

of communication. 

5 The communication needs of a scientist vary with 
he is playing in the scientific scene. 

C. Design and management. 

1. The biomedical community should retain responsibility. 

2. It should build upon the existing system. 

3. The system is a complex ô Td̂ i" 
is needed. Coordination s ou P degree of redundancy, 
and flexibility. It should preseve a degree 
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4. The processing of documents and the processing of items of 
information are different kinds of operations. 

5. Generators of original communications can facilitate processing 
by adopting agreed procedures for the presentation of their 
material. 

6. Modern information technology has much to contribute. It 
also has its limitations. 

7. The national network of biomedical libraries is a sound base 
to which to attach new services. 

D. Support. Facilities and Manpower. 

1. Agencies sponsoring biomedical research have a responsibility 
to support essential services that cannot sustain themselves. 

2. Sponsoring agencies should encourage research on communications. 

3. There • is need to recruit and train various types Of personnel 
to serve the communication system. Training and research in 
communications are best conducted in academic biomedical insti
tutions. 
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Communication Between Scientists 

Statement of Postulates 

A. Is there a problem? 

1, Communication in science, as in most human affairs, has always 
been a problem and always will be. The past two decades have 
witnessed not only a vast increase in the output of new scien
tific information but also some profound changes in the horizons 
of the established disciplines and in the ways in which research 
is conducted and administered. These developments have combined 
to impose on the national resources for scientific communication 
severe stresses that are both quantitative and qualitative. 

The scientific community has been coping with the situa
tion reasonably well from its own point of view. It has been 
expanding established forms of communication and has been con
triving and testing new forms. There is no widespread demand 
by scientists for crash programs or massive innovations. The 
demand is, rather, for continuing deliberate study and experi
mentation. 

However, now that society has adopted research as an im
portant instrument of national policy, the days of laissez 
faire in science have passed. The scientific community faces 
an obligation to satisfy society that the massive public in
vestment in research is being soundly managed. Scientific 
communication is no longer the private concern of the indi
vidual scientist. It is becoming evident that some of those 
who are responsible for promoting research in behalf of the 
public are somewhat fearful that the social returns on the 
investment are being delayed by inadequate communication of 
the results of research. In this situation, it behooves the 
community of science to demonstrate to the satisfaction of 
society its willingness and its power to continue to manage 
its own communications effectively. Otherwise, management 
is likely to be taken out of its hands. In the mind of the 
scientist, this is the root of the problem and the measure 
of its urgency. 

2. Since science is not constrained by national or cultural 
boundaries, scientific communication must be international 
in its scope. The promotion of international activities 
and innovations is, however, a slow deliberate process. 
Progress will be more rapid if the initiative is taken by 
well-established national and regional organizations. 
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4. 

5. 

The ideal system of communication ̂ ^d a'd managed by dis-
S science. Science is. however, oreanieed an slonaUy 

cipllnes and in disciplinary Sroupings.^not ^yp^ ̂  

and institutionally, butalso have developed their own 
Inevitably, these disciplin y & riate that they shoul 

retain^responsibility for'extending information servrces 

own fields. , 

life sciences constitute a 
within the Ufe sciences he^i^edical^i ̂  instltutlonal 
erouD identifiable by their own p. foundations and by 
organizations, by their common cone ^ medical services 
their Particular obligations ^ biomedical community 

the initiative ln putting its oOT ccunication 

system in order. 

Although, for practical «"> 
problems of biomedical communica tance that means should 

national level it is » ̂ XsciXry and international 

o°f SS. P«tUl efforts. 

B. 
The nature of scientific communication. 

1. 

2. 

xature ot scieu^--
,t„d that good communication services are 

It is sometimes asserted th c product of research shall 
needed in order to assure that the p ^ Qf current scten-

be expeditiously furrow view. Scientific co^unrca-
tific knowledge. This is stares of its conception, de 
tion fertilizes research at all 8g ^ communication services 
velopment and fulfillment. change with the progress o 

r invtsSr- -r- -r 
wilcrrL^rhU"-- engineering andin s^-eas* 

^^S.^In'SeTlLedrcal field it plays an unlmportan 

problem of scientific cmamunl--,T-Sg-

The problem is much more comple t intellectual 

Intrinsically. 
interaction between in?ivldu_ and intimate. It requires 
form of dialogue. It J-s P« der and receiver that cannot . 
a degree of resonance between,sen«der Scientific communica 

be assured by e££*ci|®ii™ ^18 loaded with value judgments. 

Ts is* particularly^rue in the biomedical field. 
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3. The power of science grows by the continuous reordering of 
information rather than by the passive accretion of "facts". 
The mounting output of biomedical information calls for a 
more rather than less rigorous winnowing of the wheat from 
the chaff; a more severe control of quality and of pertinence. 
This control can be imposed at all stages of the communication 
chain from generator to user. It is a control that can be ex
ercised intelligently only by biomedical scientists, not only 
in the generation and use of information, but, also, in its 
continual critical evaluation. 

4. Studies of the scientific communication complex have tended 
to place their emphasis on the improvement of the formalized 
channels for written communications such as journals, ab
stracts, reviews, etc. The working scientist, however, does 
not depend on these alone. Much of his communication is in
formal, oral, or written, either on a person-to-person basis 
or through seminars, conference and similar impromptu exchanges. 
In the design of communication systems these informal means 
of exchanging information should be given due weight. 

5. A scientist may be called upon to play many roles in the bio
medical scene. At one time or another, he may be investigator, 
practitioner, expositor, administrator or manager. His needs 
for information will vary with the role that he is cast to play. 
An effective biomedical information system should be compre
hensive and flexible enough to respond to the habits and needs 
of all of these groups without necessarily imposing on all the 
patterns peculiar to any one. Services that attempt to be all 
t ings to all men are unlikely to be satisfactory to many. 

C. Design and management. 

1. In the past, the biomedical community has been largely re
sponsible for the evolution and management of its informa
tion services and for securing the means for their support. 
It is natural that this should have been so, since the bio
medical investigator is the primary generator, evaluator and 
user of new knowledge. The vast expansion and the profes-
sionalization of the biomedical research effort have not 
created any new situation that would justify transfer of 
this responsibility from the biomedical scientists to some, 
as yet, undefined group of information specialists. The 
traditional dealers in information - editors and librarians 
and^publishers - have been recently reinforced by new "middle
men - documentalists, computing engineers, and information 
systems designers. Without the educated participation of 
the generators and consumers of the information, not merely 
their passive cooperation, the communication system cannot 
function efficiently despite the ablest middlemen. The 
situation, therefore, calls for a more intimate integration 
of the experts in information technology into the biomedical 
fellowship. 
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. It is sound policy to build upon the communication system that 
now exists and that has been proven by experience rather than 
to seek to supplant it by major innovations that have not been 
tested for acceptability, efficiency and compatibility, 

3. The biomedical communication system is a complex of many com
ponent facilities and services. The existing system may be 
criticized for inadequate coordination of its components with 
respect to complementarity and compatibility. In the further 
development of the system one of the most difficult tasks will 
be to devise improved means of coordination. There is need to 
diffuse a greater sense of this responsibility more widely 
amongst biomedical scientists. Efforts at coordination should 
emphasize the need for quality, flexibility and plurality in 
information services. There should be a place for redundancy 
and for services that repackage information to serve particular 
groups and individuals. Coordination does not imply the ruthless 
elimination of duplication. 

4. The task of systematically storing and cataloguing documents so 
that they may readily be retrieved on demand involves operations 
that differ fundamentally from those of storing and cataloguing 
related items of information. Both types of service are needed 
in a comprehensive communication system. 

5. The processing of documents and of items of information for 
ready retrieval requires the cooperation of the generators of 
new information with those responsible for processing it. 
Authors and editors must accept a responsibility for presenting 
new material in such forms as may be devised to facilitate in
dexing, abstracting and repackaging. 

6. Modern information technology, including the use of electronic 
equipment, microforms and other mechanical devices, has much to 
contribute to the development of a more coherent system that will 
save time and manpower by expediting storage and retrieval of 
information. The danger of premature automation is that it may 
reduce the flexibility of the system by imposing rigid patterns 
of communication and by substituting form for substance, remote
ness for intimacy and ritual for understanding. 

7. Services are more adaptable to individual needs if they are 
locally accessible to the scientist. A coordinated network 
of strong local libraries linked to the large national libraries 
will provide a solid core to which may be attached new resources 
for the service of scientists. 
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D. Support} facilities and manpower. 

1. In the past, information services have not, in the main, been 
a public charge. This is a healthy tradition that should be 
maintained as far as possible since it provides the best 
assurance that the biomedical community will continue to manage 
its own communications. The great expansion of scientific in
formation in recent years is, however, largely a result of the 
growth of research sponsored by public funds. In this situation, 
sponsoring agencies will accept the principle that communication 
is a vital element in research and will be prepared to subsidize 
essential elements of the communication system when it has been 
demonstrated that it is not possible to maintain them on a self-
sustaining basis. Such specialized services au are specifically 

,°r.t0 meet nanaSerial needs of the sponsors of research 
should obviously be underwritten by management. 

2. Research on means of communication can make a very significant 
contribution to the national biomedical effort. Generous sup
port is warranted, in particular, for studies that seek to ex-
p oit modern information technology and to adapt it to the 
habits and needs of biomedical investigation. 

3. There presently exists a shortage of trained personnel to man 
existing biomedical communication services. Any large effort 
to improve and diversify these services will intensify the 
need. There is need for a sustained effort in recruitment 
and in the provision of a variety of training programs. 
There is need to recruit personnel xrtiose major experience has 
been in biomedical investigation or instruction and to train 
them in the techniques of handling documents and information. 
There is need, also, to acclimatize librarians, documentalists 
ana other information specialists to the concepts and practices 
of biomedical investigation. This training should be provided 
m an academic atmosphere in which education and research in 
communication are associated together. Graduate schools pro
vided this atmosphere but will probably need to be subsidized 
if they are to develop the needed facilities. 
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NATIONAL ACADEMY OF SCIENCES 
NATIONAL RESEARCH COUNCIL 
2101 CONSTITUTION AVENUE, WASHINGTON ^/D. C. 20418 

DIVISION OF MEDICAL SCIENCES 

14 November 1963 

Mr. Charles Bourne 
Research Engineer 
General Systems Department 
Engineering Division 
Stanford Research Institute 
Menlo Park, California 

Dear Charlie, 

Enclosed is a copy of the report, "Communication Problems in Bio
medical Research". The report has today been sent to Dr. James A. Shannon, 
Director, National Institutes of Health. 

In addition to the report, a supplement will be published and 
distributed in a few weeks. It will consist of the eight papers listed in 
the concents page of the report. 

Dr. Maurice Visscher, in his foreword, delineates the responsibil
ity assumed by the Advisory Committee. The report reflects the best obtain
able consensus of the views of the Advisory Committee members. 

This project has been an intense and sometimes confused one. Each 
one has done his best and it is hoped a product has been produced that will 
be helpful to the National Institutes of Health. 

On behalf of Dr. Cannan and myself I wish to thank you for your 
loyal support and diligent efforts. 

Sincerely, 

B. Coyl, M.D. 
Professional Associate 

Enclosure 



TELEPHONE: EXECUTIVE 3-8100 

NATIONAL ACADEMY OF SCIENCES 
NATIONAL RESEARCH COUNCIL 
2101 CONSTITUTION AVENUE, WASHINGTON//, D. C. 20418 
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WASHINGTON, D. C. 
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2 December 1963 

Mr. Charles Bourne 
Research Engineer 
General Systems Department 
Eingineering Division 
Stanford Research Institute 
Menlo Park, California 

Dear Mr. Bourne, 

Immediately after the submission to the Director, National Institutes 
of Health, of the report on "Communication Problems", I disappeared on a 
trip to Europe. Now that I am back at my desk I want to record the indebted
ness of the Division to you for your devotion to the project and your 
enlightened contributions to the development of facts and argument. I 
greatly enjoyed working with you. 

Ventures of this character in which an informed staff must seek to 
interact with an advisory group having widely ranging interests and back
ground are difficult and often frustrating. The product, in this case a 
report, can not be fully satisfactory to anyone because it must be a com
promise between conservative and radical opinion, enthusiasm for particular 
projects and reluctance to face change. Nevertheless, I am convinced that 
your service contributed more than helping in the drafting of a report. 
The debate that we were able to stimulate will radiate outward and will 
have its real influence in helping to persuade the biomedical community to 
take its communication problems more seriously. 

I found the undertaking enlightening and rewarding and hope that 
you did so also. 

Thanks and good luck in your more permanent enterprises. 

Seasonal greetings. 

Sincerely yours, 

R. Keith Cannan 
Chairman of Division 

J?. 
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d e p a r t m e n t  o f  h e a l t h ,  EDUCAjrm^ A M )  — 
BETH ESI) A 14. MD* 

PUBLIC HEALTH SERVICE 

December H, 19° 

Dpft.¥" S?"' Sannan I 
nPi-ot of the HAS-KRC report on its s^udy 

This is to acknowledge re P Bioiaedicai Research"- report 
of "Communications Problem ~ institutes and Divisions 
has beer, widely circulated currently under study 
Of the National Instituoes office- As soon as the suafi 
2th there and in « ̂  °tfe document, X thinh it would 
has had an opportunity o d discuss the matter m -o... 

111 -to' se-e the supplement to the report. 

My own personal first impression is ^ ̂r^tooSTind solidly 
Se conclusions of ^—^^Sljate some'specific disagree-

SdSt£nr» sS onl'-her Of points, I -^^lution 
St this document provide «\n tlle field of scientific 

srs^s" rnffrtrrScai «. 

I would like to take this occasion ^ ̂ ^IfedicS Sciences for 
to you and to your staff in^2Sins t2e resources of the Division 
your splendid cooperation in mobili g ^ deal vith the issues 
on short notice to assist us in 0^q^, cation8". 1 hope you will 
which fall into this category of f ..'v. Advisory Committee who must 
extend my thanks to the memb ers oflieJ^v •, prot)1em 

Ssrs  s r s s .  -  — o f  t h e  6 t t f f "  
I shall try to set up an appointment to discuss the report upon my 

return from Europe. 
Sincerely yours, 

James A. Shannon, M- D. 
Director 

SSrS2~°IvSen^"..W. 
— - c. Washington 25, D. 
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2101 CONSTITUTION AVENUE, WASHINGTON 25, D. C. 

DIVISION OF MEDICAL SCIENCES 

6 December 1963 

MEMORANDUM 

TO: Members of Advisory Committee to the Study of Problems 
in Biomedical Communication 

FROM: R. Keith Cannan, Chairman of Division of Medical Sciences 

Enclosed is a copy of a letter from the Director, National 
Institutes of Health, acknowledging receipt of the report of our 

s tudy. 

I am sure that you will be happy, as I am, to learn that we 
have been able to provide a document that NIH will find helpful in 
the development of its policies and programs. 

For your personal contribution to this effort, may I again 
express the deep appreciation of the officers of the Academy-
Research Council. 

Enclosure 



IAMC 2/7/64 

Dear Charlie, 

Here is my draft of the Foreword 
to the Supplement (8 Staff Papers) of 
the NAS--NRC Report. Of course, Cannan 
may modify it before publication. 

Best regards, 

R.H.O. 



FOREWORD 

This volume of Staff papers is a supplement to the Report of the Ad

visory Committee to the NAS-NRC Study of Communication Problems in Biomed

ical Research.* The Report represents a synthesis of the Staff findings and 

proposals and of the experience and views of the members of the Advisory 

Committee. These Staff papers, with their greater length and detail, are being 

issued separately to exemplify one type of raw material that went into the mak

ing of the Report. The Advisory Committee bears no responsibility for the 

content of these papers, which summarite some of the work of the Staff and its 

consultants. 

Staff and consultants were selected to provide a wide spectrum of back

grounds, knowledge, and viewpoints. Dr. heeds, who managed the office set up 

as headquarters for the study, had worked in the field of optical instruments 

tion after her medical education in Germany and more recently was in charge of 

the technical information service of an electronics research group. Dr. Coyl's 

background included participation in many Academy activities with biomedical 

scientists, and medical practice as a military surgeon. 

The consultants rounded out the competencies of the study group. Mr. Ab-

dian worked for many years in governmental activities concerned with scientific 

information-first as Assistant Chief of the Technical Information Service of 

the Atomic Energy Commission, and later as Program Director of Research Data 

and Information Services of the Office of Scientific Information Service, 

National Science Foundation. He was a member of a task force established by 

Dr. Jerome B. Meaner. Special Assistant to the President for Science and 

•National Academy of Sciences-National Research Council: "Communication 

Problems in Biomedical Research, Report of a Study. 31 October 



Technology, that studied scientific infection activities within the Fed-

dera! Government and prepared the "Crawford" Report in early 1962. 

Mr. Bourne, the engineering consultant, conducted numerous studies on 

information retrieval systems. Or. hee. whose early experience encompassed 

teaching and research in physiology, worked on the problems of scientific 

communication for many years. He served as President of the American Docu 

mentation Institute and as Chairman of the Conference of Biological Editors, 

as well as a member of the President's Panel on Scientific Information, which 

produced the report, "Science, Government, and Information, commonly known 

as the "Weinberg" Report. Dr. Ping's experience included teaching; pro

viding information services for a wide range of academic, scientific, and 

biomedical personnel; and research on library problems. 

These consultants were "borrowed" fro. their respective institutions 

and spent varying proportions of their time on the study. The Staff and 

consultants worked on the study at their home institutions. 

AS rapidly as Staff findings developed, they were presented to the 

Advisory Committee, either orally or as memoranda and working papers. In 

addition to the intensive exchange between Staff and consultants and the 

members of the Advisory Committee at the latter*s meetings, there 

siderable informal communication between the two groups at all stages of the 

study. 
Many others contributed to the study. A number of organisations, insti

tutions, and governmental agencies provided information and data. Most of 

these sources are identified in the Staff papers. In addition, many in

dividuals at the several institutional bases of Staff members and consultants 

provided extra hands and heads at critical times. 

Despite the impressive manpower and resources available, the broad scope 

of the study presented so many challenges, all demanding collection of data 



and information, analysis, and synthesis, that decisions had to be made 

early on the priority of various problem areas. Staff and consu tan s 

accepted assignments of a score of major and minor p 

number of compilations, data sheets and progress reports resu e . P 

these were distilled by j 
s. few of the minor ones, tnese 

major projects, and a few 

and drafts for working papers. As soon a 
effort into memoranda and draits 

, substance to be of some help, they were given to 
acquired enough form and substance 

committee Even then the process of revision conttnued and 
Advisory Committee, n 

tional material developed, addenda were prepared. 
„re included here reflect the 

The versions of the working papers that . 

s. J to the Advisory Committee. After the 
way they developed and were present ^ 

• J onlv to incorporate findings which 
thev were revised only to lncoij 

Report was completed, tney _ 

may have been given to the advisory Committee orally ^ 

written form. The process of revision is not . 

consultants, as individuals, are preparing to pubiish in appropriate 

librarians and other information service personnel, 

entists, editors, • ^ scientific information. 

those engaged in research and development in the 

• of the first two, each paper in this volume concen 
With the exception of the firs 

trates on a single aspect of biomedical communication. The first paper s 
trates 01 6 Committee's recommenda-

forth Staff suggestions for implementing some • 

_ tha£ ,wear in the heport. The second considers the entire — 

activities serving —ion among those engaged in biomedical 

•••c -met ex is tics and functions, 
and attempts to analyze 1 _ 

rp tVnical of scholarly reports in that they a 
The other papers are mor yp i . . . 

f the results of data collection and analysis, 
simple presentations, of the results 

.v ̂  that each concentrates on 
- r The only common thread i 

traditional format. The only 

r of the biomedical communication "system. Paper 
one facet or component of the ciom 
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number 3 assesses the quanti ty of information generated by the biomedical  

research comraunity--a factor that  has received most of the blame for the 

information "crisis"--and relates the size of this output of documents 

and words to the increases in manpower and funds.  Paper number 2 examines 

oral  communication,  part icularly i ts  formal aspects,  i .e . ,  meetings.  Two 

tynes of documents produced and circulated by the system--biomedical  serials 

and technical  reports--are the subjects of papers 5 and 7,  respectively.  

Paper number 6 deals with the mechanisms that  have developed to enable 

biomedical  scientists  to obtain these documents from storage.  The last  

paper analyzes the abstracting and indexing services that  enable scien

t ists  to find out which documents may contain information they need. 
11 

Taken together these papers present a sketchy picture of the biomed

ical  communication complex and i ts  problems--detailed in some spots and 

merely outl ined in others of equal or greater importance.  The most glaring 

defect  in the picture is  that  the whole area relating to the use of informa

t ion is  almost blank. Actually the Staff  made a major attempt to find 

and analyze the facts concerning the wants,  needs,  and habits of scien-

t ists  in using information and information services.  Most of this effort  

was expended in learning how few facts and how many opinions there were,  

lacking facts,  rather than to prepare ei ther a dist i l lat ion of more or less 

informed opinions,  or a consensus of Staff  views, we elected to leave i t  

blank in the hope that  i t  would be f i l led in as the Advisory Committee dis

cussed this cri t ical  area and resolved the value conflicts that  always be

come evident during such discussions.  In retrospect,  we believe this de

cision was wise,  and we see more clearly than ever that  the biomedical  

community i tself  must make the many value judgments cri t ical  for any real  

effort  to improve biomedical  communication.  
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FOREWORD 

Richard H. Orr, M. D. 
Director, Institute for Advancement of 

Medical Communication 

The Division of Medical Sciences of the National Academy of 
Sciences-National Research Council has recently prepared and issued a 
Report on communication problems in biomedical research.* The Report 
represented a synthesis of the views and experiences of the members of 
an Advisory Committee of the Division and the results of a series of 
studies and proposals by a Staff assembled specifically for this project. 

The present volume constitutes a Supplement to the above Report 
and comprises a group of papers prepared by the Staff for consideration 
by the Committee. These papers are published separately because of 
their bulk and because the members of the Staff, rather than the mem
bers of the Committee, assume responsibility for their content. 

The design and conduct of the Staff studies were under the immed
iate direction of the writer of this Foreword. Headquarters for the 
studies were established at the Federation of American Societies for 
Experimental Biology in Bethesda, Maryland, and were organized and 
managed by Dr. Alice A. Leeds. Intimate liaison with the Academy-
Research Council was maintained by assignment to the study of Dr. Edwin 
B. Coyl from the staff of the Division of Medical Sciences. 

Dr. Leeds, after completion of her medical education in Germany, 
became engaged in the field of optical instrumentation and, more re
cently, was in charge of the technical information service of an elec
tronics research group. Dr. Coyl had an extended career as a military 
surgeon before joining the staff of the Academy-Research Council. 

The competences of the study group were extended by the part-time 
services of several consultants, who conducted their studies at their 
own institutions but made frequent visits to Washington for joint con
sultation. Mr. Gregory Abdian worked for many years in government 
activities concerned with scientific information: first as Assistant 
Chief of the Technical Information Service of the Atomic Energy Com
mission, and later as Program Director of Research Data and Information 
Services of the Office of Scientific Information Service, National 
Science Foundation. He was a member of a task force established by 

* National Academy of Sciences-National Research Council: "Communica
tion Problems in Biomedical Research: Report of a Study," 31 October 
1963. This study was carried out under contract with the National 
Institutes of Health. 
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Dr. Jerome B. Wiesner, Special Assistant to the President for Science 
and Technology, that studied scientific information activities within 
the Federal government and prepared the "Crawford Report in early 1962. 
Mr. Charles Bourne, the engineering consultant, has conducted numerous 
studies on information retrieval systems. Dr. Milton 0. Lee, whose 
early experience encompassed teaching and research in physiology, has 
worked on the problems of scientific communication for many years. He 
has served as President of the American Documentation Institute, as 
Chairman of the Conference of Biological Editors, and as a member of 
the President's Panel on Scientific Information, which produced the 
report, "Science, Government, and Information," commonly known as the 
"Weinberg Report." Dr. Vernon M. Pings's experience has included teach
ing; providing information services for a wide range of academic, scien
tific, and biomedical personnel; and research on library problems. 

Many others contributed to the study. A number of organizations, 
institutions, and government agencies provided information and data; 
most of these sources are identified in the staff papers. In addition, 
many individuals at the several institutional bases of Staff members 
and consultants provided extra hands and heads at critical times. 

Despite the impressive manpower and resources available, the broad 
scope of the study presented so many challenges, all demanding collec
tion of data, analysis, and synthesis, that decisions had to be made 
early on the priority of various problem areas. Staff and consultants 
accepted assignments of a score of major and minor projects. A large 
number of compilations, data sheets, and progress reports resulted. For 
the major projects, and a few of the minor ones, these were distilled 
by joint effort into memoranda and drafts for working papers. As soon 
as these acquired enough form and substance to be of some help, they 
were submitted to the Advisory Committee. Even then, the process of 
revision continued and as additional material developed, addenda were 
prepared. 

The versions of the working papers included in this volume reflect 
the way in which they developed and were presented to the Advisory Com
mittee. After the Report was completed, they were revised only to in
corporate findings which may have been given to the Advisory Committee 
orally but not distributed in written form. The process of revision is 
not yet finished. The Staff and consultants, as individuals, are pre
paring to publish in appropriate journals a number of articles reporting 
such of the findings as may interest scientists, editors, librarians and 
other information service personnel, and those engaged in research and 
development in the field of scientific information. 

With the exception of the first two, each paper in this volume con
centrates on a single aspect of biomedical communication. The first 
paper sets forth Staff suggestions for implementing some of the Commit
tee s recommendations that appear in the Report. The second considers 
the entire complex of activities serving communication among those en
gaged in biomedical research, and attempts to analyze its characteristic 
and functions. 

x 



The other papers are more typical of scholarly reports in that they 
are simple presentations of the results of data collection and analysis 
in the traditional format. The only common thread is that each concen
trates on one facet or component of the biomedical communication "system." 
Paper No. Ill assesses the quantity of information generated by the bio
medical research community (a factor that has received most of the blame 
for the information "crisis") and relates the size of this output of 
documents and words to the increases in manpower and funds. Paper No. IV 
examines oral communication, particularly its formal aspects, i.e., 
meetings. The production and circulation of serials and of technical 
reports are the subjects of papers V and VII, respectively. Paper No.VI 
deals with the mechanisms by which biomedical scientists may obtain these 
documents from storage. The last paper analyzes the abstracting and in
dexing services that enable scientists to find out which documents may 
contain information they need. 

Taken together, these papers present a sketchy picture of the bio
medical communication complex and its problems, detailed in some spots 
and merely outlined in others of equal or greater importance. The most 
serious omission is the whole area relating to the use of information. 
The Staff made a major attempt to find and analyze the facts concerning 
the wants, needs, and habits of scientists in using information and in
formation services. Most of this effort was expended in learning how 
few facts there were, and how many opinions. We finally elected to make 
no attempt to develop a consensus, in the hope that this would emerge 
as the Advisory Committee discussed this critical area and resolved the 
value conflicts that always become evident during such discussions. In 
retrospect, we believe this decision was wise, and we see more clearly 
than ever that the biomedical community itself must make the many value 
judgments critical for any real effort to improve biomedical communication. 





SYNOPSES OF THE SUPPLEMENTAL STAFF PAPERS 

SYNOPSIS - STAFF PAPER NO. I. SUGGESTIONS FOR IMPLEMENTING CERTAIN OF 
THE CONCLUSIONS AND RECOMMENDATIONS IN THE REPORT OF THE STUDY 

The Staff, in the course of preparing background material for the 
Advisory Committee, developed certain ideas as to ways to carry out some 
of the conclusions and recommendations made in the Report. This paper 
contains an outline of these ideas. 

SYNOPSIS - STAFF PAPER NO. II. THE BIOMEDICAL COMMUNICATION COMPLEX 
EXAMINED AS A SYSTEM 

The biomedical communication complex is analyzed as a system from 
the functional viewpoint. A qualitative model is developed in which the 
major functional components are (1) generation-use, (2) oral communica
tion, (3) primary record processing, (4) document processing, (5) infor
mation processing, and (6) research and development aimed at improving 
these functions. Between generation and use, the flow of information 
through components 2, 3, 4, and 5 depends on chains of processing opera
tions. The rate of flow through a given component is governed by the 
rate of its slowest operation except where alternative paths exist. In 
addition, the operations of each component depend, in general, on the 
accomplishment of the operations of a preceding component. This crude 
model can serve as a framework for collecting the data required to de
velop a quantitative model and can be useful in considering the problems 
of biomedical communication and their possible solutions. The financial 
support of this complex of operations comes from government, private 
foundations, industry, academic institutions, and use fees for services 
(e.g., subscription fees). The present trend is increasingly toward 
dependence on government support. 

SYNOPSIS - STAFF PAPER NO. III. INFORMATION OUTPUT OF BIOMEDICAL 
RESEARCH AND DEVELOPMENT 

This staff paper presents an analysis of the hypothesis that the 
quantity of printed information generated by the biomedical research and 
development effort is directly related to manpower and less directly to 
expenditures. Available data on publications directly attributable to 
the biomedical R&D effort in the past decade are supplemented by data 
collected from annual bibliographies of NIH staff, NIH Research Grants 
Indexes, Index Medic us, the Mayo Clinic, and the Medical College of 
Virginia. The number of publications by NIH grantees is compared with 
the number of extramural research projects supported by NIH and with t e 
expenditures for such support. An excellent correlation exists between 
growth in number of projects during the period 1956-1959 and number of 
publications by grantees in the years 1958-1961. The ratio of publica
tions in a given year to active projects two years previously is re ac

tively constant at around 1.4. The incidence of multiple authorship has 
been increasing rapidly in the past 20 years; and for some author 
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populations, the average number of aut^S publi-

to the' number of inUivibualt in that popu-
cation y » f research communities varies widely. The 

past tvo decades, "f Uter.ture directly 
a significant trend exi • „ t estimated at 32,000 papers in 

SSir^'i-rSSl U.S. biomedical literatnre) and 54,000 

papers in 1961. 

SYNOPSIS - STAFF PAPER NO. IV. TPFims IN ORAL COMMUNICATION 

The Staff collected data on selected -pects^of 
from published materials and records P £indi„gs and indicates areas 
eminent agencies. This paicr su3F , |ariz ^ 50Q sclenti£ic biomedical 
for future study. In 1961, there pieties held some 1,600 regular 
societies in the United States. society meetings has 
meetings during the year. e increase is secondary to the 
tripled in the past three decade . state and local societies 
proliferation of socsjp^ ^ regular meetings. Pub-
accounted for four-fifth . constitutes an announcemen 
lication of lists of Specialized activities. Ml 
service that is provided y jo initiative of sponsors of meetings 
such services depend ultimate y on with 1962 the over-all increase 
in sending out notices faring 1956^!thjL962,^ ^ 48 per. 
in meetings announced by a co ncreaSed by 117 percent and ad hoc 
cent, but international -^^f^^^eduled nLtlngs) increased by 
meetings (as contrasted with "gula ? ^ q£ the biomedical "search 
206 percent. Meetings servi g g percent since 1957. This 
community have grown annually y 8°onedical research manpower. Available 
growth rate is close to a eg can be interpreted as indicating 
data on expenditures by NIH g years, the number of U.S. 
that they are t r a v e l i n g  more In the Past^ lncreased by 50 percent, 
personnel working abroad in bioraedi lar&er. The same phenomenon is 
Lt in other fields the increase ^working in the U.S. 
seen with foreign scientific and te t o£ 8clentific meetings 
Data on Federal expenditures for d one.fourth of the extramural 
are conflicting, but i"dicat® ^ £ u types of information activities 
funds NIH devotes to the support ^ abQut $6 5 oillion (3.2 per-
goes to the support of meeting . communication acti-
cent) of NIH extramural reBe.rth funds ^tJo^or.^. ^ ̂  ̂  ̂  
vities. We conclude that there are current scientific scene: 
tant hypotheses offered by observers o relegated to a largely 
that the written record spending relatively more of their 
archival function, that scienti -.etinRS are becoming a less effee-
time in oral consnunication, and th ... q{ ^ ̂ .^^red questions 
tive means of commmication. The imp ^ ̂  ̂  communication str
and the large amount of scicntis previouaiy received and sys 
rant more study than oral b h Actings and informal oral 
tematic development efforts to i«*>rove hotn seen g 

Ammtmic at ion . 
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SYNOPSIS - STAFF PAPER NO. V: CHARACTERISTICS OF THE BIOMEDICAL 
SERIAL LITERATURE 

This staff paper describes quantitatively some of the aspects of 
the biomedical literature that affect current and future information 
problems. Previous studies and standard reference compilations were 
critically reviewed for substantiated data. Additional data were col
lected on samples of the document output of the U.S. biomedical research 
community that were developed from the Annual Bibliography of NIH Staff 
for 1961 and the NIH Research Grants Index, Fiscal Year 1962. Data on 
the number, growth, and languages of biomedical serials and papers, and 
on the distribution and character of papers resulting from U.S. biomed
ical research, were analyzed. Around 5,800 substantive biomedical ser
ials were alive in 1960--an increase of less than 20 percent over 1950. 
Of the serials born after 1950 about one-third died before 1960. During 
the same decade, the number of biomedical articles increased by not more 
than 30 percent. Shelf space required for the average biomedical serial 
increased by 10 percent. Review papers constituted only 3 percent of 
all contributions to the biomedical literature. The literature result
ing from U.S. biomedical research increased more rapidly than biomedical 
literature as a whole. In particularly active fields of research, growth 
spurts occurred; e.g., the literature of psychopharmacology increased 
from 900 papers in 1955 to almost 2,600 papers in 1959. Of the different 
publications ("titles") in which NIH staff papers appeared, 10 percent 
contained more than half of all the papers. For NIH grantee papers, 10 
percent of the titles carried almost three-fourths of all the papers. 
Of the papers generated by both populations, over four-fifths appeared 
in journals, compared with around 5 percent in proceedings volumes. Up 
to 20 percent of the publications of NIH grantees are abstracts of re
ports given at meetings or brief, preliminary accounts of research. The 
general conclusion is that the growth rate of biomedical literature may 
have decreased at some time before 1950 and that an increasing propor
tion of the output of U.S. biomedical research is finding its way into 
publications that would not be considered biomedical in the conventional 
sense. 

SYNOPSIS - STAFF PAPER NO. VI; SECONDARY DISTRIBUTION OF DOCUMENTS 

By 1965 improved reference-retrieval services, such as those to be 
provided in the MEDLARS program of the National Library of Medicine (NLM), 
will enable the biomedical scientist to obtain references to relevant 
documents more easily and from a broader segment of the world's scienti
fic literature than at present. References to relevant material are, 
however, of no value to the scientist unless he can obtain the documents 
referred to. This staff paper will explore the likely impact of improved 
reference-retrieval services upon the present library system that sup
plies the biomedical scientist with documents. Past studies are reviewed 
and analyzed, and some new data are assembled. We find that the cost of 
maintaining U.S. biomedical libraries probably exceeds $12,000,000 an
nually. From their own collections, these libraries supply locally an 
unknown proportion of the total documents needed by the biomedical com
munity, and meet the residual demands by an extensive interlibrary loan 
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no. o£ 

$4.00 per completed 'loan,of an orrgr $2000joOO annually, 
annual cost of interlxbrary tramB.ctio Mtuork> as presently operated 
Current signs of strain mdrcate that ™ ^ ̂  criticaUy unstable. 
and financed, has reached its maxlin P fa x 000,000 documents an-
The demand for interllbrary loans my ^1 be radlcally strength-
nually in 1965; to meet this demand, * « the v<sd re£erenee-

^rt^'Sit'SS^- "allable to him. 

_ - STAFF PAPER NO. Vll: 

This paper revie.s briefly the gelation. ̂  ̂  ̂ l^ 

origin^an^distribution of biomedical technical reports; 
the current and potential importance ^^hed information, the 
ical community. In addition to review g P ^ ̂  technical report 
Staff examined the announcemen P® Center (DDC) of the Department of 
services: the Defense Documentation Cenlt ( f the At0mic Energy 
Defense (DOD). the Division of TechnicalIn£or„ation of 
Commission (AEC), the Office o .a.,;aisoration (NASA), and the Office 
the National Aeronautics and Space Mmini^rati^C^), _ ^ 
of Technical Services (OTS) o onlv those engaged in Federally 
tists may purchase reports from OTS. y ^ree services. U.S. Public 
supported work are eligil^eligibiHty for DDC services was clarified re-
Health Service grantees eligibil y iournal articles in 
cently. Technical reports differ rn general from journal^ distribu-

ographic tools and techniques to handle this form of literature For 
1962, 1,615 biomedical technical reports were identified, of which over 
h a l f  w e r e  s p o n s o r e d  b y  D O D .  P r i c e s  o f  b i o m e d i c a l  r e p o r t s  a v a i l a b l e  f r o  
OTS averaged $5.21. Of 916 non-classified DOD reports, 609 were avail
able from OTS. It is concluded (1) that the technical report literature 
is at present relatively unimportant to biomedical scientists, but will 
assume greater importance in the future; (2) that the use of technical 
reports by most U.S. biomedical scientists has, in the past, been char
acterized by practical difficulties, some of which have been recently 
remedied; and (3) that if this literature is to be exploited fully, the 
biomedical community must become better acquainted with this resource 
a n d  a c q u i r e  t h e  t o o l s  a n d  t e c h n i q u e s  f o r  h a n d l i n g  i t .  

SYNOPSIS - STAFF PAPER NO. VIII: ABSTRACTING AND INDEXING SERVICES 
IN BIOMEDICINE 

This paper outlines the functions, requirements, and economics of 
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y i / n  

ices. It presents data on the number, perform-
ervices that are useful to biomedical scientists, 
ices are considered to include those which list 
act, and those which only index. The basic 
indexing services are (1) to alert scientists 
ocuments, (2) to provide an efficient tool for 
record, and (3) to supply a ready reference of 
ormation. Performance requirements depend on 

Lzed by a service, and compromises are dictated 
its and economics. "Discipline-oriented" serv-
le long-term function of facilitating retrieval 
rd, whereas, "mission-oriented" services gener-
alerting function. Three hundred twenty-six 

/vices process biomedical literature. All together, 
10,000 documents a year, not all biomedical, and 
ly a document processed by more than one service. 

that provide either abstracts or indexes processes 
its a year. The output of these large services 
/erage, by 190 percent over the past 10 years, 
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abstracting-indexing services. It presents data on the number, perform
ance and costs of those services that are useful to biomedical scientists. 
Abstracting-indexing services are considered to include those which list 
titles, those which abstract, and those which only index. The basic 
functions of abstracting-indexing services are (1) to alert scientists 
to the existence of new documents, (2) to provide an efficient tool for 
searching the scientific record, and (3) to supply a ready reference of 
condensed or digested information. Performance requirements depend on 
which function is emphasized by a service, and compromises are dictated 
by conflicting requirements and economics. "Discipline-oriented" serv
ices tend to emphasize the long-term function of facilitating retrieval 
from the scientific record, whereas, "mission-oriented" services gener
ally concentrate on the alerting function. Three hundred twenty-six 
foreign and 142 U.S. services process biomedical literature. All together, 
they process almost 2,000,000 documents a year, not all biomedical, and 
this figure includes many a document processed by more than one service. 
Each of 12 U.S. services that provide either abstracts or indexes processes 
more than 10,000 documents a year. The output of these large services 
has increased, on the average, by 190 percent over the past 10 years. 
Total U.S. expenditures in 1962 for abstracting and indexing biomedical 
literature are estimated at $4 million. Each of the 882 journals repre
sented in a sample of U.S. biomedical research output (14,334 journal 
articles cited by NIH grantees as resulting from their work) was covered 
by an average of more than three of the 13 major services, and almost 
all sample journals were covered by at least one of the services. Two 
of these services, Index Medicus and Bibliography of Agriculture, covered 
94 percent of the articles in the sample. Coverage of a random sample 
of the literature generated by world-wide biomedical research would 
probably not be as complete. It is concluded that abstracting and index
ing services useful to biomedical scientists have improved significantly 
in the past 10 years as regards completeness of coverage and currency; 
but that, with rising unit costs and demands for better services, closer 
cooperation among the various services is imperative if we are to main
tain our pluralistic system. The greatest problem is seen to lie in 
stimulating the necessary cooperation. 
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NAS-NRC Study on Communication Problems in Biomedical Research 

Staff Paper No. I 

SUGGESTIONS FOR IMPLEMENTING CERTAIN OF THE CONCLUSIONS AND 
RECOMMENDATIONS IN THE REPORT OF THE STUDY* 

The NAS-NRC Report of a study on Communication Problems in Biomedi
cal Research, dated 31 October 1963, contains, on pp. 14 through 31, a 
series of conclusions and recommendations. The staff that prepared the 
background material for the Advisory Committee developed some suggestions 
for ways to carry out certain of the conclusions and recommendations. 
The section headings, designations, and page numbers that follow corres
pond to those of the original report and should be considered in that 
context. 

B. FACILITIES AND SERVICES. 

5. Specialized Information Evaluation Centers or Services (pp. 16-17). 

The most promising subject-matter fields for SIEC's would appear 
to be those characterized by rapid expansion, large quantities of unevalu-
ated and often conflicting data, convergence of disciplines or sciences, 
and widely scattered sources of relevant information. 

The criteria used to select institutions in which to establish 
SIEC's might include: 

(1) the existence of an outstanding research program in the 
subject-matter field at the institution; 

(2) enthusiasm of the members of the research staff in support
ing the establishment of an SIEC, and 

(3) access to a local, excellent information service, such as 
an adequate biomedical library. 

It is desirable that pilot projects emphasize flexibility and 
variety in the information services they offer, and that they be sensitive 
to the needs of all potential users. A concentration of effort on intel
lectual, rather than mechanical, processing of information would seem 
desirable. A record of data on the operation of each pilot project should 
be maintained that would be sufficient to enable an outside group to 
evaluate its effectiveness. 

6. Specialized Information Centers (pp. 17-18). 

Centers established to provide true information retrieval would 
be most useful in fields where there is a special need to exploit new 

* Not for publication or publication reference, 
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information rapidly; where the types of answers 
few and predictable; where agreement on terminology *ed 
ing; and where sources of relevant information are widely scattere 

The same general requirements or criteria as are 
for an SIEC should be used to select an institution in activi-
an SIC. The SIC should also maintain an adequate record of its activi 
ties so that it can be evaluated by an independent group. 

8. Support of Local Biomedical Libraries—(j>_.—20) • 

The following steps are considered as appropriate for imple

menting this recommendation: 

(1) Libraries applying for federal aid would submit detailed 
plans to the appropriate agency for improving their ser
vices and could request a first-year grant of up to one-
third of their expenditures in the base year. The size 
of grants in subsequent years might be governed by the 
library's ability to utilize additional funds efficiently. 
All grants would be conditional on evidence that the 
institution's contribution to its library's budget is 
maintained at least at the level of the base year. 

(2) As standards for library services are established (see 
Sec. C.4.a of the Report and of this paper), these could 
be used to judge progress and to guide the program. 

This grant program, which should be independent of any programs 
for establishing new libraries or constructing physical facilities, might 
be continued for 3 years, or until a better long-term support mechanism 
has been developed. 

Local information services could be improved by the use of bio
medical literature specialists who would work directly with the institu
tion's research teams but would be assigned administratively to the 
library. The salaries of these specialists could appropriately be charged 
to the direct costs of research. 

9. Inter library Loan Network (p. 20) . 

For short-term support of the interlibrary loan network, any 
non-profit, non-federal library might, upon application to the appropriate 
federal agency, be granted $4.00 for each lending transaction to a bio
medical library up to 1,000 such transactions per year, and $2.00 for 
each transaction above 1,000. Grant payments to the library might be 
on an annual or semiannual basis, rather than by individual transaction 
billing* Furnishing a photocopy would be considered "loaning " The 
conditions under which a lending institution would receive such aid 
might be: 

(1) that the lender not charge the borrower for reasonable 
amounts of matoirial ott photocopy ing \ 
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(2) that the lender, during the last three calendar years, 
loaned an average of at least 250 items per year to bio
medical institutions; 

(3) that the lender be able to answer 90 percent of the 
requests it receives within 3 working days (a request 
would be considered to be answered by shipment of the 
requested document or by a statement that, because the 
document is not available in its collection, the request 
has been forwarded to a specified institution; the latter 
implies that each lender would have the resources neces
sary to locate material not in its own collection); 

(4) that the lender accept requests by telephone as well as 
by mail and dispatch requested material by the fastest 
means; 

(5) that funds available from this program be used not to 
support the lender's general operation, but only for 
interlibrary loan service; and 

(6) that the lender maintain and make available specified 
minimum statistical and management records. 

This program is not proposed as a permanent means for subsi
dizing libraries. A limit of 5 years should be placed on the program, 
which would allow time to complete a study of the long-term support 
needed to maintain satisfactory interlibrary loan services. 

11. Pilot-Trials of Miscellaneous Non-Conventional Types of 
Services (pp. 21-22) . 

a. Making orally presented information available quickly 
upon request. 

In dynamic, mission-oriented fields of biomedical research 
and development, the interval between the presentation of results at 
meetings and publication assumes importance. Various mechanisms are 
being used in physics and chemistry to decrease this "unavailability" 
gap. In general, these do not appear particularly well suited for bio
medical research. Several other mechanisms, however, seem appropriate 
for pilot trials. 

The Psychopharmacology Service Center of the National 
Institute of Mental Health has, in recent years, written to meeting 
participants requesting copies of the texts of their oral reports. Such 
material has been used only by the staff of the Center unless the author 
gave the Center express permission to supply a copy to a specific investi
gator who had requested it. On this basis, the Center has obtained ex
cellent cooperation from authors. An independent survey, in which in
vestigators in psychopharmacology were interviewed regarding their pub
lishing and information-acquiring habits, indicated that the majority 
would use and cooperate with a service that would make informal records 
of oral reports freely available to qualified investigators on request. 
In view of the precedent that has been established in psychopharmacology 
and the demonstrated acceptance of the idea in this field, the 
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Psychopharmacology Service Center might undertake a J*lot 

service to be known as RIB (Research Information Bank). The followi g 
general approach is suggested: 

(1) invite each NIH grantee in this field to provide RIB with 
a copy of the text of his oral reports, positive prints 
of his slides, and any additional data or details of 
methodology that he would have presented at the meeting 
if time had permitted; 

(2) extend the same invitation to others giving relevant 
papers at meetings; 

(3) ascertain the author's action or plans regarding 
publication; _ , , 

(4) publish an announcement periodical consisting ot maexe 
abstracts of these oral reports, noting those alrea y 
published (or accepted for publication), and distribute 
this periodical to NIH grantees in the field and to other 
responsible investigators; 

(5) supply to responsible investigators, on request, a replica 
of the full manuscript, slides, and additional material; 

(6) extend the same services to the editors of scientific 
journals, who may wish to solicit publication of selected 
reports; 

(7) periodically ask contributors to RIB about plans for 
publication of their oral reports; 

(8) announce publication, when it occurs, in the announcement 
periodical and answer future requests for that report b\ 
referring to the published article; and 

(9) study the economics of this type of service, its accept
ance by contributors, its utilization, its value in es
tablishing personal contacts, its influence on the research 
of users, and the effects of feedback stimulated by this 
mechanism on the publication that ultimately results from 
an oral report. 

Another mechanism that might be tried, to answer requests, 
is the use of tape recordings made at meetings, and copies of the slides 
projected. This service could be tested by a professional organization. 

A third possible mechanism involves voluntary deposition 
of the text and visual material of an oral report with the society spon
soring the meeting. Pending publication, the society would, on request, 
make copies of this material available. 

C. SPECIAL STUDIES RELATED TO IMMEDIATE NEEDS. 

2. Publications (pp. 24-25) . 

a. Page charges. 

In conjunction with studying the implication of page 
charges in the biomedical field and exploring alternative methods of 
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subsidizing publication, tentative minimal standards to qualify for sub
sidy, and other appropriate conditions for support, might be assessed 
for their acceptability to the biomedical community. 

Suggested minimal standards for publication of original work: 

(1) Except for special cases, each manuscript should be 
reviewed by at least two scientists qualified to judge 
the merit of the work reported. 

(2) The title of a paper should be specific and informative, 
and should contain a high proportion of words useful for 
mechanical or human indexing. 

(3) A carefully edited, author-prepared abstract meeting cer
tain standards should be printed with each paper and made 
freely available for reprinting by any abstracting service. 

(4) When a suitable thesaurus for the given field becomes 
available, indexing terms selected by the author and the 
editor should be printed with the paper and made freely 
available for use by indexing services. 

(5) The most widely accepted editorial conventions should be 
followed. 

(6) While high standards of editorial processing and referee-
ing are maintained, efforts should continue to reduce the 
average time between receipt of a manuscript and its 
publication. 

Suggested conditions for support (in addition to meeting mini
mal standards): 

(1) Publication subsidies (including page charges) should be 
used to supplement, not to replace, funds previously com
mitted to publication, or should be used to lower sub
scription prices and thereby encourage wider circulation. 

(2) Publication subsidies should not be so high that the pub
lishing organization is relieved from the necessity of 
striving continuously for economy. 

(3) Publications receiving subsidies should submit annual 
financial reports as evidence that conditions (1) and 
(2) are being met. 

4. Library Services (pp. 25-26). 

a. Standards for library services. 

The proposed study might be undertaken by a Commission 
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«ith a membership representing the key specialists, 

presently offered to biomedica sc nstitutions and define tentatively 
search, indnstrial, governmental rnstltntrons a bioo,edic.l 

both minimal and optimal in terms of opera-
information service. Thes , rather than of statistics on 
tional measurements of functions per , staff For example, the 
"volumes" held, on expenditures, or « °f staff^ for^m^ 

standards for document delivery mig e ^ delivered within an 
centage of a random sample of literature tnac services might be 

£ = ? s s a r -
user demands changed. 

This Commission might also determine the kinds of data 
to assess the cost of each type of service. These data could be^c,ollected 

systematically by the Medical Library would 
of Medicine. When combined with data on the u ^ optimal levels 
provide a basis for meaningful estimates of minimal and optimal level 

of library expenditures. 

D. RESEARCH AND DEVELOPMENT. 

1, Specific Research Projects (pp. 26-27) . 

d. Microforms. 

Inasmuch as microforms are now used chiefly for storage 
and preservation, and librarians generally consider the preservation of 
the scientific record part of their function, the Medical Library Asso
ciation (MLA) would be an appropriate organization to undertake a pro
gram to review systematically the biomedical literature and establish 
priorities for reducing parts of this "record" to microform. The general 
policies of this program might be as follows: 

(1) the initial selection of titles (books and journals) for 
microreproduction should be based on use, age, and bulk; 

(2) generally, titles should be selected only if held by 
enough libraries for the prorated cost of microreproduc
tion to represent significant savings over the cost of 
storing the original documents; 

(3) before final action is taken, the titles selected should 
be made public so that commercial firms could decide 
whether they wished to market the titles in microform; 

(4) responsibility should be assigned to specific institu
tions for preserving the original documents in good 
condition; 

(5) funds should be sought for microreproduction of unique 
or rare documents; and 

(6) NLM should obtain a copy of each microreproduction 
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resulting from this program and assume responsibility for 
preserving it in this form or, when microreproduction tech
nology advances, in a more advantageous form. 

f. Behavioral studies. 

Citation indexes have great potential as a tool for these 
studies. 

2. Centers for Research and Development (pp. 27-28). 

a. Centers for development of local document and information 
processing services. 

Appropriate areas for development at these centers might 
include (but not be limited to) the following: 

(1) selective dissemination of documents to individuals on the 
basis of their interest; 

(2) education of the local biomedical community on information 
resources; 

(3) mechanization of "housekeeping" functions; 
(4) training of biomedical information service specialists; 
(5) integration of the center's staff with research teams; 
(6) adaptation of services provided in industrial research 

establishments to academic and non-profit institutions; 
(7) increasing the efficiency and effectiveness of standard 

library services; 
(8) testing systems for microform storage and retrieval; 
(9) collecting data on the interactions between local and 

regional information centers and between biomedical lib
raries and specialized information centers of various 
types, and designing and testing new types of 
relationships; 

(10) new techniques of document analysis, announcement, search, 
retrieval, and delivery; and 

(11) expansion of library services to include audiovisual ser
vices, editorial services, and clinical record processing. 

Proposals for such programs could be judged by: 

(1) the degree to which the total needs of the local biomedical 
community are considered; 

(2) evidence of a systematic, objective approach to evaluation 
of services; 

(3) qualifications of the project director and staff; 
(4) evidence of support, enthusiasm, and participation on the 

part of the local research community; 
(5) exploitation of the full resources of the parent institu

tion; and 
(6) originality, tempered by realism. 
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E. TRAINING. 

1. The Training of Personnel for Information Services (pp. 28^29). 

Agencies sponsoring biomedical research might consider supp 
ing the following types of programs: 

(1) training programs, for biomedical literature specialists, 
conducted jointly by a library school and a med^ca 
school, and similar to those currently sponsored by NSF 
for the physical sciences and engineering; 

(2) expansion of existing "internship" programs as a means of 
upgrading present biomedical librarians; and 

(3) on-the-job, intensive, short-term training of biomedica 
information service specialists by biomedical libraries, 
information centers, and abstracting-indexing services. 

A candidate for the third type of program in academic biomedi
cal libraries should have at least a bachelor's degree with a major in 
science, preferably a biological science. As soon as possible, he wou 
start working directly with scientists to serve their individual needs 
and thereby, in effect, extend library services into the laboratory. 
Part-time training for graduate students could also be considered. 

Recruitment by academic biomedical libraries might be facili
tated as follows: 

(1) Libraries could create an image that is attractive to 
qualified personnel by becoming, in fact, centers through 
which biomedical scientists can use all local, regional, 
national, and international information services ; by up
grading promising members of their present staffs through 
outside training; by freeing trained staff members to work 
directly with the library's users; by streamlining house
keeping functions and using clerical help to perform those 
tasks for which trained staff members are not required; 
and by initiating continuing research to improve the 
libraries' services. 

(2) Medical schools could assist biomedical libraries to 
develop this new image by rapidly increasing library 
salaries to levels competitive with those in industrial 
information services; by giving faculty status to appro
priate members of the library staff; by revitalizing the 
faculty library committee; and by appointing as the cotn-
mittee s chairman a scientist who is engaged in research 
This chairman should take an active role in facilitating 
the integration of the library and its personnel into 
the mainstream of academic research and teaching. 

(3) The Medical Library Association and the Special Library 
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Associa t ion could  jo in t ly  urge ,  in i t ia te ,  and sponsor  
a  curr iculum revis ion s tudy for  l ibrary  schools  s imi lar  
to  the  program for  bas ic  sc ience  curr icula  revis ion 
suppor ted  by NSF.  
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NAS-NRC Study on Communication Problems in Biomedical Research 

Staff Paper No. II 

THE BIOMEDICAL COMMUNICATION COMPLEX EXAMINED AS A SYSTEM* 

INTRODUCTION 

Rationale of Approach 

The complex of all the activities, services, and processes that deal 
with the information generated and used by the community of biomedical 
scientists can be considered to represent a "system," in the same sense 
in which an organism constitutes a system. Both have evolved in response 
to needs, both are self-organizing, and neither was "designed," in the 
usual sense. The advantages of a systems approach are: that it facil
itates analysis of the functions served by this heterogeneous and seem
ingly amorphous complex, and that it aids in visualizing abstract pro
cesses and their interactions. Study of the biomedical communication 
complex as a system is similar to physiological research, in that it 
attempts to correlate structure with function and to gain an understanding 
of the processes occurring in a dynamic system. 

In this paper, the results of our analysis are presented in the form 
of block diagrams. Gray recently emphasized the value of such diagrams 
in a discussion of engineering's contribution to physiology: 

"The engineer has developed one device for enforcing an elemen
tary rigorousness that is refreshingly simple and general. This 
is the block diagram, a qualitative mathematical model which con
veniently displays, without distracting detail, all the components 
and variables of a system together with their circuitry.... 

"On several occasions I have had the opportunity to watch a fellow 
physiologist attempt to represent in this simple form, and at this 
elementary level, the system on which he is expert. He is usually 
flabbergasted to discover that his ready knowledge is unequal to 
the task. He finds he is uncertain about numerous items suddenly 
revealed for the first time to be of key importance. The usual 
result is a period of cerebration more intense, novel, and cogent 
than any he had previously accorded the system, punctuated by trips 
to the library to find answers to questions never before asked. If 
a workable diagram is eventually formulated, the light it sheds may 
be truly exciting. One can suddenly see physiological flesh and 
blood as a coherent, determinate, functioning system...." (1) 

His description of the physiologist's experience fits ours exactly. 

* Not for publication or publication reference. 
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Nature of the System 

A system may be h^^^^^^by^rocesserLr^sJonding to events 
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of^informationiseience^ "thalnd'proSt"^ this c~ication 
must be the information needed by and usable to each scientist, 
be may be and whatever his needs may be at the moment. 

The biomedical Information complex is not s e l f-sufficient Although 
considered separately here, it is only one part of a larger system serving 

all of science. 

Analytic Viewpoint 

Any system must be oversimplified if it is to be analyzed in a way 
that emphasizes the similarities among its elements rather than the differ
ences. In our analysis, we have chosen to follow the flow of information 
from generation to use. Because the terminology used to describe organiza
tions, activities, services, and people engaged in handling information 
often obscures their common functions, the sequence of major operations 
involved in this flow has been described in terms of the functions per
formed rather than of the names of the performers. Other viewpoints would 
yield different pictures, all equally valid but not necessarily equally 
useful for our purpose. The ideal visualization would encompass all major 
viewpoints, looking both forward in time from the generator, and backward 
from the user. 

If the information resulting from scientific observation, experimen
tation, and reasoning is called "scientific" information, then the infor
mation about research, i.e., news about scientists, money, equipment, and 
supplies or messages related to the administration of research, may be 
termed "parascientific" information. This analysis pertains primarily to 
scientific information. 

Conventions Used in Diagrams 

Certain conventions have been adopted for all diagrams: 

(1) a parenthetical letter-number combination in a box refers 
to a diagram that provides a further breakdown of the 
operation; 

(2) boxes with broken outlines and broken-line arrows represent 
processes and flow channels outside the concern of the diagram; 
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a small square containing a single letter indicates that 
processes have been omitted to simplify the diagram and 
refers to another diagram that shows these processes; 

a star (^) indicates an important point at which quality 
control is commonly exercised; and 

the symbol, e >  indicates an important point at which the 
message is improved in form or content by feedback from 
the generator's colleagues or from specialists in form of 
presentation (e.g., non-scientists, editorial specialists). 
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ANALYSIS 

Over-all View of Biomedical Information Complex (Fig. A) 

In Fig. A, five major functional components are distinguished. The terms used for these 
components were chosen for generality: 

(1) Generation - Use: depicted as a two-phase function; 

(2) Oral Communication; 

(3) Primary Record Processing: all activities associated with recording scientific 
information and with the initial distribution of the records produced; 

(4) Document Processing: collection, analysis, storage, and retrieval of information 
records (documents) after recording and initial distribution; and 

(5) Information Processing: operations in which information is extracted from 
documents, evaluated, modified, and synthesized into new records. 

If the system and its elements are to operate most efficiently in promoting the objective 
of the complex, a sixth component must be added, namely, research and development aimed at 
improving efficiency. This component, however, cannot be depicted in the same scheme. Another 
function of the system not depicted separately in this diagram is quality control. This func
tion, which is vital for the ultimate purpose of the system, is performed at a number of places 
in the scheme we have selected. 
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Oral Communication (Fig. B) 

Informal oral communication includes all face-to-face or telephone exchanges other than those 
structured by the formalities of such planned events as scientific meetings, lectures, and seminars. 
The processes of formal oral communication include the planning and announcement of the events, as 
well as the activities of the generators in preparing for and presenting oral reports. Quality control 
may be exercised by selecting the active participants (generators) on the basis of their past work or 
of abstracts of the reports they wish to present. In all cases, there is either oral or written ex
change between the active participants and the planners. In preparing to present a paper, a scientist 
may have to obtain a decision from his institution as to whether a given piece of work is ready to be 
reported and his presentation may be modified as a result of feedback from his institutional associates. 
The titles or abstracts of papers to be presented at an event are included in its announcement, which 
is usually transmitted in recorded form as well as orally. Preparation for an oral report entails 
either making notes or writing out the full text. At the event, the presentations may be recorded 
verbatim or summarized by listeners who intend to give an account of the event later. Thus the in
formation transmitted orally is committed in whole,or in part, to records by several routes, which 
will be covered under "primary record processing." 
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General Scheme of Primary Record Processing Component (Fig. C-l) 

Figure C-l shows the complete sequence of major operations entailed in primary 
record processing. Figures C-2, C-3, and C-4 dissect the operations of recording, 
publication, and distribution, respectively. 
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Recording (Fig. C-2) 

The focus in Fig. C-2 is on the processes involved in the operation of recording. Informal 
records include manuscripts, data and work sheets, notes, correspondence, and other forms of 
recorded scientific information not intended for distribution outside administrative or personal 
channels. Production of informal records is shown in more detail in Fig. C-2a. Some informal 
records are distributed as such or are reviewed by the generator and his institution for publication 
as formal records. This review may include a quality-control decision as well as other considerations 
including protection of proprietary interests in industrial institutions and selection of the appropri 
ate form for publication (e.g., journal article, book, or technical report). 
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Production of Informal Records (Fig. C-2a) 

The different kinds of informal records produced as byproducts of formal oral 
communication are depicted in Fig. C-2a, with those produced for other purposes. Any 
of these informal records may receive limited distribution. If publication is con
templated, a certain amount of preparation is usual before committing the record to a 
definitive intramural review. Drafts may be distributed to obtain informal opinions, 
and feedback may modify successive drafts. 
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Publication (Fig. C-3) 

The informal record is submitted for extramural review to a publisher (book") editorial 
( journal  ar t icle) ,  or  the sponsoring agency ( technical  report) .  For the technical  report 
this review includes a consideration of indications for HmiUno -u *. • • 
security or other restrictions. If the ^porf ̂ "ha^if !S?£L£:CSr,£LSl?\: 
processes entail special precautions and often special channels parallel to those for non-cls^if a 
reports. During revision and redaction, the form and content of the record are modifi'pH h f ai,16! 
to the generator before copies are reproduced (printed, photocopied, etc.) for distributions 
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Distribution (Fig. C-4) 

For formal records, the issuing organization fills prepublication orders for copies that the 
author (or his institution) will distribute automatically and for copies to be sent to standard lists 
of recipients (e.g., subscribers). All automatic distribution according to set plans is tprmpH 
"primary" distribution to distinguish it from "secondary" distribution The let-^e te™ed 
sponse to postpublication orders (requests) for a specific docSent fe'g a reprint of"7 
article). Secondary distribution is covered later (Fig. D-2) as nart oftht ! ? journal 
component. Informal documents, though often distributed to only one recipient (r^", letters)"8 

may receive a wider primary distribution and some secondary distribution to meet revests fr^' 
those who have heard of the document in some way, often by word of mouth. 
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General Scheme of Document Processing Component (Fig. D-l) 

The major operations included in document processing are cimmorio A  •  N -

detail in Figs. D-2, D-3, and D-4. The documents processed mayT eJther^omll or *? a™lyZed in 

however, the latter are usually considered to be "ephemera" by conventioLfX,Jnr -reC°rdS; 

services (e.g., libraries and abstracting-indexing servicesj Ld ™ document processing 
or stored without the processing that formal records receive For examnlT ^SCarded d^in§ collection receive, tor example, they are seldom announced. 



G E N E R A T | O N  AND 

"ORAL~CCMMUN I CAT FON-

USE 

~ t 
I  
I  
I PRIMARY J 

RECORD Y 
PROCESSING I 

J 

H  I  
to 
O  

MS-

-0-

AC Q U I S I T I O N  B Y  
P R I M A R Y  ^  

D I S T R I  B U T  I  O N  

AC Q U I S I T I O N  B Y  
S E C O N D A R Y  J F C -

D I S T R I B U T I O N  

D Is p o s IT ION OF 
0UT-OF-SCOPE 

DOCUMENTS 
/ 

-» 
RE L E V A N C E  

T O  C O L L E C T I O N  

I AN A L Y S I S  A N D  
ANNOUNCEMENT - » •  

•>!  (D-3) 

FIGURE D-2. DOCUMENT 

| [ 5 j [ J  S e e  C O R R C S P O N O I N G  S Y M B O L S  

CO L L E C T I O N  

I N  F I G U R C  C M  



Document Collection (Fig. D-2) 

The processes depicted in Fig. D-2 apply to the building of small, personal collections by 
scientists as well as to the acquisition of extensive collections by great libraries. In acquiring 
documents by either primary or secondary distribution, quality-control decisions are usually made. 
After receipt, a scientist collecting for his own use may discard a document if he finds that the 
information contained, although relevant to his interests, is of questionable quality. In collec
tions intended for the use of many, however, documents that have been ordered are usually retained 
unless obviously irrelevant or in a form not suitable for subsequent processing. 
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Document Analysis and Announcement (Fig. D-3) 

Documents for collections of any size are usually characterized by physical form, issuing source, 
titles,^dates, authors, etc., before storage. In libraries this process is called "descriptive cata
loging. It is essentially a clerical operation, in that it requires no knowledge of the subject matter 
of the documents. Documents are then analyzed by subject content and classified or indexed to facilitate 
later retrieval. The results of this analysis are index terms (indicia), annotations, or abstracts for 
each document. Some libraries, and all abstracting-indexing services, then announce their acquisitions 
The announcement function may be served by special media, such as a simple list of document titles issued 
to the clientele of the document processing services, or by a periodical containing abstracts of each 
document and detailed author and subject indexes. Acquisitions can also be announced in a special sec
tion of a journal devoted primarily to publishing original records. The products of either descriptive 
cataloging or subject analysis may be used in announcement. Lists prepared by permuting the words in 
document titles using a computer are an example of announcement by purely clerical processes Index 
Medicus is an announcement periodical that uses the products of both descriptive cataloging Ind~^bTect 
analysis. Regardless of the announcement medium, the same processes described for primary record 
processing, from redaction and revision on, must be accomplished. Some documents are received with 
abstracts and indicia prepared either by the author or by the publishing organization. "Ready-made-
abstracts and indicia are, in some cases, also obtained separately by arrangement with the publishing 
organization (e.g., Biological Abstracts receives author abstracts on forms supplied to authors by 
cooperating journals). J 
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Storage, Search, and Delivery of Documents and References (Fig. D-4) 

Before storage, additional subject analysis and coding of the indicia may be required to ensure 
efficient retrieval, i.e., search and delivery. From here on the indicia are usually processed 
separately from the documents they describe, and two parallel processing chains exist, one storing 
the indicia and retrieving from this store references or "addresses" to documents that may contain 
desired information, the other storing the documents themselves and retrieving them once their 
addresses are known. Any document-processing service must develop both chains to some degree, but 
one or the other is usually emphasized. Abstracting-indexing services concentrate on the reference 
processing chain and produce reference search tools (e.g., Chemical Abstracts'): typically these 
services do not themselves maintain extensive document stores. Some specialized libraries, particu
larly those of industrial concerns engaged in research, develop their reference retrieval capabilities 
in narrow subject fields to a high degree by supplementing the reference search tools they can pur
chase from abstracting-indexing services with their own more exhaustive analysis of formal records. 
Such libraries also cover informal records (e.g., internal reports) that are not processed by standard 
abstracting-indexing services. Their document collections are highly specialized and relatively small, 
and they must augment their document retrieval capabilities by calling on major conventional libraries 
for loans or photocopies of documents. When a library specializes in a narrow field and in providing 
excellent reference retrieval services for research workers, it is often referred to as a "specialized 
information center" if these services are available to other than intramural scientists. 
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Document Retrieval (Fig. D-4a) 

Conventional libraries, which serve a heterogeneous clientele and handle relatively broad 
subject areas, e.g., academic biomedical libraries, typically allot most of their resources to 
building large stores of documents with the goal of becoming largely self-sufficient as regards 
document retrieval. They purchase reference search tools for journal literature from abstracting-
indexing services rather than undertaking their own subject analysis of this type of literature. 
Although most do some descriptive cataloging and subject analysis of books they also depend on 
the "ready-made" reference search tools for books that are produced by the large government 
libraries and by commercial services, such as the Library of Congress catalog cards, the National 
Library of Medicine catalog, and Books in Print (Bowker Co.). Document retrieval employs search 
tools analogous to those for reference retrieval. "Union lists" are produced and published as 
regional or national efforts of libraries. These lists indicate which libraries have given documents 
and are used when a library wishes to borrow a document it does not have itself. 
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General Scheme of Information Processing Component (Fig. E) 

Information processing is distinct from document processing in that the unit processed is an item 
of information» rather than a document; in a general sense, it starts where document processing leaves 
off and it depends largely on prior accomplishment of the operations of document processing. A scien
tist is primarily an information processor. He uses his information processing abilities to provide 
general service to the scientific community when he reviews the information generated by others, 
evaluates it, reassembles the information items (synthesis), and produces a new record. A critical 
review that evaluates existing information and achieves a synthesis is the best example of one of the 
two major types of traditional information processing services. The other does much the same thing 
with data to produce critical tables and handbooks of standard values. Another information processing 
activity involves providing a factual answer to a question, as opposed to referring the inquirer to one 
or more documents that may contain the answer, or several different answers. Scientists have always 
answered colleagues' questions, using their experience to sift available information and arrive at the 
"best" answer; but until fairly recently this activity has not commonly been formalized or "institu
tionalized" as a service, at least for research workers. Currently the trend is toward increasing 
numbers of institutionalized services to produce critical reviews, critical data compilations, and 
authoritative answers. These may be called specialized information evaluation centers to distinguish 
them from document processing services. 

Figure E depicts the basic operations of such information processing activities. Most of the 
operations are analogous to those of document processing. Several differences, however, exist: 
(1) An information processing service may itself record new scientific information, rather than 
waiting for scientists to produce and distribute their own records; e.g., the service may use an 
observer to record oral presentations at scientific meetings or may obtain data directly from the 
generators. (2) Documents can be judged by the quality and value of the information they contain, 
rather than by form; information processing services, therefore, handle more informal records and 
are less handicapped by the time-lag inherent in publication. (3) The step of critical evaluation 
and synthesis is added to those shared with document processing. 
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Summary of Major Components and Operations of Biomedical Information Complex (Fig. F) 

The major operations of the entire system are recapitulated in Fig. F. Thus far the channels in 
the model have been considered only from the generation end. At this stage it is interesting to re
verse the viewpoint and look at the system briefly from the use end. 

The information processing component is seen as a user of scientific information. Information 
processing, as we have defined it, requires that the processors have substantive knowledge of the 
scientific field in which they work. For many services, the processors must be the peers of the 
clientele served in scientific judgment. Such scientists, who spend varying portions of their time 
in processing information for others, are the scientific "middlemen" described as the "backbone" of 
the type of information center* on which the Weinberg Report (2) placed great emphasis. The functions 
of information processing are central to the growth of science in that information is metabolized to 
produce knowledge (3). That part of the information processing component that has been institutional
ized actually represents a specialized segment of the biomedical research community (the generation-
use component). 

The model also illustrates the rich variety of the channels available to the user. To obtain the 
information he desires, he may use any or all of the four components and may choose the channel best 
suited to his needs and habits. The information carried by the different channels varies in currency, 
strictness of quality control, condensation, specificity, etc. His freedom of choice is limited, how
ever, in that the channels are not true alternatives, and no one component can fill all his needs. 
For example, if he wants to know what a colleague has done in the previous few months, he must usually 
rely on oral communication or informal records (correspondence), because a time-lag is inherent in 
the production of formal records. If he wants only a simple answer to a specific, but unusual, ques
tion, such as "What is the LD^Q dose of morphine for salamanders?", it is unlikely that he will find 
an information processing service that can readily meet his need. He will probably have to try his 
luck with document processing services and attempt to find the answer somewhere in the documents they 
will supply. 

* These would be called "information evaluation centers" (or "services") in our terminology. 
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Quality Control Over Information Channels (Fig. G) 

The major points at which the "yes-or-no" type of quality control may be exercised over output 
channels are summarized in Fig. G, using a typical NIH project at various stages as an example. Adminis 
trative channels are shown on the left side. An NIH study section exercises quality control over the 
dissemination of information on a scientist's plans through the NIH Grants Index and the Science Informa
tion Exchange, in that only approved projects are processed by these services. The major output channels 
to the scientific community are shown on the right. Double-walled arrows designate the more important 
channels for substantive reports of research results. Quality control over output is exercised by the 
scientific community at three major points. When the investigator is formulating a project and wants to 
discuss his ideas, he may not have the advantage of the forum provided by small, closed meetings of leader 
in his field unless he qualifies for inclusion in the group. His paper may not be accepted for presenta
tion at a meeting unless certain quality standards are met by the "preview"* he submits to the meeting 
planners. Finally, a journal may not publish his manuscript if it fails to meet the editorial board's 
standards for quality. Although quality control of some kind is exercised by most meeting planners and 
journals, a persistent scientist can almost always find some meeting at which he may give his paper or 
some journal that will publish his manuscript. Therefore, although quality control is exercised over 
individual elements of the two main output channels, there is no effective quality control for the channel 

as a whole. 

All the channels carrying oral information or informal records reach only a limited segment of the 
research community, whereas the audience for a published document is potentially unlimited. This means 
that journal publication of "previews" of oral reports is often the first channel by which information 
resulting from research becomes widely available to the biomedical community. 

* This is usually referred to inexactly as an "abstract" and represents a summary of what he thinks he 

will say. 



TABLE II-1. PERFORMANCE AND SUPPORT OF FUNCTIONS OF BIOMEDICAL INFORMATION COMPLEX 

FUNCTION 
SERVED 

GENERATION ORAL COMMUN. 
1 RECORD 
PROCESSING 

DOCUMENT PROCESSING* 
LOCAL GENERAL 

INFORMATION 
PROCESSING 

(EXTRAMURAL, 
COMMUNICATION 
RESEARCH &. 

PERFORMING A 
ORGANIZATION A 1 c A P P c A I G P C G G P C A 1 G P c 

£ GOVERNMENT 
(G) 

• + • t + + ? 1 • + • • + 1 t • 
t 
• 

5 FOUNDATIONS + + + 1 1 + 1 9 

1NDUSTRY 
(1) 

+ • + + 
t • •f 

ACADEMI c 
(A) 

+ + • + 1 i 
USE FEES"J" X XI X • • • 

1 
• • 

L 
• • 

LZ_ . 
IV 
V k 

<r 
8 
CO 

i A •> ACADEMIC AND NON-PROFIT RESEARCH INSTITUTIONS 
(jJ 
P- I • BIOMEDICAL INDUSTRIAL ORGANIZATIONS, PRINCIPALLY PHARMACEUTICAL COHPANICS 

F • FOUNDATIONS, INCLUOING VOLUNTARY HCALTH ASSOCIATIONS 
G • FEDERAL GOVERNMENT 
P • PROFESSIONAL SOCIETIES 

C • COMMERCIAL ORGANIZATIONS — PUBLISHERS, INFORMATION SERVICES, ANO COMPANIES PERFORMING CONTRACT RCSCARCH ANO 
DEVELOPMENT IN SCIENTIFIC INFORMATION 

• "LOCAL" SERVICCS ARC THOSE INTCNOCO PRIMARILY FOR LOCAL BIOMEDICAL COMMUNITIES, C.O., INSTITUTIONAL LIBRARICS; 
WHEREAS, "OCNCRAL" SERVICES ARC FOR THC ENTIRE BIOMEDICAL COMMUNITY, E.G., ABSTRACTING-INOCXING SERVICES, 
NATIONAL LIBRARY OF MCDICINC, CTC. 

** c.o., PSYCHOPHARMACOLOGY SCRVICE CENTCR OF NIW, REVIEW PUBLICATIONS, MANOBOOKS OF BIOLOGICAL O*TA, tic. 
"F SUBSCRIPTIONS, MCCTINO REGISTRATION FEES, MEMBERSHIP OUES, ANO OTHER OIRCCT CHARGES ON USERS or INFORMATION 
• PRIMARY SOURCE OF SUPPORT FOR OIVCN TYPE OF PERFORMING ORGANIZATION 
• STCONOANV SOURCE (PROBABLY ̂  IOJ( OF TOTAL SUPPORT) 
T POSSIBLY OUALIFICS A* SCCOMOARV »OURCC 



DISCUSSION 

Financial Support of the System 

Table II-l presents a rough assessment of the relative importance 
of the different sources from which the system draws support. This anal
ysis is in terms of immediate, rather than ultimate, sources of funds; 
thus, although scientists may use Federal grant funds to pay for journal 
subscriptions, the immediate source is "use fees." 

Federal Support. In recent years, data on Federal expenditures for 
scientific communication have improved. For fiscal 1963, total Federal 
obligations for scientific and technical information activities amounted 
to some $125 million (4). About $40 million went to private organizations 
in the form of grants or contracts with the primary purpose of supporting 
information activities. This figure for "extramural" support does not 
include research grant or contract funds used for information services 
(e.g., to attend meetings or purchase journals). Thus, it represents 
the Federal government's contribution to the entire scientific information 
complex as an immediate source of support only. Of this $40 million, the 
Public Health Service spent almost $7 million. (Its expenditures for 
"intramural" information activities were around $15 million.) Of the 
$7 million, approximately 15 percent went for activities that we have 
grouped under formal oral communication, 12 percent for primary record 
processing, 46 percent to document and information processing, and 28 
percent to research and development in scientific communication. An 
unknown proportion of other Federal agencies'* intramural and extramural 
expenditures on scientific information activities also represents support 
for the biomedical information complex. Their contribution as sources of 
support is probably of greatest relative importance in the area of research 
in scientific communication, where many of the findings apply generally 
to all fields of science. 

Other Sources of Support. Data on sources of support other than 
government cannot be obtained so directly, and the various published 
estimates of total U.S. expenditures (private and governmental) for 
scientific communication are difficult to relate to the biomedical in
formation complex. We have undertaken to develop cost estimates for some 
of the activities of the complex, but numerous gaps remain. Although the 
total cost of each or all of the system components is not known precisely, 
it is possible to rank in a rough order of importance the different sources 
of suppor,t for the major types of organizations that perform the system s 
functions. 

*Primarily other agencies sponsoring biomedical research, such as the 
Atomic Energy Commission, the National Science Foundation, Office of 
Vocational Rehabilitation, Department of Agriculture, and Department 
of Defense. 
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component.* The support pa planned events .  For  the ad hoc 
only for its formal aspects, 1. ^ a u s p i ces  of  academic or  profes-

major  source.** 

, n.onrd Processins. The Federal government contribute. 
direct ly  to  the publ icat ion and dis t r ibut ion operat ion,  of  pr l»ry tatard 
processing by subsidies and page charges. Industry contributes P*1"1 

i ly  by paying for  advert is ing space.  Although cownerclal  publ ishers  are  
not  e l igible  for  government  payment  of  page charges ,  'bey rwalva an 
unknown amount  of  support  in  the form of  subsidies  for  pubi icat lon of  
proceedings and charges  for  excess  i l lust ra t ions,  tables ,  e tc .  

Document  Processing.  The operat ions of  " local"  document  processing 
services  (pr imari ly  l ibrar ies)  are  not  general ly  e l igible  for  d l r # c* 
Federal  support ,  but  an unknown amount  of  overhead funds on grants  and 
contracts  goes to  support  these services .  The overhead funds al lot ted 
by inst i tut ions to  their  l ibrar ies  may be small ,  but  the total  contr ibu
t ion from this  source could wel l  amount  to  more than 10 percent  of  the 
to ta l  operat ing budgets  of  academic l ibrar ies .  Industr ia l  and academic 
institutions contribute importantly to supporting "general" document 
processing services ,  such as  abstract ing-indexing services;  but  this  
support  i s  mediated through the payment  of  subscr ipt ion fees .  Inst i tu
t ional  subscr ipt ions account  for  a lmost  the total  subscr ipt ion revenue 
of  the  more expensive services  . t  Although not  depicted in  the aystea 
diagrams,  t ranslat ion act ivi t ies  may be considered a  special  type of  
document  processing.  Current ly ,  both the Federal  government  and Induatry 
spend large sums for  t ranslat ions performed by professional  soclat iaa  
and commercial  services .  

Information Processing.  A recent  compilat ion (5)  l i s ts  IOM 50 U.S.  
services  that  would appear  to  qual i fy  as  general ly  avai lable  biomedical  
information processing services  (or  special ized information evaluat ion 
centers)  by our  def ini t ion.  About  half  of  these are  associated with 
academic or  professional  organizat ions.  From the descr ipt ions of  the 
la t ter ,  i t  is  obvious that  most  are  actual ly  byproducts  of  an Intramural  
research program and are  not  supported pr imari ly  to  provide extramural  
information seryrces .  Not  Inoludad In  this  co^UatLn "a  

* The first operation (recording nf 
directly supported by biomedical resea^f "d° pr°""tn« 

** Only the costs of the performing • . * 
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biomedical review publications issued by professional societies and com
mercial publishers. Certain of the information processing operations of 
some government services, e.g., the Psychopharmacology Service Center of 
NIMH, are performed by commercial contractors. 

Communication Research and Development. The Federal government seems 
to be the major supporter of research and development aimed at improving 
scientific communication other than that performed by industrial concerns, 
many of which have undertaken major programs to improve their intramural 
information services. With the exception of the Council on Library Re
sources, which was set up expressly to support the development of better 
information services,* private foundations have provided relatively little 
support for communication research, at least in the area of scientist-to-
scientist communication. 

Trends in Support Patterns. The annual cost of operating the bio
medical information complex has, in recent years, probably increased more 
rapidly than the number of scientists; but projections on the basis of 
existing data must be very rough.** Even data on Federal expenditures, 
which are best developed, are unreliable for assessing trends, because 
the methods used to obtain these data have been changing and the complete
ness of agencies' reporting has been increasing. However, changes in the 
over-all pattern of support are clear. In the past 20 years, as govern
ment sponsorship of biomedical research has grown to its present domi
nance, the operations of the biomedical information complex have, in 
general, become less dependent on use fees and academic institutions. 
All indications are that this shift is accelerating. 

Usefulness of Model 

The model of the system represented by the diagrams is crude and 
qualitative only. It does, however, provide a framework for collecting 
the data on the volume of flow in the various channels, time requirements 
for processing operations, manpower, money, etc., required to develop a 
quantitative model. Such a model would seem to be essential for intel
ligent decisions on policies that may affect the operation of the entire 
system. 

Even in the present form, the model can be useful in a number of 
ways. Some of the more important are: 

* In fiscal 1963, the Council spent almost $1 million on such projects 
(6). 

** See other staff papers for estimated trends for some operations, such 
as local and general document processing services. When the annual 
cost of publishing some 1,000 U.S. biomedical journals and several 
hundred books, of running scores of abstracting-indexing services, of 
maintaining some 500 biomedical libraries and various types of informa
tion centers, and of conducting hundreds of meetings is considered, an 
estimate of $50 million (about 6 percent of the total U.S. expenditures 
for biomedical research) is obviously conservative. This represents 
only operating expenses; the capital investment is much larger. 
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n)  The model  permits  analysis  of  the  exis t ing mechanisms J o r  c o -

£ s=SSSS. 
Editors-  and for  abstract ing-indexing,  the Nat ional  Federat ion of  Science 
Abstract ing and Indexing Services) .  However ,  cont inuing »®chani«M tO 
effect  coordinat ion among the major  funct ional  components  of  the  system, 
e .g . ,  between pr imary record processing and document  processing,  are  
largely nonexistent. The efforts of the Office of ScIence lnfOCTMltlon^^ 
Service of  the Nat ional  Science Foundat ion to  promote coordinat ion among 
performing organizat ions within the larger  science information complex 
are  a  noteworthy except ion.  

(2)  The model  faci l i tates identif icat ion of cr i t ical  operat ions and 
act ivi t ies  where l imited capacity may disrupt  the functioning of  whole 
components or  of  the entire  system. When these points  are identif ied,  
act ion can be taken to overcome the bott lenecks.  For example,  our analysis  
of  document retr ieval  operat ions indicates that  the capacity of  this  chain 
is  inadequate to handle the demands that  wil l  be generated by improvements 
in reference retr ieval  services (See Staff  Paper No. VI) .  

(3)  The model  provides a  perspective for  viewing the problems of 
biomedical  communication in terms of their  relat ive importance and for  
al lot t ing available resources accordingly.  Not unti l  the quanti tat ive 
aspects  of  the model  are bet ter  developed can some of  the quest ions about  
the relat ive importance of  various channels  and operat ions be answered 
defini t ively;  but  from what  is  now known, i t  would seem that  the problems 
of searching for  references have received a disproport ionate share of  
at tention and of  the effort  devoted to communication research and develop
ment.  

(4)  The model  aids in determining where innovations might  be ad
vantageous and in predict ing their  effects  on other  parts  of  the system. 
For example,  in  considering for  possible automation those act ivi t ies  that  
have been identif ied as essential ly clerical ,  the effect  of  such a change 
upon the capacity of the given channel  can be seen,  as  well  as  the changes 
that  may be required in operat ions that  depend on the given act ivi t ies .  

(5)  The model  indicates clearly the type of  personnel  required for  
different  information act ivi t ies—where a high degree of  subject  matter  
knowledge is  essential ,  and where other  qualif icat ions are more important .  
For example,  i t  can be seen that ,  regardless of  automation,  any increase 
in information processing services wil l  require scientif ic  manpower and 
the anticipated returns must ,  therefore,  be weighed against  competing 
demands for  this  l imited resource.  

.  ( 6> The model  demonstrates that  the biomedical  information complex 
and each of  i ts  components are integral  and essential  parts  of  the bio
medical  community and identif ies  the act ivi t ies  that  cannot  be delegated 
by research scientis ts  to others.  aeiegated 
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NAS-NRC Study of  Communicat ion Problems in  Biomedical  Research 

Staf f  Paper  No.  I l l  

THE INFORMATION OUTPUT OF BIOMEDICAL RESEARCH AND DEVELOPMENT *  

INTRODUCTION 

The s tudy descr ibed in  th is  paper  was  under taken to  develop re la
t ionships  between the  magni tude  of  the  nat ional  b iomedical  research and 
development  (R & D) e f for t  and the  quant i ty  of  informat ion genera ted  
thereby.  Speci f ica l ly ,  the  s tudy was  d i rec ted  to  the  hypothes is  tha t  the  
volume of  output  of  informat ion i s  re la ted  d i rec t ly  to  the  number  of  re
search workers ,  ra ther  than to  the  funds  expended on R & D.  The con
c lus ions  reached i l luminate  one fac tor  contr ibut ing to  current  communi
ca t ion problems and provide  a  useful  bas is  for  the  predic t ion of  fu ture  
t rends .  

The genera l  object ive  was  t rans la ted  in to  the  fol lowing speci f ic  
a ims:  (1)  to  obta in  a  comprehensive  p ic ture  of  pas t ,  present ,  and ant ic
ipated  biomedical  R&D, in  terms of  funds ,  manpower ,  and organizat ion;  
(2)  to  ident i fy  the  informat ion output  tha t  can be  a t t r ibuted d i rec t ly  
to  th is  ef for t ;  and (3)  to  es tabl ish  genera l  corre la t ions  between ef for t  
and output .  These  a ims could  be  achieved only  by res t r ic t ing  our  s tudy 
to  R & D communi t ies  for  which adequate  da ta  were  avai lable  on manpower  
and expendi tures ,  and to  uni ts  of  informat ion output  tha t  could  be  read
i ly  recognized and counted.  For  these  reasons ,  the  explora t ion of  quan
t i ta t ive  re la t ionships  was  necessar i ly  l imi ted  to  the  U.  S .  b iomedical  
communi ty  and to  pr in ted  informat ion.  

In  addi t ion  to  the  "pr imary records"  of  R&D, as  we def ine  or ig
inal  repor ts  of  sys temat ic  sc ient i f ic  inves t igat ion,  the  " l i te ra ture"  
conta ins  many "secondary  records"  of  var ious  types  (e .g . ,  reviews,  teach
ing ar t ic les ,  texts ,  and handbooks) ,  as  wel l  as  a  s izable  miscel lany of  
case  repor ts ,  descr ip t ions  of  c l in ica l  exper ience ,  edi tor ia l  mat ter ,  
essays ,  organizat ional  repor ts ,  e tc .  Al though the  volume of  secondary  
records  i s  undoubtedly  re la ted  to  that  of  pr imary records  any quant i ta
t ive  corre la t ions  between R&D effor t  and the  number  of  b iomedical  
papers  or  documents  should  be  most  obvious  f rom the  d i rec t  output  of  
R&D, i .e . ,  the  pr imary records .  We therefore  concentra ted  on tha t  por
t ion  of  the  l i te ra ture .  

This  paper  re la tes  some of  the  f indings  to  date ,  descr ibes  our  p lans  
for  addi t ional  col lec t ion and analys is  of  da ta ,  and points  out  areas  tha t  
warrant  more  in tens ive  s tudy in  the  fu ture .  

*  Not  for  publ ica t ion or  publ ica t ion reference .  
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METHODS AND SOURCES 

There were many pract ical  obstacles  to  this  apparent ly  s imple ap
proach.  Although the measurement  and analysis  of  the d  '  '  
science and technology have improved m recent  years ,  ^curate  
liable data on important aspects of biomedical R & D are still LARGER 
lacking.  As might  be expected,  the most  complete  data]per ta in  to . f inan 
cial  support .  Next  to  dol lars ,  professional  m a nP°" e r D h*S  j j?  
most attention; but private practitioners engaged in R & D 
side support  and physicians engaged in  research but  employed in  hospi ta ls ,  
federal  and s ta te  research instal la t ions,  industry,  and group pract ice ,  
are  not  wel l  covered (1) .  Useful  compilat ions of  data  on research pro-
jects and the organizations conducting them are only beginning to be avail
able .  In  addi t ion to  the exis t ing large gaps,  there  are  t roublesome in
consistencies in the terminology and definitions of what is being meas
ured and analyzed. Even in the case of some serial data Issued from a 
single  source,  the bases  and methods of  measurement  change so of ten that  
i t  becomes precar ious to  at tempt  to  assess  t rends over  a  span of  as l i t t le  
as  10 to  20 years .  

We encountered even more ser ious pract ical  dif f icul t ies  in  t rying 
t o  i d e n t i f y  q u a n t i t a t i v e l y  t h e  i n f o r m a t i o n  o u t p u t  f r o m  b i o m e d i c a l  R & D .  
Although there  are  a  few est imates  of  undetermined accuracy,  essent ia l ly  
no sol id  data  exis t  on the information generated by a l l  U.S.  biomedical  
R&D. Admit tedly,  i t  is  not  as  easy to  couple  biomedical  information 
output  d i rect ly  with R&D act ivi t ies ,  as  i t  is  for  the information gen
erated by defense,  space,  and nuclear  R&D. In  these f ie lds ,  the major  
emphasis  i s  on development;  and the major  instrument  of  support  i s  a  con
t ract  requir ing the del ivery of  a  report .  In  contrast ,  most  of  the funds 
in  the biomedical  f ie ld  are  al located for  research rather  than develop
ment ,  the  grant  is  the pr imary instrument  of  support ,  and the major  source 
of  funds (NIH) requires  only adminis t ra t ive reports ,  a l lowing the inves
t igator  freedom to publ ish his  scient i f ic  f indings in  t radi t ional  chan
nels  as  and when he sees  f i t .  Whereas  one can easi ly  ident i fy  and s tudy 
the total  direct  information output  of  work supported by such an agency 
as  the Atomic Energy Commission (AEC),  th is  cannot  be done for  NIH. 

In  at tempting to  overcome these obstacles  and d i f f icul t ies  we con
ducted an intensive search for  publ ished and unpubl ished data  re la t ing 
to the biomedical  R & D  effor t  and to  i t s  information output .  The search 
covered both government  and pr ivate  sources ,  in  par t icular  NIH the 
Nat ional  l ibrary o£ Medicine (NLM) ,  th .  Fetat ion" "«t ic« Soc£t l . .  
for  Experimental  Biology (FASEB) ,  the  Inst i tute  for  Adv .nceL"t  of  Medial  
Co.nunic . t ion (IAMC),  the  Nat ional  Science Foundat ion (NSF) the  Lb^rv 

C o n , m i t" e s  ° £  congress ,  and Herner  and Company. '  £  luo cal led on many experienced Dpr«?nnc t?- .  i_ •  ®iso 
advice,  and guidance in  locat ing desired data  r tT ^  *S S l s t a n c e '  
icance,  and probable  re l iabi l i ty  ( in  te  exact  meaning,  s ignif-
from what  source)  were careful  i t  => ® w  w a s  obtained and 
«e found.  The b s t"  the« " ready 'df^ "C h  of  d . t .  
cussed in  this  paper .  m "ch"^ T^sotlll ITS"-
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Early in the course of the study, we saw that the available data 
would be grossly inadequate to answer the questions posed; we therefore 
initiated a program of collecting additional, original data. This pro
gram was severely restricted by the time and manpower available; however, 
it has already resulted in interesting new data, some of which are in
cluded in this paper. (See the addendum for more detailed results.) 

RESULTS 

Funds for Biomedical R&D 

In Table III-l, past and projected expenditures for biomedical R 6c 
D are compared with the gross national product (GNP), national costs of 
medical and health care, and total expenditures for U. S. scientific R 
& D. The changing pattern of support for biomedical R & D is shown in 
Table III-2. In the past decade, the Federal government's share has 
increased steadily, until in 1960 it exceeded half the total. During 
the same period, NIH has become by far the largest single source in the 
Federal government and in the nation as a whole. 

Manpower 

The growth in the number of professional workers* engaged in bio
medical R & D is documented in Table III-3. In the period from 1954 to 
1960, the total number more than doubled, and for the decade 1960-70 
another twofold increase is projected. Manpower measured in terms of 
full-time equivalent man-years has increased somewhat less rapidly. 
These changes have been accompanied by steadily increasing expenditure 
per research worker, from $11,800 in 1954 to $18,000 in 1960; and the 
average expenditure per man is expected to reach $39,000 by 1970. 

Organization of Research 

Performing Organizations. Table III-4 illustrates the changing 
distribution of research workers and the simultaneous broadening of the 
institutional base of biomedical research. Most of the growth in re
search manpower has occurred in academic institutions; by 1961, more than 
three-quarters of all professional workers in biomedical R 6c D were in 
universities and non-profit research institutions. At the same time, the 
number of institutions and organizations engaged in biomedical R 6c D has 
increased markedly. In 1961, 1224 institutions received NIH research 
grants, as contrasted with 572 in 1957. Data on the total number are 
available only for 1961, when the Scientific Information Exchange (SIE) 
registered on-going biomedical research in 3,669 public and private 
organizations. 

Projects. Reliable and meaningful data on the number of projects 
are available only for NIH (Table III-5) . Although SIE has been regis
tering a steadily increasing proportion of all biomedical research 

* Defined in the major data source (1) as "principal investigator or 
collaborator." 
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TABLE III-l 
BIOMEDICAL RESEARCH AND DEVELOPMENT IN THE NATIONAL ECONOMY 

(Dollars Stated in Millions) 
U.S. U.S. EXPEND.FOR U.S.EXPEND.FOR U.S. EXPEND. FOR 

B I O M E D I C A L  R & D  
FEDERAL GOVERNMENT 

EXPENDITURES FOR 
YEAR NATIONAL Amount % of Amount % of Amount % of 70of % of SCIENTIFIC BIOMED % 

PRODUCT GNP GNP GNP ill J51 R&D R&D (12)/(11) 
zm 
1940 

(2) (3) w (5) (6) (7) (8) 121 (10) (11) (12) (13) zm 
1940 $100,600 $ 3,900 3.9 $ 345 0.34 $ 45* 0.045 1.2 13.0 $ 74 $ 3* 4.1 
1941 — — — — — — 198 — — 

1942 — — — — — — 280 — — 

1943 — — — — — 602 — — 

1944 — 60* — 1,377 10* 0.72 
1945 7,500 ... ... ... ... 1,591 ... 

1946 — — ... ... ... 918 
1947 — — 88* — 900 28* 3.1 
1948 — 113** — 855 39 4.6 
1949 — — — 133** — 1,082 51 4.7 
1950 284,600 12,400 4.4 2,900 1.02 148 0.052 1.2 5.1 1,083 60 5.5 
1951 329,600 — 3,400 1.03 163 0.050 — 4.8 1,301 73 5.6 
1952 347,000 — 3,800 1.10 173 0.050 — 4.6 1,816 79 4.4 
1953 365,000 — 5,150 1.41 203 0.056 — 3.5 3,101 96 3.1 
1954 363,100 — 5,620 1.55 225 0.062 — 4.0 3,148 107 3.4 
1955 397,500 17,800 4.5 6,390 1.61 240 0.060 1.3 3.8 3,308 118 3.6 
1956 419,200 — 8,460 2.02 285 0.068 — 3.4 3,446 135 3.9 
1957 442,800 21,000 4.7 10,040 2.27 397 0.090 1.9 4.0 4,462 186 4.2 
1958 444,500 22, 700 5.1 11,160 2.51 490 0.110 2.2 4.4 4,990 226 4.5 
1959 482,800 25,200 5.2 12,430 2.57 587 0.122 2.3 4.7 5,803 290 5.0 
1960 504,400 — ... 14,000 2.78 715 0.142 — 5.1 7,738 377 4.9 
1961 520,000 — ... 16,000 3.08 890 0.171 — 5.6 8, 789 496 5.6 
1962 ... — — — — — — 10,172 - - -

1970 800,000 ... — 48,000 6.00 3,000 0.375 — 6.3 — — 

Data sources: 
Except for Items marked with * or 1 **, Columns (2), (5), (7), and (12) taken from U .8. Public Health Service. 

Resources for Medical Research, Report No. 3. Washington, D.C., Government Printing Office, 1963. 
Column (3) and itenm narked with ** taken from O.S. Senate, Committee on Government Operations. Health 

Research and Training, Second Report. House Report No. 321, 87th Congress, 1st Session. Washington, D.C., 
Government Printing Office, 1961. 

Column (11) taken from National Science Foundation. Federal Funds for Science 10, Fiscal Years 1960, 1961, 
and 1962: Surveys of Science Resources Series: NSF 61-82. Washington, D.C., Government Printing Office, 1962. 

* Shannon, J.A. and Kldd, C.V. Medical Research in Perspective. Science 124, 3233, 14 December 1956, 
1185-1190. 

** O.S. Senate. CoMlttee on Government Operations. Health Research and Training. Second Report. House Report 
Ho. 321, 87th Congress, let Session. Washington, D.C., Government Printing OffIce, 1961. 



TABLE III-2 
SOURCES OF SUPPORT OF U.S. BIOMEDICAL RESEARCH AND DEVELOPMENT 

(Dollars Stated in Millions) 

U.S. EXPENDITURES OF NIH EXPENDITURES NIH EXPENDITURES NIH EXPENDITURES 
EXPENDITURES FEDERAL SOURCES FOR BIOMEDICAL R&D FOR EXTRAMURAL R&D FOR INTRAMURAL Rt 

YEAR FOR BIOMEDICAL Amount Percent Amount % of % of Amount 7o of Amount % of 
RES. & DEV. of (2) (2) (3) (5) (5) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

1946 $ — $ — $ 3.1 $ 0.8 25.8 $ 2.3 74.2 
1947 88* 28* 31.8 8.4 9.5 30.0 3.4 40.5 5.0 59.5 
1948 113** 39 34.5 16.4 14.5 42.1 8.9 54.3 7.5 45.7 
1949 133** 51 38.3 21.2 15.9 41.6 10.9 51.4 10.3 48.6 
1950 148 60 40.5 25.8 17.4 43.0 13.1 50.8 12.7 49.2 
1951 163 73 44.8 30.4 18.7 41.6 15.6 51.3 14.8 48.7 
1952 173 79 45.7 32.1 18.6 40.6 18.2 56.7 13.9 43.3 
1953 203 96 47.3 38.2 18.8 39.8 20.3 53.1 17.9 46.9 
1954 225 107 47.6 48.8 21.7 45.6 28.9 59.2 19.9 40.8 
1955 240 118 49.2 58.8 24.5 49.8 33.9 57.7 24.9 42.3 
1956 285 135 47.4 71.0 24.9 52.6 38.6 54.4 32.4 45.6 
1957 397 186 47.0 125.2 31.5 67.3 80.6 64.4 44.6 35.6 
1958 490 226 46.1 157.4 32.1 69.6 100.0 63.5 57.4 36.5 
1959 587 290 49.4 209.6 35.7 72.3 140.7 67.1 68.9 32.9 
1960 715 377 52.7 283.8 39.7 75.3 199.2 70.2 84.6 29.8 
1961 890 496 55.7 385.3 43.3 77.7 286.9 74.5 98.4 25.5 
1962 372.1 

Data sources: 
Except for items marked with * or **, Columns (2) and (3) taken from U.S. Public Health Service. Resources 

Government Printing Office, 1963. 
Medical Research: Past Support, Future 

for Medical Research, Report No. 3. Washington, D.C. 
Columns (5), (8), and (10) taken from Lindsy, D.R. and Allen, E.M. 
Directions. Science 134, 3495, 22 December 1961, 2017-2024. 

* Shannon, J.A. and Kidd, G.V. Medical Research in Perspective. Science 124. 3233. 14 December 1956. 
1185-1190. 

** U.S. Senate, Committee on Government Operations. Health Research and Training, Second Report. House 
Report No. 321, 87th Congress, 1st Session. Washington, D.C., Government Printing Office, 1961. 



TABLE III-3 

BIOMEDICAL RESEARCH AND DEVELOPMENT MANPOWER 
(Professional Worker = Principal Investigator or Collaborator) 

FULL-TIME EQUIV. 
TOTAL NUMBER MAN-YEARS ANNUAL DOLLAR EXPENDITURES 

YEAR OF 
PROF. WORKERS No. 

% of 
Total 

Per 
Prof. Worker 

Per Full-time 
Equiv. Man-year 

(2) (3) (4) (5) (6) 

1954 19,200 14,000 72.9 $ 11,700 $ 16,070 

1958 34,600 23,100 66.8 14,200 21,200 

1960 39,700 27,285 68.7 18,000 26,200 

1970 77,000 ... • . ~ 39,000 

Data source: All data taken from or developed arithmetically from U.S. Public Health 
Service. Resources for Medical Research, Report No. 3.  Washington, D.C 
Government Printing Office, 1963. 
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TABLE IH-5 

U . S .  B I O M E D T R A L  R E S E A R CH AND DEVELOPMENT PROJECTS 

PROJECTS SUPPORTED BY NIH 
Average 

YEAR No. Annual Expend. 

XIL. 

1950 

(2) (33 
XIL. 

1950 1,400 $ 9,360 

1951 1,500 10,400 

1952 1,700 10,700 

1953 2,000 10,150 

1954 2,600 11,120 

1955 3,000 11,300 

1956 3,100 12,450 

1957 5,700 14,140 

1958 6,500 15,390 

1959 8,500 16,550 

1960 10,700 18,620 

1961 13,500 21,250 

1962 14,975 24,800 

PROJECTS ftEGISTF.RED BY SjE* 
Non-Federal lv  Supported— 

Total  No.  No.  Annual  Expend.  
(4)  (5)  £6)  

3,317 

3,216 

4,269 

4,933 

6,015 

6,693 

7,967 

10,849 

12,410 

15,080 

30,012 4,283 

4,876 

4,600 

12,644 

11,457 

11,975 

Data sources: 
Column (2) Lindsay, D.R. and Allen, E.M. Medical Research: Past Support, 

Future Directions. Science 134, 3495, 22 December 1961, 2017-
2024. 

Column (3) calculated from data in Table 111-2, Col. (8), and Table 111-5, 
Col. (2). 

Column (4) U.S. Senate. Committee on Government Operations, Subcommittee 
on Reorganization and International Organizations. Coordina
tion of Activities of Federal Agencies in Biomedical Research. 
Hearing August U I960, 86th Congress, 2nd Sea.ion. 
Washington, D.C., Government Printing Office, 1960. 

Columns (5) and (6) supplied by Science Information Exchange, June 6. 1963 
* Science Information Exchange 
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projects, the completeness of its coverage is unknown. Published estimates 
of the number of projects supported by other Federal agencies and by pri
vate sources are based on the untenable assumption that the average annual 
expenditure per project is the same as for NIH projects. (The average ex
penditure for all non-Federally supported projects registered with SIE in 
1960, 1961, and 1962 was considerably less than that for NIH projects.) 

The duration of projects supported by NIH has been changing. Between 
1950 and 1955, the proportion of 1-year grants decreased from 50 to 10 per
cent (2), while 3- to 5-year grants increased from 20 to 50 percent. In 
1960, 16 percent of NIH grants were for 1 year or less, 19 percent for 1 to 
2 years, 45 percent for 2 to 3 years, and 20 percent for 3 or more years. 
The average duration was 2.86 years (3). 

Growth Trends 

When the various growth curves for the U.S. biomedical R&D effort 
are plotted semilogarithmically, using data from Tables III-l through III-5, 
the slopes suggest underlying exponential rates. The irregularities, how
ever, are so large that the calculation of over-all growth rates as a basis 
for projections into the future is highly precarious. 

Information Output 

Only one previous study has attempted to assess the total output of 
papers directly coupled with a major biomedical R&D program. Lindsay and 
Allen (4) counted the reprints in NIH extramural project files and the 
papers generated by NIH intramural research to obtain the data shown in 
Table III-6 (which is modified in the addendum to this paper). They felt 
these figures represented 90 percent of the total papers generated by NIH-
supported research. We have supplemented their data by adding correspond
ing figures for 1961, and for extra- and intramural research separately 
(see Appendix III-A for complete data, methods and calculations). 

In 1962, Shilling studied the sources of financial support acknowledged 
in all the papers published in 100 key biological journals during the years 
1950 and 1960 (5). Sixty-one of these journals are indexed in Index Medicus 
and therefore fall in the biomedical area.* Because the contents of these 
biomedical journals (9,420 articles in 1960) represent a sizable sample of 
American biomedical literature, we have used the data to illustrate some 
changes in biomedical R&D output during the last decade (Table III-7). 

Publication Habits of Biomedical Workers 

The output of biomedical R&D can be approached less directly by 
studying the publication habits of research workers. Here also we found 
little in the way of solid data, at least for biomedical research workers. 

Gerard's impressive study of physiologists provides the only data on 
a representative cross section (6). In his study, one of the questions 

* The 61 journals are listed in Appendix III-B. 
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TABLE III-6 

PAPERS GENERATED BY NIH-SUPPORTED RESEARCH* 

YEAR 

1957 

1958 

1959 

1960 

1961 

1962** 

Extra- and 
intramural 
research 

(D 

5,230 (5,700) 

5,895 (6,300) 

8,364 (9,000) 

11,000 (12,000) 

13,936 

Intramura1 
research only 

( 2 )  

1,160 

1,329 

1,599 

1,616 

1,634 

1,849 

Extramural 
research only 

(3) 

4,070 (4,500) 

4,566 (5,000) 

6,765 (7,400) 

9,384 (10,300) 

12,302 

Data sources:  Column (1) Data for 1957-1960, Lindsay, D.R. and Allen,  
E.M. Medical  Research: Past  Support ,  
Future Directions.  Science 134, 3495, 
22 December 1961, 2017-2024. Figure for 
1961 calculated by adding columns (2) and 
(3).  In parentheses are corrected values 
obtained by increasing the f igures for 1957-
1960 in Column (3) by 10 percent to compen
sate for a systematic error.  
Issues of the Annual Staff  Biblioaraphv of 
NIH. "  — 
Data for 1957-1960 derived by subtracting 
column (2) from (1),  f igure for 1961 ob
tained by analysis of NIH Research Grants 
Indexes for f iscal  years 1961 and 1962 
(see Appendix III-A for methods,  raw data 
and calculations).  

* Modified in addendum to this paper 

™ral tMestch program £ gLsrzzrzzzssr 1,11 

Column (2) 

Column (3) 
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TABLE III-7 

CHANGES IN RESEARCH SUPPORT AS REFLECTED IN 61 BIOMEDICAL JOURNALS* 

A. Source of Support 

1950 (total no. articles=7,195) 1960 (total no. articles=9,420) Growth "Factor"t 
No. articles 7. total No. articles % total (of totals=1.3) 

"Outside"** 4,798 66 8,751 93 1.8 

2.6 

3.5 

Federal (all agencies) 1,830 25 4,683 50 

Dept. of HEW 836 12 2,900 31 

B. Distribution of "Outside" Support (in 7« of all articles acknowledging "outside" 

1950 1960 

Federal (all agencies) 38 53 

Dept. of HEW 18 33 

* Shilling, Charles W. Support of Scientific Research as Acknowledged in 100 Selected Biological 
Journals. BSCP Communique 8-62, June 1962, entire issue (56 p.). 

** Includes all articles acknowledging financial support from sources outside author's institution. 

"t" Calculated as the ratio of value for 1960 to that for 1950. 



answered by S« 4,000 research Physiologist. 
had published (as author or c o -author) in the previou. j y 
1950-52). Gerard's data can be summarized as follows. 

No. papers % of 
in 3 yr. physiologists 

0 8 
1 or 2 18 
3 or 4 23 
5 or 6 17 
7 or 8 8 
9 or 10 9 
11 or 12 4 
13 or 14 1 
15 or more 10 

The average was 1.7 "authorships"/man-year. Gerard noted that this 
figure was misleading because, if one multiplied the total number of 
physiologists by this average, the product greatly exceeded the annual 
output of American physiology papers; and he commented that multiple 
authorship of papers "may well cut the number to a half or a third." 

One other source of good data on the publication habits of bio
medical workers is the statistics compiled by the Section of Publications 
of the Mayo Clinic on the number of manuscript pages handled per year, 
compared with the total number of Staff Members for the same years (see 
Appendix III-C for complete data). This Section handles all manuscripts 
emanating from the Mayo Clinic. We have supplemented these data with the 
total number of papers published by Mayo Staff Members. The ratio of 
papers to staff members was 1.8 for 1950-54, 1.4 for 1955-59, 1.4 for 
1960-62, and averaged 1.6 for the entire 13-year period. 

We are currently studying how the publication habits of other types 
of biomedical populations have changed over the past two decades. Our 
findings to date are summarized in Tables III-8, I1I-9, and 111-10 (see 
Appendix III-D for methods and complete data) . The data for N1H staff 
papers indicate a rapid trend toward multiple authorship. The same 
-!6™1 " evi^nt in the data for papers indexed in Index Medicus. but 
is not as well developed, — 

v J-OOU J J J.VJ1N 

Correlations of R & D Effort with Publications 

the .S'cSrniu SSSLSST 1,l"ca«d "y acknowledge™,*, In 
biomedical R&D support Tcomna ->°urnals closely reflects that of U.S 
support In Part B of Tablf 111-Twith ^rcen"Ses for Federal and for U 
and NIH .hown m colums (4) a'nd J"!J"™ 
was noted by Milton and Johnson (7) . However, "n^f £ HYg^h' 
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TABLE III-8 

DISTRIBUTION OF RATES OF "AUTHORSHIP"* 
(% of total authors with given rate of authorship) 

In NIH Staff Bibliographies 

Year Authorships/year 
Average 

authorship rate 
1 2 3 4 5 > 5 >10 

Average 
authorship rate 

1943 54 17 10 8 3 7 2 2.4 

1954 49 18 10 7 5 11 3 2.6 

1962 55 19 9 6 3 7 1 2,2 

In Index Medicus 

Year Authorships/year 
Average 

authorship rate 
1 2 3-4 5-7 8-10 >10 

1962 66 18 11 3 1 1 1.9 

Comparison of NIH Staff Bibliographies and Index Medicus 

Year Authorships/year 
Average 
authorship 

1 2 >2 >10 rate 
NIH IM NIH IM NIH IM NIH IM NIH IM 

1943 54 - - 17 -- 30 - - 2 2.4 

1954 49 - - 18 -- 36 3 2.6 

1962 55 66 19 18 26 15 1 1 2.2 1.9 

* Rate of authorship is defined as the number of papers written per man 
per year. See Appendix III-D for complete data and methods of calcula
tion. 
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TABLE I II  -9 

m -CTRTATTTT AM ATT STNTCLE AND MULTIPLE, AUTHORSHIP 

Papers in NIH Staff  Bibliography 

Number of  authors Average No. 
• 1 2 3 > 3 authors per  paper 

Year 

1939 59 27 11 3 1.6 

1943 55 25 16 4 1.7 

1952 43 25 20 11 2.0 

1962 34 30 20 16 2.2 

Papers in Index Medicus 

Number of  authors Average No. 
Year 1  2 3 >3 authors per  paper 

1957* 59 23 10 8 1.5 

1962 50 27 14 10 1.9 

See Appendix XXX-A for  compiete data and methods of  calculat ion* 

* !° r  Th iS  y e a r  f r°m  T a i n e» Seymour I . ,  The National  Library of 
Medicine Index Mechanizat ion Project ,  Bullet in of the Medical  Librar  
f f t>f  '  V <  4 9 '  N° '  1 $  P a r t  2» ^nuary 1961,  ent ire  ia .ue 
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Year 

1943 

1952 

1954 

1962 

TABLE 111-10 

PUBLICATION PRODUCTIVITY OF VARIOUS AUTHOR POPULATIONS 
(Total No. papers/total No. of authors) 

Mayo Cl inic  NIH Staff  Index Medlcus Physiologis ts  

(1950-1954) 1.8 

(1960-1962) 1.4 

1.4 

1.4 

1 . 0  

0.83 

1 . 0  

All  values  der ived from data  in  Appendixes  I I I -C and I I I -D,  except  that  
for  physiologis ts ,  which i s  based on Gerard,  R.  Mirror  to  Physiology;  
A Self-survey of  Physiological  Science.  Ann Arbor ,  Universi ty  of  
Michigan Press, 1958 

TABLE III-11 

CORRELATION OF R & D EFFORT AND INFORMATION OUTPUT 

A. 

U.S.  biomedical  R&D 
F e d e r a l  b i o m e d i c a l  R & D  
NIH R & D 

Growth Rates* 
for  Funds 

(1950-1960) 

0.38 
0.53 
1 . 0  

Growth Rates* "Correlat ion" 
for  Art ic les  Index** 

(1950-1960) 

0.03 0.08 
0.16 0.30 
0.25 (HEW) 0.25 

B. 

NIH R & D 
NIH int ramural  R&D 
N I H  e x t r a m u r a l  R & D  
NIH projects  

Growth Rates* 
for  Funds 

(1956-1959) 

0.65 
0.38_ 
0.88 
0. 58 J 

Growth Rates* "Correlat ion" 
for  Art ic les  Index** 

(1958-1961) 

0.40 
0.08 

0.49 

0 . 6 2  
0 . 2 1  
0.56 
0.84 

* Growth ra te  = v -  x ,  where y  = value for  las t  year  of  per iod,  x  = value 
xt  

for  f i rs t  year  per iod,  and t  = number of  years  in  per iod;  f rom Tables  
III-2, III-5, III-6, and III-7. 

**"Correlat ion" index -  growth ra te  for  ar t ic les  divided by growth ra te  
for  funds.  
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fac tors  ca lcula ted  for  the  

J h e  C ?aMe P ?^I-U 8 parfA)  " r i s  do^btfal whether  the  output growth 
factors derived from this sample accurately portray the growth of bio
medical  research l i te ra ture  in  genera l .  T w o  addi t ional  con.U.r . t lM.  
make th is  par t icular  compar ison of  e f for t  and out f i t  ty*"*! .  
during the period 1950-1960, R&D funds, manpower, and project# "«r« 
not increasing at a steady rate. Second, one would not expect that In
creases in effort would result immediately in increased output. A lag of 
2 years would be expected from the nature of project reaearch, from the 
known delay in publication, and from studies of the metabolism of bio
medical information (8). Additional evidence for a 2-year lag is afforded 
by our analysis of the references given in the NIH Research Grants Index 
for fiscal year 1962 (see Appendix III-A) . It is noteworthy that the 
sharp deceleration of the rate of expenditure of NIH & R & D funds that 
occurred in 1956 is followed in 1958 by a similar break In the growth 
ra te  of  NIH-suppor t -genera ted  papers .  

In  a t tempt ing to  es tabl ish  val id  corre la t ions ,  a period of relatively 
constant increase of R & D effort should be chosen and the R&D indexes 
for this period compared with output indexes for a period 2 years later. 
During the period from 1956 to 1959, NIH (and total U.S.) R&D expendi
tures were increasing at a fairly constant rate, and we have good figures 
for output during 1958-1961. The corresponding growth rates for these 
two periods are compared in Part B of Table ZIZ«U« Expenditures of 
funds increased much more rapidly than any of the output measures. How
ever, agreement between the increase in the number of projects and publi
cat ion output  was  qui te  c lose .  

One would  expect  tha t  output  would  be  re la ted  d i rec t ly  to  manpower. 
Unfortunately, calculating NIH-supported R&D manpower to compare with 
NIH-support-generated papers would necessitate questionable assumptions; 
however, the number of projects seems to be directly related to manpower. 
The average annual expenditure per NIH project [column (3), Table 111-51 
( q U | r a h l C  T T T  $1 tKe exPenditure Pe^ professional worker [column 

(between 1 .3  an5 t  STdurLg '^  Te' l  STSCT 
rel a t i o n ship  i s  found in  the  NIH Research r ranr i  a  c  T® C y p e  ° f  

1962.  where  the  average  number  of  references  eSred ?"  £ o r , f U " 1  

than 1 year is 1.4 (see Appendix III-A). Projects older 

Authorship  Rates  and "PuM ica t ion 

Cl in ic  Staf f  Members  (Table  III-10W papers to the total number of Mayo 
"publication Productivity' of on PyeS?ntS Wh8t the 
contras ted  wi th  Gerard ' s  va lue  (6)  which °  ° f  b i o m e d l c a l  workers, as 
- for  an physiologis ts  who 
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dif ference  i s  s imi lar  to  tha t  between b i r th  ra te  and parenthood ra te ,  ex
cept  tha t  papers  may have f rom one to  a  score  of  "parents ."  

We have ca lcula ted  both  authorship  ra tes  and publ ica t ion product iv i ty  
for  NIH in t ramural  s taf f  and Index Medicus  ( see  Tables  I I I -8  and I I I -10) ,  
taking as  our  base  only  the  ac t ive  authors  in  the  given popula t ion,  i . e . ,  
those  who publ ished something dur ing the  g iven year .  Gerard ' s  va lue  for  
authorship  ra te ,  on the  o ther  hand,  i s  based on a l l  members  of  the  given 
popula t ion.  The f igures  shown for  NIH s taf f  and Index Medicus  a re  some
what  h igher  than they would  be  i f  ca lcula ted  for  the  respect ive  to ta l  
popula t ions  of  a l l  NIH s taf f  and of  a l l  members  of  the  biomedical  com
muni ty .  To fac i l i ta te  compar ison,  Gerard ' s  da ta  have been conver ted  to  
a  1-year  bas is  and ca lcula ted  only  for  those  physiologis ts  who wrote  a t  
leas t  one  paper  in  the  3-year  per iod.  The d is t r ibut ion of  authorship  
ra tes  for  physiologis t  authors  in  1950-1952 then becomes:  

No.  papers  7„ o f  
per  year  physiologis ts  

1  or  2  64 
3  or  4  23 
more  than 4  12 

Average 
authorship  ra te :  1 .9  paper /yr .  

Comparable  f igures  for  NIH authors  are :  

No.  papers  % of  authors  
per  year  

1  or  2 
3  or  4  
more  than 4  

1943 1954 1962 

71 67 74 
18 17 15 
12 18 11 

Average authorship  
ra te  (papers /yr . )  2 .4  2 .6  2 .2  

In  1950,  papers  in  the  American Journal  of  Physiology carr ied  an  
average  of  2 .3  authors '  names.  I f  th is  f igure  i s  typical  of  the  physi 
ology l i te ra ture  for  1950-1952,  then the  publ ica t ion product iv i ty  of  
physiologis t  authors  in  the  ear ly  1950 's  i s  lower  than that  of  NIH au
thors  in  the  same per iod (see  Table  I I I -10) .  The publ ica t ion produc
t iv i ty  for  Mayo Cl in ic  Staf f  Members  i s  based on a  count  of  a l l  s taf f  
members ,  ra ther  than of  authors  only;  but  i t  i s  reasonable  to  assume that  
each s taf f  member  publ ished a t  leas t  one paper  dur ing the  3-  to  5-year  
per iods  for  which average  ra tes  of  authorship  were  ca lcula ted .  Therefore ,  
f igures  for  the  Mayo Cl in ic  are  roughly  comparable  to  those  for  NIH s taf f .  

From analyses  that  a re  proceeding,  i t  i s  apparent  tha t  publ ica t ion 
product iv i ty  var ies  wi th  the  re la t ive  "senior i ty"  of  the  popula t ion,  
a m o n g  o t h e r  f a c t o r s .  W e  h o p e  t o  s t u d y  o t h e r  t y p e s  o f  b i o m e d i c a l  R & D  
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populations, e.g. , ™dical 

R& D is about 1.4 p a p e r s/worker-year for the period 1950 

Implications for the Size of the Biomedical Literature 

Assuming that the entire biomedical R & D effort 
the same rate as projects supported by NIH funds, and that the blonedlcal 
literature as collected by the National Library of Medicine encomp.a.e. 
IZlTln the biomedical R 6, D output, thee the Identifiable direct out-
p u t  o f  t h e  U . S .  R & D  e f f o r t  i n  1 9 5 7  c a n  b e  e s t i m a t e d  f r o m  U . S .  R & D  
funds in 1955 to be about 32,000 articles. (The average paper «"PP«"d 
by NIH extramural funds and published in 1957 represented about $7,600 
expended for research in 1955). This output is about 60 percent of the 
54,000 articles Brodman & Taine estimated as comprising the total substan
tive" U.S. biomedical literature in 1957 (9). In 1961, the output of the 
U.S. biomedical R&D effort would be about 49,000 articles, estimated on 
the basis of a 1959 expenditure of $12,000 to produce one 1961 paper. 
Inasmuch as 94 percent of the articles published in the sample of 61 bio* 
medical journals for 1960 (see Table III-7) acknowledged "outside1, sup
port, which is presumably included in the figures we have for R&D ex
penditures, this estimate for 1961 biomedical R&D output probably rep
resents most of the primary records for that year if the assumptions are 
reasonably valid. 

These estimates for 1957 and 1961 may be compared with estimates 
based on extrapolated 1955 and 1959 manpower figures and a publication 
productivity of 1.4. The latter come to 32,000 papers for 1957 and 
52,000 for 1961. 

Staff Plans for Further Study 

As time and personnel limitations permit, we plan to refine our anal
yses of authorship rates and publication productivity and to extend our 
study to include the 1942 volumes of the Current List of Medical Litera
ture and annual staff bibliographies of various types of biomedical re-
search institutions (see the addendum to this paper). The aim will be 
to get a better idea of the changes that have occurred over the past 20 
years and to investigate the possibility, suggested by some lnco^>letely 
nalyzed data, that the publication productivity of biomedical research 
workers may be declining. 

CONCLUSIONS 

(1) The publication output of the biomedical R f. n „ 
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(3)  Each NIH-suppor ted  research projec t  genera tes  about  1 .4  publ i 
ca t ions  per  year  a f ter  the  projec t  has  run f rom 1  to  2 years .  

(4)  In  the  pas t  decade,  the  U.S.  popula t ion of  b iomedical  sc ient is ts  
produced about  1 .4  publ ica t ions  per  man-year .  

(5)  In  1957,  about  60 percent  of  U.S.  b iomedical  l i te ra ture  resul ted  
from the  formal  b iomedical  R&D effor t .  
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November 19, 1963 

Addendum to Staff Paper No. HI 

ADDITIONAL DATA 

Publications Generated by NIH Support 

After  the or iginal  Table  I I I -*  had been compiled,  us ing as  sources  
Lindsay and Allen 's  paper  (4)  and the NIH Research Grants  Indexes for  
f iscal  years  1961 and 1962,  we learned from NIH s taff  that  these sources  
had omit ted some publ icat ions.  Dr.  Erret t  C.  Albr i t ton,  Chief  of  Research 
Accomplishments ,  Divis ion of  Research Grants ,  suppl ied us  with revised 
f igures  on the number of  grantee publ icat ions ident i f ied in  the f i les  of  
the Divis ion of  Research Grants ,  and Mrs.  Lynda McGee,  Supervisory Scien
t i f ic  Reference Analyst ,  provided information on 861 grants  that  were not  
included in the 1962 index but generated 662 publications in 1961 and 889 
in  1962.  The corrected data  are  shown in  a  revised vers ion of  Table  I I I -6 .  

Further Analyses of Index Medicus 

To ascer ta in  t rends over  the past  two decades,  we analyzed the papers  
indexed during 1942 and 1952 by the predecessors  of  the  present  Index 
Medicus.  Every nth page of  the appropriate  sect ions of  these publ icat ions 
were tabulated in  the manner  descr ibed in  Appendix I I I -D.  These data  are  
given in  Tables  I I I -D-5 through III-D-8.  

TABLE I I I -D-5 

NUMBER OF AUTHORS PER PAPER IN 10 PERCENT SAMPLE 
OF 1942 QUARTERLY CUMULATIVE INDEX MEDICUS 

No.  of  
authors  No.  of  X of  

per  paper  papers  papers  

1  2,734 70 
2 833 22 
3  250 6 
4  60 2 
more than 4* 5  i  
Total  3 ,882 

1  

* 

Average no.  authors/paper  *  1 . 4  

aSori '  £ l r S t  a U t h° r 'S  M m a  1 8  ^ £° '  P*P*" having more than 4  

No.  of  papers  l is ted in  175 paees  fof  1A71\  
es t imate  of  number of  l i s ted in  10A9 n S a m p l l n» *®ctor  (9 .6)  -
Medicus = 37.300. '  ^  in 1942 Quarter ly  Cumulat ive Tnd»« 
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TABLE III-D-6 

NUMBER OF AUTHORS PER PAPER IN 5-PERCENT SAMPLE 
OF 1942 QUARTERLY CUMULATIVE INDEX MEDICUS 

No. of 
papers 

per author 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
23 

No. of 
authors 

1,524 
232 

61 
20 
8 
7 
4 
2 

11 

7» of 
authors 

82 
12 

3 

Total 1,863 

No. of authors listed in 83.5 pages (of 1671) x sampling factor (20) 
estimate of no. of authors listed in 1942 Quarterly Cumulative Index 
Medicus = 37,300. 
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Revised TABLE I II-6 

PAPERSGENERATED BY NIH-SUPPORTED RESEARCH 

Number of  Papers 

Year 

Generated by 
Extramural  

Research 

Generated by 
Intramural  

Research Total  

(D (2) (3)  

1957 4,070 1,160 5,230 

1958 4,795 1,329 6,124 

1959 7,035 1,599 8,634 

1960 11,742 1,616 13,358 

1961 12,965 1,634 14,599 

1962* 1,849 • - -

Data sources:  Column (1)  

Column (2)  

Data for  1957-1960,  Dr.  Erret t  C.  Albri t ton,  
Chief  of  Research Accomplishment®, Division 
of  Research Grants .  Figure for  1961 obtained 
by analysis  of  NIH Research Grants  Indexes for  
f iscal  years 1961 and 1962 (see Appendix 1II-A 
for  methods,  raw data,  and calculat ions)  and 
adding publicat ions omitted from 1962 index 
as  per  Mrs.  Lynda McGee,  Supervisory Scien
t i f ic  Reference Analyst  
Issues of the Annual  Staff  Bibliography of 

* snglven tln- - —— extr .- , r .X re»e a t c h  p r o g r M  ( s„ N I» 
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TABLE III-D-7 

NUMBER OF AUTHORS PER PAPER IN 5-PERCENT SAMPLE 
OF 1952 CURRENT LIST OF MEDICAL LITERATURE 

No. of  
papers  

% of 
papers 

62 

23 

10 

3 

1 

No. of  
authors  

per  paper  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total  4,441 

Average no.  authors/paper  — 1.6 

No. of  papers  l i s ted in  71.5 pages (of  1439) x sampling factor  (20) = 
est imate  of  no.  of  papers  l i^pci  in  1952 Current  Lis t  of  Medical  Li ter
ature = 89,000. 
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TABLE III-D-8 

NTTMBER OF PAPERS PER AUTHOR IN 10-PERCENT SAMPLE 
OF 1952 CURRENT LIST OF MEDICAL LITERATURE 

No. of 
papers 

per author 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

17 

Total 

No. of 
authors 

6,970 

1,449 

518 

219 

99 

38 

21 

12 

6 

5 

4 

1 } 
9,342 

7. of 
authors 

75 

16 

6 

No. of authors listed in 31 pages (of 311) x sampling factor (10) -

aturT=e93 4^! °£ aUth°rS ~ 1952 List of Medical Llu-r-

Refinement of Analysis of NIH Staff Bibliographies 

Individuals not employed by NIH are -inoi,.a A J I_ 
NIH staff bibliographies if m,/ ii v lncluded in the author index of 
papers. Because^of all puLir, WUh "W St*££ £" "£t£d« 
covered la the NIH bibliography the orlainal't'k'ilndlviduals u°uld 
and III-D-2) needed to be refined bv Tn ! tabulations (Tables III-D-] 
authors if exact comparisons were to "a££ <">d 

ulations for which the total publirai-- ^ & Wlth our data on other pop-
Mayo Clinic. Publication outputs were known, e.g., the 
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In  the t ime avai lable ,  i t  was possible  to  accomplish this  ref inement  
for  only 1  year .  In  the 1962 NIH bibl iography,  2 ,967 individuals  were 
l is ted in  the index,  which included both authors  of  papers  and a l l  other  
members  of  the  intramural  "professional"  s taff  (a  total  of  1 ,846 in  f is
cal  year  1963)  ,  whether  or  not  they had publ ished anything s ince the las t  
annual  b ibl iography.  Of 1 ,861 persons named as  authors ,  only 740 were 
a lso designated as  "professional"  s taff .  Sampling a  1963 NIH te lephone 
directory showed that ,  of  the  remaining 1,121 authors ,  about  370 were NIH 
employees who col laborated with members  of  the  "professional"  s taff  in  
wri t ing a  paper .  A rough check of  the 194 papers  in  the bibl iography for  
which none of  the authors  were ident i f ied as  "professional"  s taff  revealed 
that  for  most ,  i f  not  a l l ,  of  these papers  a t  least  one author  had been 
l is ted in  the 1960 or  1961 s taff  directory.  The remaining authors  (about  
500)  undoubtedly represent  col laborators  from other  inst i tut ions.  

The number of  papers  per  author  in  the 1962 bibl iography was re tab-
ulated only for  those authors  designated as  "professional"  s taff  (740)  
in  the same index.  The resul ts  are  given in  Table  I I I -D-9.  

TABLE I I I -D-9 

NUMBER OF PAPERS PER "PROFESSIONAL" STAFF AUTHOR 
IN 1962 NIH BIBLIOGRAPHY 

No.  of  
papers  per  

"professional"  
author  

No.  of  
authors  

1 of  
authors  

1 
2 
3 
4 
5 
6 
7 
8 

253 
168 

90 
79 
42 

35 
23 
12 
11 

6 

10 
12 
13 
14 
16 
17 
19 
23 
25 
36 

9 

15 

1 
1 
1 
1 
1 

Total  740 
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Publication Habits of Other Research Communities 

Attempts to find research institutions, and 
schools, that had compiled comprehensive annual s 
liographies over the last 10 to 20 years were uns 
time available. However, we obtained a suitable 
bibliographies from 1957 to 1961 for the Medical 
We tabulated these bibliographies in the same way 
liographies. The results are shown in Tables III 

particularly medical 
taff or faculty bib-
uccessful in the limited 
series of annual faculty 
College of Virginia, 
as the NIH staff bib-
D-10 and III-D-11. 

TABLE III-D-10 

NUMBER OF AUTHORS PER PAPER* LISTED IN BULLETIN 
OF THE MEDICAL COLLEGE OF VIRGINIA 

YEAR 
No. of 
authors 
perpaper 

1 
2 
3 
4 
5 
6 
7 
9 

19 

Totals 

Average 
number 
authors 
per paper 

1957 1958 1959 1960 1961 

334 

1 . 8  

% of No. of 
papers papers 

50 
30 
14 

2 

7a of No. of 
papers papers 

1 of No. of * of 
papers papers papers  

254 

1.9 

275 

2 . 0  

340 

2 . 0  

288 

2 . 0  

See note to Table III-D-11. 
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Correlations of R & D  Effort with Publications 

The corrected date on the number of 
NIH extramural program change the prev ous y "correlation" lndej( 

not significantly altered by the corrected data. 

DISCUSSION 

Incidence of Multiple Authorship 

The new data relating to the number of authors per paper supplement 
those previously obtained, and indicate a remarkable similarity in the 
rate of change in the incidence of multiple authorship of publications 
by NIH staff and by Index Medicus (IM) authors over the past 20 years. 
It would seem that the latter population lags about 10 years behind the 
former with regard to this trend toward multiple authorship. Since the 
majority of IM authors are foreign (9), perhaps this difference means 
that the U.S. biomedical community leads the trend and that, if figures 
were available for it alone, they would be closer to those for NIH. The 
faculty of the Medical College of Virginia falls somewhere between the 
NIH and the IM populations with regard to the incidence of multiple 
authorship. 

Authorship Rates and Publication. Productivity 

In Table III-12, the new data on authorship rates and publication 
productivity are combined with those we originally presented. In this 
table only the refined data on NIH intramural staff are Included. When 
possible the calculations are made on two bases: (1) only the active 
authors in the population (those who published at least one paper In the 
given year), and (2) all members of the population. 

... wh<fre serial data are available, a decrease in publication produc-

anv trend US®" ' ̂  the evidence is as yet inadequate to eatabllsh 
be explained ifarhUranCe* A decrease in Publication productivity might 
papers that carrv rhPr6SSUreS*t0 PUbUsh are bein* "tisfied by product* papers that carry the names of more and more authors It mi.hf -l«r, be ESS; » -szmS 
Publication habits of S t f ? data' *he analyse, of the 
separately the staff actively fneaaed i further "fined by considering 
should be carried out £=r and the., anal,... 

academic and research communities should be studied! «****••. °th" 
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rho volume of publications generated by the 
The corrected data on the vo lious estimate we made of the 

^i^lfKt^rpSbli^tior °?£ the ratio 

supportedtran agencies'°Sth pr'ate'and gove^ental, then this esti
mate based on NIH expenditures per publication is somewhat conservative 
because the average expenditure for the non-federal ly supported projects 
registered with SIE is less than that for NIH projects (see Table III-5). 
Correcting for this difference, however, requires additional assumptions 
that would increase the probability of significant error without commen

surate gain. 

Attempting to estimate the future volume of U.S. biomedical publica
tions requires that many variables be ignored, and the resulting figures 
should be recognized as having a considerably lower reliability than those 
made retrospectively. However, such attempts may be of some value if the 
major assumptions required are made explicit. With these reservations, 
we can offer estimates of 81,000 publications in 1965 and 108,000 In 1970, 
based on biomedical research manpower in terms of "professional workers" 
(1) and observed publication productivity. The major assumptions are: 
(1) that the manpower figures for past years are reasonably reliable, 
(2) that the goal for 1970 (77,000 professional workers) will be realised, 
(3) that the growth in manpower between 1960 and 1970 will be linear, 
(4) that a publication productivity of 1.4 is reasonable for the popula
tion of "professional workers" as defined, and (5) that this productivity 
factor remains constant. 

REFERENCES 

U.S. Public Health Service. Resources for Medical Research. Report 
No. 3. Washington, D.C., Government Printing Office, 1963. 

S S S ' m ! ' 3 2 3 3 U  

J?* —L-Session. Washington n r r ' 87th Congress, 1st 
Washington, D.C., Government Printing Office, 1961. 

Lindsay, D.R. and Allen E M MoH-iooi n 
Future Directions. Science 134 3AQ^ ooS*arCh.: Pa8t ^PP0"' 

— J495, 22 December 1961, 2017-2024. 

Shilling, Charles W. Support of 
in 100 Selected Biological Tom-n i ific Research as Acknowledged 
1962, entire Usee ^ 8-62, Jan. 

111-30 



6. Gerard, R. W. Mirror to Physiology; A Self-Survey of Physiological 
Science. Ann Arbor, University of Michigan Press, 1958. 

7. Milton, Helen S. and Johnson, Ellis A. Sponsorship of Research: A 
Survey of Scientific Literature, 1920-1960: Operations Research Office, 
The Johns Hopkins University, Technical Paper, ORO-TP-42. September 
1961. 28 p. 

8. Orr, Richard H. The Metabolism of New Scientific Information: A 
Preliminary Report. American Documentation 12, 1, 1961, 15-19. 

9. Brodman, Estelle and Taine, Seymour. Current Medical Literature: 
A Quantitative Survey of Articles and Journals, in Proceedings of 
the International Conference on Scientific Information, Washington, D.C., 
Nov. 16-21, 1958. Washington, D.C., National Academy of Sciences-
National Research Council, 1959, 435-447. 

See also data sources given in footnotes to tables. 

111-31 



APPENDIX III-A 

ANALYSIS OF NTH RESEARCH G R A N T  INDEXES, 
— "  n T c p a T  v t t a p s  1961 AND 1962 

Mprhods Used hv NTH Staff  M romplle  References Lis ted In  the Indexes 

in  compil ing the 1961 Index,  the NIH s t . f f  l is ted for e.ch .ctlv. 
grant all reprints o£ 1961 publications sent by grantees to the Division 
of Research Grants. The procedure for the 1962 Index differed slgnlfl-
cantly. All 1962 reprints sent to the Division of Research Grants by 
grantees were listed under the appropriate grant. In addition, the ad
ministrative progress reports on all active grants were reviewed for ref
erences to  1962 publ icat ions and any 1961 publ icat ions not l isted in the  
1961 Index.  

Analyses  Performed for  Present  Study 

Data  Tabulat ion.  Data  col lect ion from the 1961 Index was limited 
to a simple count of the total number of references listed for all grants 
(5,402 references). More extensive tabulations were performed on data 
from the 1962 Index. The section listing all grants by number included 
367 pages (pp. 815 through 1182). The number of references listed for 
each grant on p. 815 and every tenth page thereafter (37 pages in all) 
was tallied by first-year grants, second-year grants, third-year grants, 
etc. In addition, references to papers (or books) published in 1961 were 
separated from references to papers published in 1962 (see Table 111-A-l)-
The numbers of investigators having different numbers of grants were tal
lied from the section of the Index in which all principal and co-principsl 
investigators were listed alphabetically. All pages in that section were 
covered (see Table  I I I -A-2)  .  

Data Conversion for  Comparison with Figures  for  Previous Years .  Al-
2°h£1 the method used by the NIH s taff  in  compil ing the references l is ted 
their  s tudv theV35 ** that emPloyed by Lindsay and Allen in 
their  s tudy,  the Divis ion of  Research Grants  had not  yet received all 

repr ints  Id l  ""  ^"be 
the 1^2 Mei .  For  the a f» l t l°  1 9 6 1  "«e Included In 
1962 Index do not  represent  a l p u b l i c a t i o n s  l i 8 t e d  l n  ** 
arrive at a  f igure for  1961 or* n  9 6 2  Papers  wri t ten by grantees .  To 
for  1957-1960,  we to ta led the 19b^ 3  u,W U h  t h o s e  o f  Lindsay and Allen 
and 1962 Indexes.  Publ icat ions l is ted in  both the 1961 

Lindsay and Allen expressed the bel ief  t-u v.  
papers  generated by NIH extramural  5 their  counts  of  the 
We have,  therefore ,  corrected the f r e S e a r c h  W e r e  about  10 percent  too 1<*-
papers  generated ^  the extrLura!  f° r  1 9 5 7 '  1 9 5 8  •  l 9* 9 .  «"* 1 9 6 0  

would be comparable  with the f igure l°  p e r c e n t» «° that  they 
a  more complete  search for  grantees '  publ ic  t P a p e r s '  w h i ch resul ted froa 
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43 Journal of Investigative Dermatology 
44. Journal of Morphology 
45. Journal of Nutrition (The) 
46. Journal of Parasitology Therapeutics 
47. Journal pf Pharmacology and Experimental Therapeuti 
48. Journal of Abnormal and Social Psychology 
49. American Dietetic Association Journal K.^nflfic Edition) 
50. American Pharmaceutical Association Journal (Scientific Edition) 

(now the Journal of Pharmaceutical Science) 
51. American Veterinary Medical Association Journal 
52. Biological Photographic Association Journal 
53. Human Biology 
54. American Journal of Digestive Diseases 
55. Physiological Reviews 
56. Proceedings of the Society for Experimental Biology and Medicine 
57. Quarterly Review of Biology (The) 
58. Radiology 
59. Stain Technology 
60. Journal of the American Medical Association 
61. Yale Journal of Biology and Medicine (The) 
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APPENDIX I I I -C 

MANUSCRIPTS AND PAPERS OF MAYO CLINIC STAFF MEMBERS ,  1950-1962 

Tota l  no .  o f  Manuscr ip t  pages*  Papers**  
S ta f f  Members  Tota l  Rat io  of  Tota l  Ra t io  of  

Year  (1)  (2)  (2)  to  (1)  (3)  (3 )  to  (1)  

1950  292  21 ,144  72 .4  691  2 .4  
1951 314  19 ,461  62 .0  630  2 .0  
1952 333  21 ,920  65 .8  462  1 .4  
1953 329  22 ,922  69 .7  564  1 .7  
1954 336  22 ,634  67 .4  603  1 .8  

Average ,  
1 .8  1950-54  321  21 ,616  67 .3  590  1 .8  

1955 334  20 ,025  60 ,0  413  1 .5  
1956 347  20 ,109  58 .0  511  1 .5  
1957 353  25 ,240  71 .5  611  1 .8  
1958 351  23 ,574  67 .2  483  1 .4  
1959 350  23 ,615  67 .5  395  1 .1  

Average ,  
483  1955-59  347  22 ,513  64 .9  483  1 .4  

1960 365  26 ,300  72 .1  646  1 .8  

1961 385  24 ,300  63 .1  427  1 .1  

1962 396  24 ,097  60 .9  561  1 .4  

Average ,  
65 .2  545  1960-62  382  24 ,899  65 .2  545  1 .4  

Average ,  
66 .0  538  1950-62  345  22 ,719  66 .0  538  1 .  6  

*  Both  wi th  and  wi thout  co l labora t ion  be tween  s ta f f  members  and  fe l lows .  
Inc luded  in  these  f igures ,  in  addi t ion  to  manuscr ip t  pages  fo r  sc ien
t i f i c  a r t ic les  or  papers ,  a re  book manuscr ip t s  (probably  25  to  40  
percent  of  the  to ta l  pages) ,  ed i to r ia l  mat te r ,  book rev iews ,  abs t rac t s  
of  o ra l  repor t s  for  meet ing  programs,  and  tab les  used  for  the  pro
duc t ion  of  s l ides .  Therefore ,  the  number  o f  manuscr ip t  pages  cannot  
be  compared  d i rec t ly  wi th  the  number  o f  publ i shed  papers .  

^Number  o f  a r t i c les  publ i shed  in  the  Proceedings  of  the  Mayo Cl in ic  
p lus  those  publ i shed  e l sewhere  and  l i s ted  in  tha t  journa l .  A var iab le  
de lay  in  l i s t ing  publ ica t ions  of  s ta f f  members  accounts  fo r  some of  
the  year - to-year  var ia t ion .  

Data  source :  fo r  number  o f  s ta f f  members  and  manuscr ip t  pages ,  
Dr .  Car l  M.  Gambi l l ,  Mayo Cl in ic .  
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APPENDIX III-D 

ANALYSES OF NIH STAFF BIBLIOGRAPHIES 
AND 1962 INDEX MEDICUS 

A. Analysis of Annual NIH Staff Bibliographies 

The general procedure was to tally the number of authors for each 
paper (Table III-D-1) and, if an author index was included, to tally 
the number of papers listed for each author (Table III-D-2). An author 
index was first included in the 1954 bibliography. For the 1943 bibli
ography, we made an author index to facilitate tallying the number of 
papers listed for each author. 

TABLE III-D-1 

NUMBER OF AUTHORS PER PAPER IN ANNUAL NIH STAFF BIBLIOGRAPHIES* 

No. of No. of Papers 

authors 
per paper 

YEAR authors 
per paper 1939 1943 1952(FY) 1962 

1 218 212 447 663 
2 99 95 258 563 
3 40 62 207 369 
4 6 12 82 183 
5 1 3 21 67 6 
*7 

2 1 11 20 7 
8 
9 

1 — 

1 3 
5 

10 1 
Indeterminate** 7 17 24 

1 
o y 

Totals 374 402 1,051 1,884 

* ... 

** A committee report or naDers 
r papers where some authors given a. »«t .1." 
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TABLE III-D-2 

NUMBER OF PAPERS PER AUTHOR IN ANNUAL NIH STAFF BIBLIOGRAPHIES 

No. of 
papers 

No. of authors No. of 
papers YEAR 

per author 1943 1954* 1962 

1 148 517 1,026 
2 47 193 362 
3 29 107 167 
4 21 74 111 
5 8 50 60 
6 6 25 44 
7 3 24 37 
8 3 16 15 
9 7 12 

10 2 11 13 
11 2 7 
12 2 3 4 
13 8 2 
14 2 1 
15 1 
16 1 1 2 
17 2 1 
18 2 
19 1 
20 1 
21 1 
22 1 
23 1 1 
25 1 
36 1 

Totals 274 1,052 1,861 

A total of 1,449 papers were listed in this bibliography; the number 
of authors for 27 of the papers was indeterminate. 
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B. Analysis of 1962 Index Medicus 

Using the author index of the cumulated issues for 1962 the proce
dure wasto tally the number of authors for each paper and the number .1 
dure was c y , The first page and every tenth page there-papers listed for an author. ine rir&i- . ... . t too 

fter were tallied in this manner for a total of 170 of the 1699 pages a 
in the author index. 

TABLE III-D-3 

NUMBER OF AUTHORS PER PAPER IN 10-PERCENT 
SAMPLE OF 1962 INDEX MEDICUS 

No. of 
authors No. of X of 
per paper papers papers 

1 7,110 50 

2 3,824 27 

3 1,996 14 

4 836 6 

5 306 2 

6 112 1 

7 
55~\ 

8 27 1 

9 19 Y 
1 

10 J 
Total 14,293 

No. of papers listed in 170 paees X <==, u 

143.000 
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TABLE I I I -D-4 

NUMBER OF PAPERS PER AUTHOR IN 10-PERCENT 
SAMPLE OF 1962 INDEX MEDICUS 

No.  of  
papers  No.  of  % of  

per  author  authors  authors  

1  9,190 66 

2  2 ,537 18 

3  or  4  1 ,526 11 

5  to  7 467 3  

8  to  10 172 1  

11 to  20 83"  } 
more than 20 8  

Tota l  13,983 

No.  of  authors  l i s ted  in  170 pages  x  sampl ing fac tor  (10)  =  es t imate  of  
to ta l  number  of  authors  l i s ted  in  1962 Index Medicus  = 140,000.  

Calcula t ions  wi th  Data  f rom NIH Bibl iographies  and Index Medicus  

(No.  authors  wi th  one paper)  +  (no.  authors  wi th  2 papers  x  2)  +  (no.  
authors  wi th  3  papers  x  3) ,  e tc .  - r  to ta l  no.  of  authors  average  
ra te  of  authorship .  

(No.  papers  wi th  1  author)  +  (no.  papers  wi th  2  authors  x  2) '+  (no.  papers  
wi th  3  authors  x  3) ,  e tc .  -4-  to ta l  no.  of  papers  = average  no.  
authors /paper .  

Tota l  no.  o£  papers  produced by the  author  popula t ion j  tota l  no.  of  
authors  in  the  popula t ion -  "publ ica t ion product iv i ty .  
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June 11, 1963 
(Major revisions December 1963) 

NAS-NRC Study of  Communicat ion Problems in Biomedical Research 

Staff  Paper  No.  IV 

TRENDS IN ORAL COMMUNICATION* 

INTRODUCTION 

Scient is ts '  Views on Oral  Communicat ion 

Cries  of  " too many meet ings"  are  of ten heard from scientists today, 
although this complaint is perhaps not as frequent as that of "too many 
papers." Criticism of duplication among meetings is also common. Astutt 
observers of the scientific scene view some trends in oral conmunlcatlon 
with emotions ranging from concern to enthusiasm. In a recent editorial 
Abelson (1)  remarked;  

T h e  a n n u a l  round of  spr ing meet ings reminds us that 
those great national gatherings are losing their effectiveness 

media for  sc ient i f ic  communicat ion.  At  the  recent  Arlanrlr  
City meeting of the Federation of American Zci.Hl f 

2ST34 t h e r e  W 6 r e  3 1 3 8  p a p e"  Presented a^  . f  s - v . c o ^ * " b u  
attendance on snch occasions oan'be fcostcftl^ MTS!" °' 
numerous papers of interest but discovers ! «">"• 
tractive presentations are being ^11 "y °f th* "" 
often the harassed scientistcl V°nCUrrently- AH t<>0 

goes all of the choices u ^ "P * 011,1(1 and £or«* 
scientists to eV" enC~"«* 
after meeting. it i * same lecture at meet ins 
effort to hear a paper bnlJ t2 C° °*ke * *P«cl«l 
Peat ing,  a lmost  verbat im,  mater ia l  he h '  ^  S p e a k e r  r«* 

l  he has  presented earlier." 
Brookes (2), in looking afc the 8clen 

j( COn*nunication system, coimntei: 

confar°Und the m°un^al^e°fCpape^SbviS beginnin8 to ££«i his 
conference3 at which he can meet d* °rganizin8 nwre and .ore 
most concerns him and thus Pfrs°nally those whose work 

formal 8c hannelsm that^ 1are emost^st i jmjiat  ing^f  

he detects Sella P r l c e  ( J ) #  ^  ̂ ̂  

new TOSt302S^S5!r22gf hUnaQ *««ineer-
Publication or publication referent 8r°UPS COnP°Sed 
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of  our  maximal  100 col leagues . . . .  Probably  dur ing World  War  11, 
pressure  of  c i rcumstances  forced us  to  form such knots  of  men 
and keep them locked away in  in teract ing seclus ion.  We gave 
them a  fore tas te  of  urgent  col labora t ion in  nuclear  physics ,  
and again  in  radar .  These  groups  are  s t i l l  wi th  us . . . .  The 
organizat ion i s  not  perfec t ;  a  few of  the  bes t  men may not  
a t tend,  a  few of  those  who do a t tend might  not  qual i fy  i f  we 
had perfec t  object ive  judgment . . . .  But  there  i s  a  l imi t  to  
the  useful  s ize ,  and,  i f  too  many a re  invi ted ,  an  unoff ic ia l  
subgroup of  rea l ly  knowledgeable  members  wi l l  be  forced in to  
being. . . .  S imi lar  unoff ic ia l  organizat ions  exis t  in  molecular  
b io logy,  in  computer  theory ,  in  radio  as t ronomy,  and doubt less  
in  a l l  sc iences  wi th  tens  of  thousands  of  par t ic ipants .  By our  
theory  they are  inevi table ,  and not  jus t  a  product  of  the  war  
or  the  specia l  character  of  each d isc ip l ine .  Conferences  a re  
jus t  one  symptom;  i t  becomes insuff ic ient  to  meet  as  a  body 
every  year ,  and there  i s  a  need for  a  more  cont inuous  means  of  
c lose  contact  wi th  the  group of  a  hundred. . . .  And so  these  
groups  devise  mechanisms for  day- to-day communicat ion. . . .  Such 
groups  const i tu te  an  invis ib le  col lege ,  in  the  same sense  as  
d id  those  f i r s t  unoff ic ia l  p ioneers  who la ter  banded together  
to  found the  Royal  Socie ty  in  1660. . . .  Such groups  are  to  be  
encouraged,  for  they g ive  s ta tus  pay-off  wi thout  increas ing the  
papers  tha t  would  o therwise  be  wri t ten  to  th is  end."  

Hypotheses  

Other  thoughtful  s ta tements  on ora l  communicat ion could  be  c i ted ,  
but  these  i l lus t ra te  the  main  schools  of  thought .  Taken together ,  sc i 
ent is ts '  opinions  on changes  in  ora l  communicat ion suggest  a  number  of  
of ten  conf l ic t ing  hypotheses  tha t  mer i t  objec t ive  tes t ing  because ,  i f  
t rue ,  they have consequent ia l  impl ica t ions  for  sc ient i f ic  progress  and 
for  e f for ts  to  improve the  funct ioning of  the  sc ient i f ic  informat ion 
complex.  Some of  the  more  impor tant  of  these  hypotheses  a re :  (1)  tha t  
the  wr i t ten  record  i s  being bypassed and re legated  to  a  la rgely  archival  
funct ion,  (2)  tha t  sc ient is ts  are  spending re la t ive ly  more  of  the i r  t ime 
in  ora l  communicat ion,  and (3)  tha t  meet ings  a re  becoming less  ef fec t ive  
and may const i tu te  a  ser ious  waste  of  sc ient i f ic  manpower ,  par t icular ly  
of  senior  sc ient is ts .  

Diff icu l t ies  of  Research  in  Ora l  Communica t ion  

Despi te  the  impl ica t ions  of  the  perceived t rends  and the  genera l  
recogni t ion  of  the  impor tance  of  ora l  communicat ion to  sc ient is ts ,  s tudies  
and development  projec ts  devoted to  the  workings  of  th is  subsystem of  the  
sc ient i f ic  informat ion complex have been few,  compared wi th  those  a imed 
a t  solving " the  l i te ra ture  problem."  Nor  have impor tant  ques t ions  con
cerning the  re la t ion  of  ora l  communicat ion to  the  sc ient i f ic  "cord  been 
examined more  than cursor i ly ,  e .g . ,  what  a re  the  re la t ive  advantages  of  
ora l  and wr i t ten  communicat ion for  d i f ferent  purposes ,  and how ef f ic ient ly  
i s  ora l ly  repor ted  informat ion t ransformed in to  permanent  records?  
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A s  a  subject  fo t  s tudy,  ora l  
cut ty  not  shared wi th  "  -f^^ 'HoLnts ,  which lend thems. l ,« .  
e ra l ly  lacks  concre te  a  t  '  m e a sures  of  the  funct ions ,  processes, 
to  object ive  t rea tment .  For  d i rec t  measures  or  n  observe or 
and ac t iv i t ies  of  ora l  communicat ion,  one  mu t ,  > .  . .  
quest ion representa t ive  samples  o£ sc ient is ts .  The c  '  
is  common to  a l l  s tudy of  sc ient i f ic  communicat ion.  the  lack of a  prac 
t ica l ,  widely  accepted method of  measur ing the  ef fec t iveness  of a commmi-
catio; activity or service in terms of its contribution to research pro
ductivity. This lack of suitable methodology rules out, for the present, 
any definitive test of the third hypothesis. The first two could be 
tested by known techniques, but to do this for the biomedical community 
with  acceptable  r igor  wi l l  require  major  projec ts .  

Purpose  and Limita t ions  of  This  Study 

Al though def in i t ive  tes ts  of  any of  the  6 ta ted  hypotheses wera not 
feasible with the resources and time available, we collected data on se
lected aspects of oral communication among biomedical scientists in the 
hope of providing some perspective for a general consideration of com
munication problems in biomedical research. Our inquiry was confined 
largely to "formal" oral communication (see below) and employed relatively 
crude, indirect measures, e.g., using travel expenditures as a measure of 
scientists' participation in meetings. The aim of this paper is to sum
marize our findings and to identify areas for future studies. 

Defini t ions  

In  th is  paper ,  ora l  communicat ion i s  c lass i f ied  as "formal" or "in
formal ; the formal type consists of the structured exchanges at events 
planned for oral communication by societies, groups, and committees, and 
the informal consists of all unstructured exchanges and "shop-talk." 
Events planned for oral communication fall into two categories: (1) 
regular meetings convened periodically on a continuing basis, and (2) 

meet ings  convened on a  one- t ime or  shor t - term basis. Events in 
either category may be "open" (unrestricted attendance) or "closed" 
vSSIniTn? Informal  ora l  complet ion can be i l -
remote  n  exchanges  wi th  col leagues ,  e i ther  local  or  
remote ,  and ( .2)  te lephone conversa t ions .  

METHODS AND SOURCES 

?^o^e®®^° n ^ r ® 0 ^°®ties e and r government e agencies a l S The^sou° , n  

»^meet ings"were  t lZZ'oTy "Hls ted  in ternat^n. l^e t -

character^° n a l "  °*  "  ̂  t i t l e S  c l e a r l y ^Ic  
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FINDINGS AND DISCUSSION 

Regular  Meet ings  of  U.S.  Biomedical  Societ ies  

U.S.  b iomedical  societ ies  exist ing in  1961 and the  number of  regular  
meet ings  held by each are  l i s ted in  Appendix IV-A.  Data on the  increase  
in  the  numbers  of  societ ies  and their  meet ings  are  summarized in  Fig .  IV-1.  
The cr i ter ia  used for  c lass i fy ing a society  as  "biomedical" excluded some 
societ ies  that  have meet ings  at  which biomedical  research i s  presented 
(e .g . ,  the  American Heart  Associat ion and American Cancer Society ,  both 
of  which have lay  members)  .  Although the source  used for  these  data i s  
probably reasonably comprehensive  for  wel l  organized societ ies ,  in  view 
of  the  inherent  d i f f icult ies  in  making such a  compilat ion i t  i s  probable  
that  some organizat ions  are  omitted,  part icularly  the  re lat ively  informal  
ones .  The rather  regular  a l ternat ion of  plateaus  with growth spurts  in  
Fig .  IV-1 may wel l  be  art i f ic ia l ly  produced by the  procedures  used in  
preparing success ive  edit ions  of  this  compilat ion.  

In the  last  three  decades ,  the  total  number of  regular  meet ings  has  
tr ipled.  The rate  of  increase  apparent ly  accelerated some t ime in  the 
1940's .  Inasmuch as  the  average number of  meet ings  per  society  of  a  given 
type has  changed l i t t le  during this  period,  the  increase  in  meet ings  can be 
considered as  secondary to  the  prol i ferat ion of  societ ies .  State  and local  
societ ies  typical ly  hold more meet ings  than nat ional  or  regional  organi
zat ions  (an average of  4 .2 /society  in  1962,  vs .  1 .6  for  nat ional  or  re
gional  organizat ions)  and accounted for  about  four-f i f ths  of  the  regular  
meet ings  in  1961,  a  larger  proport ion than in  1948 or  earl ier .  This  
change can be attr ibuted to  the  faster  growth in  the  number of  s tate  and 
local  societ ies .  

Announcement of  Meetings 

Services .  One of  the  more common ways  in  which sc ient is ts  learn of  
services .  uu ,  h  l d  b y  their  own societ ies ,  i s  

forthcoming ^et ings  other than t  customari ly  read or  compiled 
through l i s ts  publ ished h Ss funct ion.  Such l i s ts  con-
by act iv i t ies  set  up speci f ical ly  Q f  t h e  journal  announce-
s t i tute  an announcement  n f  f h p  A m e r i c a n Med ical  Associat ion 
ment  services ,  Science and the  m e e t l n g s .  A second 
publ ish the  most  comprehensive  t h e  f o l l o w i n g  (among the  more wide-
type of  announcement  b i o m e d ical  community):  Scient i f ic  Meet ings ,  
ly  avai lable  and useful  to  the  ^-Technology Divis ion ( f irst  issue:  
Special  Libraries  Associat ion,  Sc  MeetingS off ice  of  the  Surgeon Gen-
1 9 5 7 >;  18-Month Calendar of  N a M O "* 1 9 5 8 ) ;  and World List  of  
eral ,  U.S.  Publ ic  H ® a * t h  ® ^  1 #  S c i e n C e ,  technology,  agriculture ,  
Future Internat ional  Meet ings ,  , f J r s t  i ssue-  1959) .  
medicine ,  U.S.  Library of  Congress  ( f irst  i ssue.  J 

,  „  nf  service  depends chief ly  on the  ef f ic iency of  
The journal  type of  servi  i n  s e n d ing not ices  to  editors .  

meet ing organizers  or  socie  y  o n  s c a n n i n g large numbers  of  jour-
The special  services  must  re ly  b  y  a c h i e v ed by e i ther  type of  service ,  
nals  for  meet ing not ices .  i  ini t iat ive  of  the  sponsors  of  meet ings ,  
therefore ,  u l t imately  rests  on the  

IV-4 



IV-5 



Number and Character of Meetings Announced. The number of different 
biomedical meetings held in 1956 and 1962 that were listed by a combina
tion of major services are shown in Fig. IV-2*. In making this tabulation, 
marked overlapping of coverage by the services was observed, as would be 
expected. Not shown in Fig. IV-2 is the breakdown for ad hoc vs. regular 
meetings. In 1956, 32 (7 percent) of the total of 446 meetings listed 
were of the ad hoc variety, and in 1962, 98 (16 percent) of the total of 
628. Of all 1956 meetings listed, 77 percent were held in the U.S. or 
Canada, compared with 65 percent in 1962. 

Completeness of Combined Coverage. A rough idea of the completeness 
of coverage provided by this combination of services can be obtained by 
comparing the number of meetings in the U.S. and Canada that were announced 
in 1962 (408) with the number of regular meetings held by U.S. biomedical 
societies in 1961 (1500, Fig. IV-1). A reasonable assumption is that the 
majority of meetings announced by these services were those of national, 
regional, and state societies, rather than of local organizations. This 
comparison does not take into account the number of ad hoc meetings an
nounced by these services but not included in the data for Fig. IV-1. 
Considering the extensive and lengthy preparation and planning usual for 
international meetings, it seems probable that the announcement services 
receive notices of them and that such meetings are well covered. Similar 
reasoning does not answer the question of whether ad hoc meetings are 
likely to be covered more or less completely than regular meetings. 

Coverage of Individual Services. The number of meetings announced 
by any given service depends on the number about which it is informed and 
on its selectivity. Table IV-1 gives the total number of U.S. and Canadian 
biomedical meetings announced by each of the two most comprehensive jour
nal services and by the 18-Month Calendar of National Meetings. The 
Journal of the American Medical Association listed the largest number of 
1961 meetings, but this number was only about one-sixth that of the regu
lar meetings of U.S. biomedical societies alone (Fig. IV-1). Table IV-2 
shows the international meetings announced in Science and in the World 
List of Future International Meetings and its predecessor, the List o_ 

•Sources for Data Shown in Fig. IV-2 

For 1956 Meetings: Science, Dec. 2, 1955, thru Dec 21 1956; Journal of 
American Medical Association, Jan. 7, 14, 21, JFeb. 25, March 124,.April 28, 
May 26 June 30, July 28, Aug. 25, Sept. 29, Oct. 27, Nov. 24 and Dec. 8, 
1956; International Associations, Jan. thru Dec. 1956; List of interna
tional Conferences and Meetings, Oct. 1, 1955, April 1, 1956, July 1, 
1956, Oct. 1, 1956. 

For 1962 Meetings: Science, Oct. 1961, thru Dec. 1962; International 
Conaress Calendar, 1962 Edition; World List of Future International Mee 
"wf—Part i Oct. 1961,Jan., March, May, July, Sept., and Nov. 1962, 
Scientific Meetings, Science Technology Div., Special Library Assoc., 
Oct 1961 Jan feril, and Oct. 1962; Journal of the American Medical Oct. 1961, J , P Feb> 24 Mar< 24j Apr> 28) 
Association, Oct. z», Nov. zo, ^ ^ 1Q<.0 
May 26, June 23, July 28, Aug. 25, Sept. 29, and Oct. 27, 1962. 
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TABLE IV-1 

U. S. AND CANADIAN BIOMEDICAL MEETINGS LISTED BY SCIENCE, 
JAMA, and USPHJ5 CALENDAR OF MEETINGS 

Science* JAMA** USPHS Calendar+ 

Year No. 

Aver. 
Length, 
days No. 

Aver. 
Length, 
days No. 

Aver. 
Length, 
days 

1951 200 2*6 

1956 80 4.1 212 3.2 

1957 94 3.5 

1958 72 3.6 94 3.7 

1959 145 3.5 128 3.8 

1960 165 3.7 95 3.4 

1961 127 3.7 241 3.2 151 3.9 

* Counts include meetings of societies listed in Appendix 
IV-A and other meetings whose subjects or sponsors in
dicated a likelihood that biomedical research was re

ported. „ , . _. 
** Journal of the American Medical Association 
f 18-Month Calendar of National Meetings, Office of the 
Surgeon General, USPHS. 
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TABLE IV-2 

INTERNATIONAL BIOMEDICAL MEETINGS LISTED BY SCIENCE 

Science NSF and Library of Congress Services* 

Year 
No. held in 
U. So & Can. 

No. held 
elsewhere Total 

No. held in 
U.S. & Can. 

No. held 
elsewhere 

A v. Length, 
Total days 

1954 - - - - - - 15 60 75 5.4 

1955 - - - - - - - - - - — 

1956 11 27 37 — — - -

1957 10 37 47 14 87 101 4.7 

1958 10 29 39 — — - -

1959 10 34 44 - - - - .. 
1960 15 65 80 27 138 165 5.1 

1961 15 65 80 - - -  m  m m  m m  

1962 17 103 120 

1963 
154 171 5.4 

c!l4Meetin^ issues^datef Ucb 

1 January, 1 April, 1 july, i 0ctoW iqK ' July» 1 October, 1954, 
1960 and 1963 from World List of*,,*.' ! National Science Foundation 
ing January 1960 to TgT~ -£HEg._Interna tiona 1 Meeting, issue co 
April, and May 1963, Library of Congress!"" °f December 1962• February, 
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International and Foreign Scientific and Technical Meetings. Both serv
ices show a definite increase over the past decade in the number of inter
national meetings listed. Science shows the larger relative increase, but 
the number announced in the World List more closely approximates the total 
numbers (86 for 1956 and 187 for 1962) listed by the combination of serv
ices depicted in Fig. IV-2. 

Increase in Number of Meetings Announced. The number of all types 
of meetings announced by the combination of services (Fig. IV-2) increased 
by 41 percent in the 6-year period, 1956-1962, whereas announcements of 
international meetings increased by 117 percent and of ad hoc meetings, 
by 206 percent. That more meetings are being announced by these services 
does not necessarily mean that the number of meetings held is increasing. 
However, the much larger increases in ad hoc and international meetings 
would seem to reflect an actual change in the frequency of these types of 
meetings, rather than simply more complete coverage by the announcement 
services. 

Distribution of Meetings Throughout the Year 

The data on "all meetings" in Fig. IV-2 illustrate the well known 
bunching of meetings in the spring and fall and demonstrate the stability 
of this bimodal pattern. The picture for international meetings is some
what different. In 1956, the familiar bimodal pattern is seen, but in 
1962 there would seem to be a tendency to fill in the summer. The distri
bution of ad hoc meetings (not shown in Fig. IV-2) suggests the same phe
nomenon. Whereas in 1956 fewer than 3 percent of the meetings in July 
and August were of the ad hoc variety, in 1961 the ratio approached 30 

percent. 

Place of Meetings 

Most of the meetings shown in Fig. IV-2 as "held elsewhere" (i.e., 
outside the U.S. and Canada) are international meetings. The remainder 
are largely meetings of foreign national groups. Announcements of such 
meetings by U.S. services are undoubtedly very incomplete. 

Length of Meetings 

£? -«1TY_ED 

CJ. XaM. IV-2). 

There are no definite trends toward longer or shorter meeting . 

Meetings of Selected Societies 

, ,,, fnr Experimental Biology (FASEB). 
FnH.r1t on nf African SocieMe. ^ nu]||ber % ̂apers' 

Fig. IV-3 illustrates t KASEB (Appendix IV-B contains more 
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f r the entire period, 1942-1963, 
averaged 2.7 to 5 . 3  atteodant. per paper meting appear, to have 
and 4.0 to 5.3 for "57-1963. The g o£ pap„6 glv<!n> the average 
accelerated around 1957.* Meas" ,049-1957 was 0.06 per year; i.e., [.(00. 
annual growth rate for the P^iod w 1957-1963 it was 0.10 per year, 
papers 1957^/(no. papers 1949)-y/8- *or 

Federation for rllnl..! Research^, 
national and regional meetings. Data on ^ ̂ ppfendix jy-C. Pig-
papers submitted, and papers given . f paper6 submitted for possible 
„re XV-4 summarises the data on the number of paper, su 
presentation at the national meeting and at all meeting, I »- p 
regional). The AFCR has restricted the number of pap g 
thin FASEB. For the period 1955-1962, the a.verJ8* Jt""6|or 
AFCR meetings in terms of papers submitted was fa r y ' f 
the national meeting and 0.22 for all meetings. The meetings of AFCR are 
held in conjunction with corresponding meetings of the American Society 
for Clinical Investigation. The two societies have made various agree
ments over the years that affect the number of papers presented at AFCR 
meetings and may explain the growth irregularities. Attendance fl8^e* 
are available only for the national meeting and show no obvious trend in 
the past few years. 

American Medical Association (AMA). By comparison with the prevloji 
societies, which are exclusively research-oriented, the number of papers 
given at annual meetings of the specialty sections of the AMA has increased 
slowly. From 1956 to 1961, the average annual growth rate was 0.05.** 

Correlation of Meeting Growth and Biomedical Research Manpower 

The growth of FASEB and AFCR meetings approaches that of U.S. bio
medical research manpower (see Table IV-3 for FASEB data). Both these 
meetings serve broad segments of the biomedical research commanlty. The 
acceleration in the growth of FASEB meetings around 1957 correlates well 
with the acceleration in the rate of expenditures for biomedical research 
and development in 1956 (4). 

Closed Meetings 

Closed meetings are not usually listed by the announcement services, 
and it was not feasible to collect data reflecting the total number of 
such meetings. However, if one includes certain types of cosaalttee activ
ities and other events (such as sessions of NIH study sections) at which 
substantive biomedical information is exchanged, the total number of 
opeael™S°fS ^ Pt°b*bly °£ tl>e °'d« °£ "SSnltud. a. that «f 

Travel 

expenditures, "official" trave! by scientists Is clo.ely 

* the sharp dip for 1955 occurred when the meeting was held In •— 
Francisco rather than Atlantic City 

**Data source-- Journal of the hnerlc,; Medin.l a.. 

assuc ioitu 
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Fig. IV-3. Annual Meetings of the Federation of American 
Societies for Experimental Biology 

No. papers 
3400 

16,000 3200 

15,000 3000 

14,000 2800 
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Source: FASEB Records (See Appendix IV-B for additional data) 
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Fig. IV-4. Number of Papers Submitted for Meetings o: 
American Federation for Clinical Research 

No. papers 
Submitted 
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TABLE IV-3 

GROWTH OF FASEB MEETINGS VS. GROWTH 
OF BIOMEDICAL RESEARCH MANPOWER 

FASEB Meetings U. S. Biomed. R&D Manpower 
Year Attendance Papers Total Full-Time Equivalents 

1954 6,453 1,539 19,200 14,000 

1958 9,136 2,111 34,600 23,100 

1960 11,015 2,654 39,700 27,285 

Annual growth rate* 0.12 0.12 0.18 0.16 
(1954-60) 

Sources: For data on FASEB meetings, FASEB records; for U.S. biomedical 
rt search manpower, Resources for Medical Research: Report No. 3. 
U.S. Public Health Service, Washington, D. C., Government Print
ing Office, 1963 

_ y-x where v = value for last year of period, Annual growth rate rate - wnere y n„ri'nj 
- - value for first year of pIFiod, and t = number of years in period. 
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.,«,vaM'on and can serve as an in-
with both formal and informal or® f thcr than local colleagues. If one 
direct measure of oral exchange travel expenditures by scientists 
assumes that the proportion o changed substantially, the 
that is charged to NIH research Slants has biomedical sci-
data in Table IV-4 might be however, is probably valid 
entists are traveling mo . , from 1956 on; and during this period 
there'is nfcleaj trLFin total travel expenditures from grant funds. 

InternationalExchange. Considerable information is available that 
bears, at least indirectly, upon in-person oral communication between D.S. 
biomedical scientists and workers in other countries. Part I of Appends 
IV-D gives a breakdown of American scientific and '"^al personnel with 
grants to work* in foreign countries during 1952 and 1962; Part II does 
the same for foreign personnel with grants to work in the U.S. In the«e 
tables, personnel are classified broadly as "students,' teachers, and 
"others." It is the last category that is most directly involved in ex
changes among scientists engaged in research. The figures do not cover 
all international exchange (e.g., travel or institutional, personal, or 
research project funds, or special grants for international congresses). 

In the past 10 years, although the number of U.S. biomedical person
nel working abroad has increased by over 50 percent, that of personnel in 
fields classified here as "related" to biomedicine has increased by 102 
percent. In making this tabulation, it was noted that the increase in 
fields less closely related to biomedicine, e.g., physics arid engineering, 
has been even more marked. As for foreign personnel coming to the U.S. 
on grants, the increase in biomedical fields has been only 31 percent, 
compared with 144 percent in "related" fields. The ratio of the numberof 
Americans working abroad to aliens working in the U.S. was 0.14 in 1952 
and 0.17 in 1962. 

It is of interest that, in 1952, 63 percent** of the American person
nel working abroad in biomedical and related fields worked in Europe (in-
^eni-inS Isles); in 1962> the Percentage had dropped to 52 per-
wor£ In SL n P«cent of the aliens with grants to do biomedical 
work in the U.S. came from Europe, but only 32 percent in 1962. 

Change with U.S.S.R. and Eastern Eurnn.. Appendix 1V-E *ivc« « 

specific subject fields was avaiLble^The5-^6111*6?* N° breakdoW° *** 
figures are characterized by marked variaH *•»*• whicl* 
least in part, by large international "s, probably explained, et 
war climate. Over-all the numh t congresses and changes in the cold-
Iron Curtain in these yea^s is aho t Americans visitti behind the 
people from those countries who visite^f t:ST* th* 

ne U. S. Poland, Hungary, 

*As used here, "work" includes studvir, 
and visiting laboratories y g °r teaching, attending meeti 

**The source for these data is th* c 
ame as for those in Appendix IV-D 

IV-15 



TABLE IV-4 

PERCENT OF NIH RESEARCH GRANTS EXPENDED FOR TRAVEL* 

Amount of 
Research % Spent 

Fiscal Grants, on Travel 
Year millions of $ Total Domestic Foreign 

1947 3.6 1. 67 

1949 13.6 1.83 

1951 17.7 1.95 

1956 39.6 2.54 

1958 99.7 2.38 2.15 0.23 

1960 202.9 2.53 2.15 0.38 

Source: Office of the Assistant to the Director of NIH 
for Scientific and Technical Information, 
August 1, 1963; based on analysis of sample of 
grant expenditure reports (for fiscal year 1960, 
the sample consisted of 1,008 grants). 

* Excludes travel charged to training and fellowship 
grants, research contracts, and grants made express
ly to support scientific meetings. 
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+-ho«- t-hev sent more visitors to the 
Rumania, however, were exceptions, in 
U.S. than they received from the U. b. 

Support of Meetings 

Numerous Federal agencies Pr^i^^^e^e8Depar^ent8orHeaUhrn 

tracts for biomedical meeting. ' suPPort, largely through the 
Education, and Welfare contri u es s (:0tal HEW expenditures 
National Institutes of Health. Table i b f . during fiscal 
for the direct support of scientific meetings of all types durin^fi.ca! 
years 1960 through 1963, and indicates now much of ^ 
NIH. The basis on which Federal agencies repor hoth in terms 
during the period in question, and the apparent decrease, both in terms 
of dollars and in percentages, of total extramural research 
be assessed from the information we have.* This table also indicates the 
total expenditures reported for direct support of all types of informa
tion activities. Again, the apparent changes cannot be evaluated. Some 
inferences can, however, be drawn. For the entire period, I960, 1961, and 
1962, NIH expenditures for extramural support of meetings accounted for 
over one-fourth of NIH expenditures for extramural support of ail types 
of information activities (including publication, as well as meetings). 
All direct support of information activities amounted to less than 2 per
cent of total extramural research grants over the same period. 

Total NIH Expenditures for Oral Communication 

If the expenditures from NIH research grants for travel are added to 
those for direct support of meetings, an approximation of the total NIH 
extramural support for oral communication activities is obtained. For 
1960, this total came to around $6.5 million, or 3.2 percent of research 
grant funds. 

Review of Other Studies 

Although the constraints of this study precluded our collecdng the 
new data required for systematic testing of the critical hypotheses posed 
at the outset, the literature was reviewed for suitable methods and for 
any suggestive dath bearing on the hypotheses and on other important 
ProbabL^e^L communication that we were not able to explore lndet.il. 

It seems unlikely that biomedical scientists n'! '"i""!,!!' "if £ 
aerial time-studies are required to assess tresis? * "" 

* The difficulties are comonnnH^ u 
different sources. For example °ne attemPts to compare deta froa 
reports that in fiscal yZr for the d.t. 1„ T.bl. I»-» 
meetings alone, if this amount- i ® awarded $840,000 for interoatioo* 
extramural expenditures in Table W « fro® the figure for NIB 
too small to represent NIH support of *d dJ-f Terence, $124,000, 
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TABLE IV-5 

DIRECT FEDERAL SUPPORT FOR BIOMEDICAL MEETINGS 
(thousands of dollars) 

Fiscal 
Expenditures for All Types 

of Information Activities 
Year Agency Intramural Extramuralt" Total Intramural 

1960 HEW 364 1,638 2,002 5,008 
NIH 163 1,417(0.71%) 1,580 1,950 

1961 HEW 570 1,887 2,457 6,096 
NIH 348 1,679(0.57%) 2,027 2,297 

1962 HEW 657 1,341 1,998 7,165 
NIH 393 964(0.22%) 1,357 2,740 

1963* HEW 762 1,038 1,800 8,128 

NIH 423 780(0.17%) 1,203 3,038 

9,523 4,515 
4,171(2.1%) 6,121 

5,815 11,911 
5,419(1.8%) 7,716 

7,134 14,299 
5,869(1.3%) 8,609 

6,928 15,056 
4,665(1.0%) 7,703 

t All data for 1963 are based on budgetary estimates. 
Percentages in parentheses relate the given figure to total NIH research 
grants (excluding fellowships and training and construction grants) in that 
fiscal vear. These totals were $203 million for 1960, $294 million for 1961, 
$434 million for 1962, and an estimated $450 million for 1963 (Office of 
Special Assistant to the Director for Scientific Communication, NIH). 

Sources: For I960, Federal Funds for Science I, ' 
Washington, D.C., Government Printing Office, 1962, for 1961, I9b2, 
1963 data, Federal Funds for Science XI, National Science Foundation, 
Washington, D.C., Government Printing Office, 1963. 

Jxplanatory 
Notes; Figures on intramural expenditures for meetings include costs of 

"all efforts directed toward planning, scheduling, announcing, sup 
porting sponsoring, conducting, and attending symposia, conferences 
porting, p for the discussion, exchange and oral 
and meetings e^ and technical information." Included are 
dissemina of federal employees participating in 
such meetings^ Figures on extramural expenditures for meetings are 
limited to grants or contracts with individuals and organizations 
limited g TTu*oh have as their primary purpose the sup-outdid, the 8-«n».nt «h ch have a .the, by p„. 
port of a scientific meet^- arg therefor6j not included. 
ticipants from ** *& of information'activities" include costs 
"Expenditures for ^ ibution bibliographic and reference serv-
of publication an development in scientific communication, as 
1C!!' Scientific meetings; as with meetings, the figures for extra-
™ta "xp^itutes include only grant, and contracts made primarily 

to support information activities. 
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Stales by GU.. (6) .nd b, 
.traced the Importance of oral o£ uc)rk o£ major .lgnlf lc.nce 
finding needed information and fo series of studies ,  the American 
to them, in two projects of an int^"tec^serJJJJ, by 8 6 8 es . ing the 
Psychological Association has ma P meeting some of the needs of 
effectiveness of scientific conven frequency with which oral re-
there »ho attend (8) and by SFSSbUrtL, the 
ports become part of the written literatur . d outline 
sequence (9). The findings of the latter mtudy *****b»Q«^tUa« 
with those obtained in a study of biomedical scientists (10) and indicate 
that factors other than quality of work affect wtion ^ 
suits of research reach publication after having been presented orally. 

CONCLUSIONS 

(1) Over-all, the increase in the number of biomedical meetings 
has been roughly proportional to the growth of the biomedical ressarch 
community and is a direct consequence of this growth, aa ia the increase 
in the size of some of the larger research meetings. 

(2) None of the major services that announce forthcoming biomedical 
meetings or combinations of these services approaches complete coversge 
of U.S. meetings, even if ad hoc and state or local meetings are excluded. 
Whether omissions in the coverage of a given service result from the axer-
cise of selectivity aimed at tailoring the service for its clientele or 
from lack of information cannot be determined from the present dets. 

(3) The amount of information exchanged orally between U.S. bio
medical scientists and their foreign colleagues is probably increasing 
as a result of the increase in international meetings and travel; bovtYtr, 
whether this absolute increase represents a relative improvement in Inter
national exchange is unknown. 

(4) It seems likely that biomedical scientists are, In general, 
traveling more than they did several decades ago. Whether this increased 
travel speeds research progress or is a substitute for other modes of com
munication that use time and money more efficiently has not been determined. 

for a^sizableefract^PendftUw6S f°r °ral con,IBUialcatlon activities account 
information complex. No criJeria^L^tTtS*1 °f th* blomilC'\ funds is optimal. exist to judge whether this allotment of 

tion and as an activity^hat^bso^1^^"100 a® 8 channel *or iafotmf 
warrants much more effort in studviL tin* atDfUnt8 of "dentists' time 
information complex and in imnrmi . Subsystem of the biomedical 
munication. At present, we do obt^we^h?''d"?1 informal oral c<m* 
trends objectively, nor to answer many of th!" " C° evaluate aPP«"nt 

y r the Important questions. 
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APPENDIX IV-A 

U. S. BIOMEDICAL SOCIETIES* AND THEIR REGULAR MEETINGS, 1961 

Name of Society 

D.C. 

Academy of Applied Osteopathy 
Academy of Denture Prosthetics 
Academy of Medicine of Cincinnati 
Academy of Medicine of Cleveland 
Academy of Medicine of Washington, 
Aerospace Medical Association 
Alabama Society of Anesthesiologists 
Alaska State Medical Association 
American Academy for Cerebral Palsy 
American Academy of Allergy 
American Academy of Child Psychiatry 
American Academy of Compensation Medicine, Inc. 
American Academy of Dental Medicine 
American Academy of Dermatology and Syphilology 
American Academy of General Practice 
American Academy of Microbiology, Inc. 
American Academy of Neurological Surgery 
American Academy of Neurology 
American Academy of Occupational Medicine 
American Academy of Ophthalmology and 

Otolaryngology 
American Academy of Oral Pathology 
American Academy of Orthopaedic Surgeons, Inc 
American Academy of Pediatrics 
American Academy of Periodontology 
American Academy of Physical Medicine & 

Rehabilitation 
American Academy of Restorative Dentistry 
American Academy of Tuberculosis Physicians 
American Association for Cancer Research Tnc 
American Association for Cleft Palate 

Rehabilitation Palate 
American Association for the „ 

Diseases h Study of Neoplastic 
American Association for the Surgery of Tr 
American Association for Thnr -t ° Trauma 
American Association of AnatoSsts ^ 

Member-
ship 

948 
67 

1,550 
2,200 

150 
2,420 

30 
115 
286 

1,202 
196 
225 
980 

2,177 
25,842 

515 
69 

2,051 
350 

6,904 
350 

2,677 
6,270 

640 

300 
186 

1,066 

600 

160 
406 
542 

1,300 

No. of 
Meetings 

ported and that^quire"^octora^d bi0medical research may be . 
from National Academy of Science! m 8ree for ^^ership were sel 

ReSearc» Council!! Sc 
Washington, 7 th ed7 
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Name of  Society 

Inc.  

Inc.  

American Associat ion of  Endodontis ts  
American Associat ion of  Geni to-Urinary Surgeons 
American Associat ion of  Immunologis ts  
American Associat ion of  Industr ia l  Dent is ts  
American Associat ion of  Neuropathologis ts  
American Associat ion of  Obstetr ic ians  & 

Gynecologis ts  
American Associat ion of  Orthodont is ts  
American Associat ion of  Pathologis ts  & 

Bacter iologis ts  
American Associat ion of  Plast ic  Surgeons 
American Associat ion of  Publ ic  Heal th  Dent is ts  
American Associat ion of  Rai lway Surgeons 
American Associat ion of  Veter inary Nutr i t ionis ts  
American Blood I r radiat ion Society 
American Broncho-Esophagological  Associat ion 
American Cl inical  and Cl imatological  Associat ion 
American Col lege of  Al lergis ts  
American Col lege of  Anesthesiologis ts ,  
American Col lege of  Cardiology,  Inc.  
American Col lege of  Chest  Physicians 
American Col lege of  Dent is ts  
American Col lege of  Gastroenterology,  
American Col lege of  Obstetr ic ians  & 

Gynecologis ts  
American Col lege of  Osteopathic  Surgeons 
American Col lege of  Physicians 
American Col lege of  Radiology 
American Col lege of  Surgeons 
American Col lege of  Veter inary Pathologis ts  
American Dental  Associat ion 
American Dermatological  Associat ion,  ^ n c°  
American Federat ion for  Cl inical  Researc  
American Fracture  Associat ion 
American Gastroenterological  Associat ion 
American Gastroscopic  Society 
American Geriatr ics  Society 
American Goi ter  Associat ion,  Inc.  
American Gynecological  Society 
American Inst i tute  of  Homeopathy 
American Inst i tute  of  Ultrasonics  in  e  
American Laryngological  Associat ion 
American Laryngologica1,  Rhinologica 

Otological  Society,  Inc.  
American Medical  Associat ion 
American Medical  Women's  Associat ion 
American Neurological  Associat ion 
American Ophthalmological  Society 
American Orthopaedic  Associat ion 

Member
ship 

No.  of  
Meet ings 

675 1 
106 1 
543 1 
148 2 
147 1 

200 2 
2,084 1 

980 1 
125 1 
178 1 

3,100 1 
152 1 

70 1 
270 1 
260 1 

1,164 1 
1,991 2 
1,959 2 
7,116 1 
2,692 1 

891 1 

6,474 1 
520 1 

11,000 1 
3,839 1 

24,000 1 
92 2 

94,696 1 
113 1 

3,494 5 
360 1 
316 1 
216 1 

7,500 2 
242 1 
136 1 
350 1 
250 1 

96 1 

603 1 
176,000 2 

1 
403 1 
217 1 
294 1 
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Name of Society 

American Orthopsychiatry Association 1 , 8 0 6  
American Osteopathic Association 1 0 , 5 1 6  
American Osteopathic College of 

Anesthesiologist ^2 
American Osteopathic College of Radiology 109 
American Otological Society, Inc. 149 
American Otorhinologic Society for Plastic 

Surgery 4 JO 
American Pediatric Society 238 
American Physiological Society 2,000 
American Proctologic Society 702 
American Psychiatric Association 12,000 
American Psychoanalytic Association, Inc. 888 
American Psychopathological Association, 

Inc. 150 
American Roentgen Ray Society 815 
American Society for Artificial Internal 

Organs 120 
American Society for Clinical Investigation 706 
American Society for Experimental Pathology 679 
American Society for Pharmacology and 

Experimental Therapeutics 915 
American Society for Surgery of the Hand 100 
American Society for the Study of Sterility 893 
American Society of Anesthesiologists, Inc. 4 602 
American Society of Anthropometric 

Medicine & Nutrition ,I0 

American Society of Biological Chemists 
Inc. 

American Society of Clinical Pathologists 2*563 
American Society of Maxillofacial Surgeons go 
American Society of Ophthalmologic and 

Otolaryngologic Allergy 
American Society of Plastic and Reconstru- "5 

tive Surgery 
American Surgical Association 
American Therapeutic Society 250 

American Thoracic Society 300 

American Urological Association, lnc f'o™ 
Arizona Medical Association Tnc 1>878 

Arizona Radiological Society ' 1.038 
Arizona Society of Anesthesiologists 30 

Arizona State Dental Association 43 

Arkansas Medical Society 375 
Arkansas Radiological Society 1.250 
Association for Research in Nervous ^ 33 

Mental Disease lnc Ne*vous and 

Association for Research in Ophthalmology, 920 

Member- No. of 
s h i p  M e e t i n g  

1 , 4 0 3  
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Name of Society 

Association for the Advancement of Psychoanalysis 
Association for the Advancement of 
Psychotherapy, Inc. 

Association of Allergists for Mycological 
Investigations, Inc. 

Association of American Physicians 
Association of Bone & Joint Surgeons, Inc. 
Association of Military Surgeons of the U.S. 
Atlanta Radiological Society 
Boston Society of Psychiatry and Neurology 
Boston Surgical Society, Inc. 
Bronx Society of Neurology & Psychiatry, Inc. 
Brooklyn Psychiatric Society (Brooklyn District 
Branch, American Psychiatric Association) 

California Academy of Preventive Medicine, Inc. 
California Medical Association 
California Society of Anesthesiologists, Inc. 
Central Association of Electroencephalographers 
Central Association of Obstetricians & Gyne
cologists 

Central California Psychiatric Society, District 
Branch of American Psychiatric Association 

Central Neuropsychiatric Association 
Central New York Psychiatric Society, District 

Branch of American Psychiatric Association 
Central Society for Clinical Research 
Central States Society of Industrial Medicine 

& Surgery 
Central Surgical Association 
Chicago Dental Society 
Chicago Medical Society 
Chicago Pathological Society 
Chicago Roentgen Society 
Chicago Society of Internal Medicine 
Chicago Urological Society 
Cincinnati Dermatological Society 
Cincinnati Pediatric Society 
Cincinnati Society of Anesthesiologists 
Cincinnati Society of Neurology 6c Psyc a ry 
Clinical Orthopaedic Society 
Clinical Society of Genito-Urinary Surgeon 
College of American Pathologists 
College of Physicians of Philadelphia 
Colorado Psychological Association 
Colorado State Medical Society 
Congress of Neurological Surgeons 
Connecticut Society of Pathologists 
Connecticut State Medical Society , ts 
Connecticut State Society of Anesthesiologist 

Cranial Academy 

Member No. of 
ship Meetings 

58 12 

330 8 

50 1 
250 1 
75 1 

7,000 1 
38 12 
180 8 
315 5 
92 6 

149 4 
107 1 

17,000 1 
789 1 
300 2 

699 1 

50 4 
250 1 

90 4 
800 1 

677 2 
422 1 

3,682 12 
6,507 13 
195 12 
225 6 
368 8 
105 5 
40 9 
99 4 
50 13 
120 8 
356 1 
43 2 

1,746 1 
1,208 8 
200 3 

2,446 2 
502 1 
60 6 

3,755 1 
125 4 
284 2 
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Name of Society 
Member-

s h i p  

500 
110 
116 

140 
60 

Dallas-Fort Worth Radiological Society, Inc. 
Delaware Academy of Medicine 
D. C. Society of Anesthesiologists 
East Bay Psychiatric Association 
Eastern Missouri Psychiatric Society, District 

Branch of the American Psychiatric Association 
Eastern Surgical Society 
Endocrine Society 1, 300 
Florida Medical Association 4,000 
Florida Pediatric Society 170 
Florida Psychiatric Society 106 
Florida Radiological Society 115 
Florida Society of Anesthesiologists 123 
Fort Worth Surgical Society 35 
Georgia Psychiatric Association 55  
Georgia Society of Anesthesiologists 70 
Great Northern Railway Surgeons' Association 223 
Greater St. Louis Society of Radiologists 47 
Harvey Cushing Society, Inc. 
Hawaii Association of Plantation Physicians 42 
Hawaii Dermatological Society 
Hawaii Medical Association cq-j 
Hawaii Psychiatric Society 
Hawaii State Dental Association 
Honolulu County Medical Society 
Honolulu General Surgical Society 
Honolulu Obstetrical & Gynecological Society 
Honolulu Pediatric Society 
Houston Radiological Society *** 
Idaho State Medical Association 39 

Illinois Psychiatric Society 550 

Illinois Psychological Association t 7 3 

Illinois Radiological Society 
Illinois Society of Anesthesiologists 55 

Illinois State Medical Society 211 

Indiana Academy of General Practice 9'8U 

Indiana Neuropsychiatry Association 855 

Indiana Psychological Association 83 

Indiana Roentgen Society 211 
TndJ"ana 8°ciety of Anesthesiologists 
Indiana State Dental Association "5 
Indus!^-S?ate Medical Association 1»750 

Inc.r 3 Medlcal Association of Ph i l ade lph i a  * ' 2 5 6  

of ' 222< 

Interstate Post*;?? Z Association 
North America 6  M e d i c a l  Associat ion of  

Iowa Academy 0f Surgery 

10 

1,500 
68 
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Name of Society 

Iowa Association of Pathologists 
Iowa Dental Association 
Iowa Neuropsychiatric Society 
Iowa Orthopaedic Society 
Iowa Radiological Society 
Iowa Society of Anesthesiologists 
Iowa State Medical Society 
Iowa Veterinary Medical Association 
Jackson County Medical Society 
John A. Andrew Clinical Society 
Kansas City Southwest Clinical Society 
Kansas District Branch, American Psychiatric 

Association 
Kansas Medical Society 
Kansas Radiological Society 
Kansas Society of Anesthesiologists 
Kansas State Osteopathic Association 
Kentucky Dental Association 
Kentucky Psychiatric Association 
Kentucky Radiological Society 
Kentucky State Medical Association 
Kings County Radiological Society 
Lake County Medical Society 
Los Angeles Radiological Society 
Los Angeles Society of Allergy 
Los Angeles Society of Internal Medicine 
Los Angeles Society of Ophthalmology & 

Otolaryngology 
Louisiana District Branch of the American 

Psychiatric Association 
Louisiana Societies of Anesthetists 
Louisiana State Medical Society 
Maine Medical Association 
Maine Radiological Society 
Maine Society of Anesthesiologists 
Maryland Psychiatric Society 
Massachusetts Dental Society 
Massachusetts Medical Society _ . 
Massachusetts Society of Anesthesio ogis s 
Massachusetts Society of Pathologists 
Massachusetts Thoracic Society 
Medical & Chirurgical Faculty of the State of 

Maryland 
Medical Association of Georgia . , 
Medical Association of the State o 
Medical Society of Delaware 
Medical Society of New Jersey , 
Medical Society of the County of Krngs an 

Academy of Medicine of Brooklyn, 

ember - No. of 
ship Meetings 

60 2 
1,400 1 

84 2 
43 3 
81 2 
85 11 

2,415 1 
840 1 
897 4 
300 1 
750 1 

150 2 
1,833 1 

45 3 
46 1 

150 1 
950 1 
50 2 
66 9 

2,382 1 
36 9 

400 12 
157 5 

48 4 
386 5 

375 1 

12 
60 12 

2,600 1 
828 2 

32 4 
33 5 

176 7 
3,059 2 
7,795 1 

360 4 
147 4 
160 5 

3,152 2 
2,815 1 
2,109 1 

430 1 
6,734 1 

9 
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Name of Society 

Medical Society of the Count,- of *» ' 
Medical Society of the District o 
Medical Society of the State of New *** 
Medical Society of the State of North Carolina 
Medical Society of Virginia 
Memphis Eye, Ear, Nose & Throat Society 
Metropolitan Dermatological Society o os 

Angeles 
Michigan Allergy Society 
Michigan Industrial Medical Association 
Michigan Society of Anesthesiologists, Inc. 
Michigan Society of Neurology & Psychiatry and 

Michigan District Branch of the American 
Psychiatric Association 

Michigan State Medical Society 
Mid-Central States Orthopaedic Society, Inc. 
Middle Atlantic Society of Orthodontists 
Mid-South Postgraduate Medical Assembly 
Milwaukee Roentgen Ray Society 
Minnesota Academy of Medicine 
Minnesota Academy of Occupational Medicine & 

Surgery 
Minnesota Psychiatric Society 
Minnesota Radiological Society 
Minnesota Society of Anesthesiologists 
Minnesota State Medical Association 
Mississippi Psychiatric Society 
Mississippi Radiological Society 
Mississippi State Medical Association 
Mississippi Valley Medical Society 
Missouri Society of Anesthesiologists 
Missouri State Medical Association 
Montana Academy of Oto-Ophthalmology 
Montana Medical Association 
Nassau Neuropsychiatric Society 
National Dental Association, Inc. 
National Eclectic Medical Association 
National Foundation for Metabolic Research 
National Medical Association, Inc. 
National Proctologic Association 
Nebraska Dental Association 
Nebraska Society of Anesthesiologists 
Nebraska State Medical Association 
Nebraska State Radiological Society, Inc 
Neuropsychiatric Society of Virginia 
Neurosurgical Society of America 
Nevada Academy of General Practice 
Nevada State Medical Association 
New England Dermatological Society 

Member
ship 

6,948 
2,198 

25,056 
3,227 
2,930 

32 

61 
100 
197 
163 

256 
6,652 

178 
150 

1,600 
43 

105 

85 
105 
108 
118 

3,700 
24 
25 

1,400 
1,100 

105 
3,770 

36 
610 
110 
770 

1,000 
500 

5,000 
50 

760 
14 

1,229 
36 

101 
85 
47 

249 
143 

No. of 
Meeting 

9 
1 
1 
I 

12 

Bleo. 

Bien. 
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Name of Society 
Member -

ship 
No, of 

Meetings 

New England Obstetrical & Gynecological 
Society 

New England Ophthalmological Society 
New England Oto-Laryngological Society 
New England Pediatric Society 
New England Roentgen Ray Society 
New England Society of Anesthesiologists 
New England Society of Pathologists 
New England Society of Psychiatry 
New England Surgical Society 
New Hampshire Dental Society 
New Hampshire Medical Society 
New Hampshire Roentgen Ray Society 
New Hampshire Society of Anesthesiologists 
New Jersey District Branch of the American 

Psychiatric Association 
New Mexico Association of Osteopathic Physicians 

& Surgeons 
New Mexico Dental Association 
New Mexico Medical Society 
New Mexico Society for Biological & Medical 

Research 
New Mexico Society of Anesthesiologists 
New Mexico Society of Internal Medicine 
New Mexico Veterinary Medical Association 
New Orleans Society of Neurology & Psychiatry 
New York Academy of Dentistry 
New York Academy of Medicine 
New York Neurological Society 
New York Pathological Society 
New York Psychiatric Society 
New York Rheumatism Association, Inc. 
New York Rhino-Otolaryngological Society 
New York Roentgen Society 
New York Society for Circulatory Diseases 
New York Society for Clinical Psychiatry 
New York State Capital District Branch, American 

Psychiatric Association 
New York State Society of Anesthesiologists Inc. 
New York State Society of Industrial Medicm , 

Inc. 
Noah Worcester Dermatological Society 
North Carolina Neuropsychiatry Associa 
North Carolina Society of Anesthesiologists 
North Carolina Trudeau Society 
North Dakota Radiological Society rvnecology 
North Dakota Society of Obstetrics & Gynecology 
North Dakota State Medical Association 
North Florida Radiological Society 

675 2 
223 8 
300 3 
575 5 
283 8 
275 3 
210 5 
517 2 
283 2 
300 1 
660 1 
22 2 
50 2 

248 6 

116 1 
243 1 
600 1 

106 3 
13 5 
37 1 
70 1 

117 9 
548 8 

3,735 4 
250 8 
296 8 
48 4 

224 3 
19 8 

296 4 
500 2 
600 5 

35 6 
1,000 1 

400 . 4 
100 2 
149 2 

1 
89 1 
13 1 
72 2 

447 1 
35 4 
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Member- No. of 
ship Meet 

56 
50 

174 
205 

Name of  Society -
" . 280 

North Pacif ic  Pediatr ic  Society 105 
North Pacif ic  Society of  Internal  Medicine 
North Pacif ic  Society of  Neurology 2 Q 0  

Psychiatry 140 
North Pacif ic  Surgical  Associat io 4 b  
Northeastern New York Radiologics ^  
Northern California Psychiatr ic  Society ^  
Northwestern Pediatr ic  Society ^ 
Odontological  Society of  Western Pennsylvania 1 .3^ 
Ogden Surgical  Society ^ 32 
Ohio Psychiatr ic  Associat ion 
Ohio Society of  Anesthesiologists ,  Inc.  
Ohio State Medical  Associat ion »5  '  
Ohio Valley Proctologic Society 
Oklahoma Distr ict  of  the American Psychiatr ic  

Associat ion 
Oklahoma Rheumatism Society 
Oklahoma Society of  Anesthesiologists  
Oklahoma State Medical  Associat ion 1,750 
Omaha Mid-West  Clinical  Society 190 
Ontario Distr ict  Branch,  American Psychiatr ic  

Associat ion 25 
Oregon Radiological  Society 46 
Orleans Parish Medical  Society 1,218 
Pacif ic  Coast  Obstetr ical  and Gynecological  

Society 110 
Pacif ic  Coast  Oto-Ophthalmological  Society 800 
Pacif ic  Coast  Society of  Orthodontists  515 B 
Pacif ic  Coast  Surgical  Associat ion 
Pacific Northwest Dermatological Society, Inc. 47 
Pacific Northwest Radiological Society 150 
Pacific Roentgen Society 418 
Pathological Society of Philadelphia 300 
Pennsylvania Dental Association 5,400 
Pennsylvania Medical Society 11'734 
Pennsylvania Osteopathic Association, Inc. 
Pennsylvania Psychiatric Society 
Pennsylvania Radiological Society 
Philadelphia Allergy Society 
Philadelphia County Medical Society -1 *nn 
Philadelphia Neurological Society 
Philadelphia Roentgen Ray Society 
Physiological  Socie ty  of  Phi ladelphia  7r>n 
Pi t t sburgh Pedia t r ic  Socie ty  
Polk County Medical Society i6J 

Portland Surgical Society 3s5 

Psychonomic Society, Inc 111 

Quebec District Branch of the American 
Psychiatric Association 

708 1 

70 1° 
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Member - No. of 
Name of Society ship Meetings 

Queens County Psychiatric Society 60 4 
Radiological Society of Greater Cincinnati 43 10 
Radiological Society of Hawaii 18 12 
Radiological Society of New Jersey 125 2 
Radiological Society of North America, Inc. 3,454 1 
Radiological Society of Southern California 123 3 
Ramsey County Medical Society 535 9 
Reno Surgical Society 43 1 
Rhode Island Medical Society 961 2 
Rhode Island Society for Neurology and Psychiatry: 

Rhode Island District Branch, American 
Psychiatric Association 

Richmond Academy of Medicine, Inc. 
Rochester Roentgen Ray Society 
Rocky Mountain Radiological Society 
Rocky Mountain Society of Orthodontists 
Rocky Mountain Traumatic Surgical Society 
St. Louis Academy of General Practice 
St. Louis Medical Society 
St. Louis Society of Internal Medicine 
San Francisco Radiological Society 
Sioux Valley Medical Association 
Society for Experimental Biology and Medicine 
Society for Gynecologic Investigation 
Society for Investigative Dermatology, Inc. 
Society for Pediatric Research 
Society for the Study of Blood 
Society for Vascular Surgery 
Society of Biological Psychiatry 
Society of Clinical Surgery 
Society of Experimental Psychologists, Inc. 
Society of General Physiologists 
Society of Neurological Surgeons 
Society of Pelvic Surgeons 
Society of University Surgeons 
South-Atlantic Association of Obstetricians 

and Gynecologists 
South Bay Radiological Society (Northern Jetton) 
South Bay Radiological Society (Southern Secti ) 
South Carolina District Branch of the American 

Psychiatric Association 
South Carolina Medical Association 
South Carolina Radiological Society 
South Dakota Radiological Society 
South Dakota State Medical Association 
Southeastern Allergy Association 
Southeastern Surgical Congress 
Southern California Psychiatric Socie y 
Southern Medical Association 

50 4 
660 4 
42 12 

139 1 
62 1 

100 1 
190 4 

1,372 9 
38 12 
57 4 

500 1 
3,411 19 

68 1 
850 1 
212 1 
153 4 
176 1 
179 1 

50 2 
75 1 

350 1 
50 1 
42 1 

369 1 

174 1 
60 12 
27 12 

23 2 
1,458 1 

38 2 
12 1 

461 1 
75 1 

1,834 1 
500 12 

14,000 1 
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Name of  Society 

Southern Minnesota  Medical  Associat ion 
Southern Psychiatr ic  Associat ion 
Southern Society for  Cl inical  Research 
Southern Society of  Anesthesiologis ts  
Southern Society of  Cl inical  Surgeons 
Southern Society of  Orthodont is ts  
Southern Surgeons Club 
Southern Surgical  Associat ion 
Southwestern Society of  Orthodont is ts  
Southwestern Surgical  Congress  
State  Medical  Society of  Wisconsin 
Suffolk County (New York)  Dis t r ic t  Branch 

Society of  the American Psychiatr ic  Associat ion 
Tennessee Academy of  Ophthalmology and 

Otolaryngology 
Tennessee Radiological  Society 
Tennessee State  Medical  Associat ion 
Tennessee State  Society of  Anesthesiologis ts  
Texas Dis t r ic t  Branch Society of  the  American 

Psychiatr ic  Associat ion 
Texas Industr ia l  Medical  Associat ion,  Inc.  
Texas Medical  Associat ion 
Texas Neuropsychiatr ic  Associat ion 
Texas Radiological  Society 
Texas Society of  Anesthesiologis ts  
Texas Society of  Pathologis ts ,  Inc.  
Tissue Culture  Associat ion 
Tri-State  Medical  Associat ion 
Tri-State  Radiological  Society 
Utah Oto-Ophthalmological  Society 
Utah Society of  Pathologis ts  
Utah State  Medical  Associat ion 
Utah State  Radiological  Society,  Inc.  
Utah State  Society of  Anesthesiologis ts  
Vermont  State  Medical  Society 
Virginia  Academy of  General  Pract ice  
Virginia  Society of  Anesthesiologis ts  
Virginia  State  Dental  Associat ion 
Washington Psychiatr ic  Society 
Washington State  Medical  Associat ion 
Washington State  Radiological  Society 
Washington State  Society of  Anesthesiologis ts ,  

West  Virginia  Radiological  Society 

West  Virginia  State  Dental  Societ^ '  M e d l c l n '  

West  v i rgtau M e d l«l  Associat ion 
Virginia  Veter inary Medical  Associat ion,  inc.  

Meraber-
ship 

350 
230 
279 
750 

75 
283 
42 

344 
212 

1,100 
3,600 

57 

120 
62 

2,501 
55 

166 

8,206 
266 

165 
116 
622 
650 

14 
35 
16 

905 
22 
35 

445 
429 

45 
1,170 

279 
2,882 

65 

118 
28 
38 
93 

557 
1,467 

80 

No. of 
Meetings 

12 
Bier  

Bier 
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Name of  Society 
Member-

ship 
No. of 

Meetings 

Westchester  County Distr ic t  Branch of  the 
American Psychiatr ic  Associat ion 140 5  

Westchester  Radiological  Society 31 1  
Western Associat ion of  Physicians 66 1  
Western Industr ia l  Medical  Associat ion 390 1  
Western Missouri  Dis t r ic t  Branch of  the American 

Psychiatr ic  Associat ion 48 3  
Western New York Society of  Industr ia l  Medicine 

& Surgery 151 3  
Western Orthopedic  Associat ion 802 1  
Western Society for  Cl inical  Research 306 1  
Western Surgical  Associat ion 362 1  
Wisconsin Radiological  Society 82 1  
Wisconsin Society of  Anesthesiologis ts  84 2 
Wisconsin Society of  Pathologis ts  98 3  
Wisconsin Surgical  Society 140 2  

Women's  Medical  Society of  New York State  250 2 
Women's  Veter inary Medical  Associat ion 200 1  
Wyoming State  Medical  Society 2 6 5  1  
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APPENDIX IV-B 

FEDERATION OF AMERICAN SOCIETIES FOR EXPERIMENTAL RTnrnr.v 

Attendance 

Year Total 
Members of 

FASEB Societies Non-members 
No. of Papers 
Presented 

No. of 
Symposia and 

Spec. Sessions 
No. of 
Sessions 

194< 5 2,309 1,01( 
1947 ' 2,900 
1948 3,324 _ _ _ 
1949 3,517 _ _ _ 
19 50 4,628 ~ — ~ 

1951 4,787 — 

1952 6,494 
1953 6,085 1,643 
1954 6,453 1,720 
19 55 4,337 1,226 
1956 7,380 1,934 
1957 7,688 1,942 

1958 9,136 2,295 
1959 10,327 2,511 
1960 11,015 2,624 
1961 12,567 2,852 
1962 14,814 3,177 
1963 16,484 

1,293 

A, 442 
4,733 
3,111 
5,446 
5,746 

6,841 
7,816 
8,391 
9,715 

11,637 

723 
934 

1,122 
1,304 
1,266 
1,298 

1,510 
1,389 
1,539 
1,356 
1,915 
1,945 

2,111 
2,475 
2,654 
2,815 
2.990 
3 .138 

Largest No. of 
Simultaneous 
Sessions 

9 79 14 3 85 14 4 94 17 
4 113 14 
4 118 16 
3 126 17 

7 149 20 
5 140 21 

10 146 22 4 130 18 
5 186 22 8 185 23 

10 208 25 
16 234 30 
18 254 28 
14 270 29 20 286 31 26 313 34 

FASEB Record. 



APPENDIX IV-C 

MEETINGS OF THE AMERICAN FEDERATION FOR CLINICAL RESEARCH 

TABLE IV-C-1 

ANNUAL MEETINGS OF THE AMERICAN FEDERATION FOR CLINICAL RESEARCH 

Annual (National) Meeting 
No. Papers 

Year Membership Registration Submitted 

1948 800 
1949 1,075 
1950 1,300 
1951 1,561 
1952 1, 748 128 
1953 1,985 165 
1954 2,036 153 
1955 2,312 173 
1956 2,500 247 
1957 2, 700 246 
1958 2,760 296 
1959 2,878 255 
1960 3,172 2,283 331 
1961 3,453 2,240 296 
1962 3,728 2, 655 365 
1963 3,818 2,461 373 

Sources: AFCR Records and Clinical Research (Proceedings) 

No. Papers 
Given 

24 
24 
26 
41 
48 
52 
85 
82 
94 
77 
71 

113 

Year 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 

TABLE IV-C-2 

NUMBER OF PROGRAM ABSTRACTS SUBMITTED FOR MEETINGS 
OF THE AMERICAN FEDERATION FOR CLINICAL RESEARCH 

Na t iona 1 
Meeting 

153 
173 
247* 
246 
296 
255 
331 
296 
365 
373 

Eastern 
Section 

120 
48 
47 
69 
81 
84 

No Meeting 
95 

137 
80 

Midwes t 
Section 

55 
48 
65 
54 
64 
48 
49 
64 
66 
72 

Southern 
Section 

74 
45 
58 
76 

103 
91 

103 
103 
117 
120 

Western 
Section 

43 
44 
51 
49 
49 
72 
85 
70 
96 
86 

Source: Clinical Research (Proceedxngs)_ 

..hi-i"hed in Tournal of Clinical * 36 of these abstracts were publxshed xn j 
Inves tiga tion 

Total 

445 
358 
468 
494 
593 
550 
568 
628 
781 
731 

IV Appendix C-l 



APPENDIX IV-D 

SCIENTIFIC AND TECHNICAL PERSONNEL WITH GRANTS 
TO WORK ABROAD, 1952 AND 1962 

The fol lowing information has  been der ived from compilations by the  
Reports Branch, Department of State. The categories tabulated have been 
adapted from those in the State Department compilations by regrouping as 
follows: students = "students" plus "student leaders ; teachers • 
"teachers" plus "lecturers"; others = "research scholars," "specialists," 
and "leaders"; nutrition = "nutrition and metabolism"; medlcine • 
"medicine (general)," "public health," "psychiatry," "surgery (general)," 
"pediatrics," "gynecology and obstetrics," "ophthalmology," "internal 
medicine," "medicine (atomic)," and "medical sciences (other)"; para
medical = "nursing," "dietetics," "endemic disease control," "health 
facility development," "industrial hygiene," "occupational therapy," 
"psychiatric social work," and "speech pathology"; pharmacy • "pharmacy 
and "pharmaceutical chemistry"; agriculture = "animal science," "food 
technology," "agricultural and food chemistry," and "veterinary nedlcine"; 
biology = "biology," "biology (general)," "entomology," "plant physiology, 
phytopathology," "biology (atomic)," "zoology," and "biological science 

(other)"; and chemistry = "chemistry," "organic chemistry," "physical 
chemistry,"  and chemistry (other) ."  

Part I* American Personnel Working in Foreign Countries 

Subject Field 

Biomedical (A) 
Anatomy 
Bacteriology 
Biochemistry 
Genetics 
Nutrition 
Pharmacology 
Physiology 
Medicine 
Dentistry 
Paramedical 

Related Fields (g) 
Agriculture 
Anthropology 
Biology 
Chemistry 
Psychology 

Totals (A + B) 

Students 
' 5 2  ' 6 2  

Teachers 

— — — 1 
1 1 1 
1 2 1 

— 1 

1 1 
2 2 
1 6 6 

- - 8 6 13 17 

2 1 
13 7 

5 8 6 5 19 4 
"" ~ 9 
25 44 10 
31 57 27 

'62 *52 *62 '52 _[62 

— 1 
— 3 - - 5 1 
4 3 7 5 13 
1 3 3 2 

-  —  1 - - 1 — 
-  - 1 1 

1 - - 2 2 5 
8 5 13 12 21 
9 3 3 3 12 
3 1 9 3 

26 19 25 42 64 

2 3 1 5 4 
7 5 4 18 18 

25 6 8 17 41 
20 7 9 16 48 
8 - - 6 23 

62 JT 28 56 134 

88 40 53 98 198 

I V  Appendix D - l  



Part II, Foreign Personnel Working In U.S. 

Students Teachers Others Total 
Subject Field '52 

Biomedical (A) 
Anatomy 
Bacteriology 
Biochemistry 
Biophysics 
Genetics 
Nutrition 
Pathology 
Pharmacology 
Physiology 
Medicine 
Dentistry 
Pharmacy 
Paramedical 

'52 '62 '52 '62 '52 '62 '52 '62 

1 1 .. 2 m _ 
9 21 - - 3 10 12 31 

23 33 1 8 68 31 102 
1 2 2 2 3 4 
4 8 1 2 3 1 8 11 
1 7 1 - - — 1 8 

_ _ 6 — -  - 1 3 1 9 
2 10 1 12 3 22 
4 6 — — 1 12 5 18 

219 146 4 3 108 128 331 277 
17 30 - - 4 17 34 

6 29 1 1 8 7 38 
24 33 2 1 2 — 28 34 

—— — — ——— 

311 331 8 9 130 248 449 588 

Related Fields (B) 
Agriculture 
Anthropology 
Biology 
Chemistry 
Psychology 

Totals (A + B) 

23 
2 

16 

50 
16 
81 

67 152 
62 85 

170 384 

481 715 

1 1 2 6 26 57 
2 _ 2 3 6 19 

3 7 29 23 113 
2 11 37 118 106 281 
2 3 9 14 73 102 

___ — • 

7 18 57 170 234 572 

15 27 187 418 683 1160 
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APPENDIX IV-E 

TRAVEL 
OF 

SCIENTIFIC AND TECHNICAL PERSONNEL 
TO AND FROM 

SOVIET UNION AND EASTERN EUROPE 

Czecho-
USSR Poland Slovakia Hungary Rumania Bulgaria Totil 

To 
U.S. 

From 
U.S. 

To 
U.S. 

Froin 
U.S. 

To 
U.S. 

From 
U.S. 

To 
U.S. 

From 
U.S. 

To 
U.S. 

From 
U.S. 

6 

To 
u. s .  

From 
.  u - s .  

10 

To 
U.S. 

Froe 
0.5, 

1959 415 675 51 10 22 116 17 5 11 

From 
U.S. 

6 3 

From 
.  u - s .  

10 519 622 

1960 311 90 55 29 35 117 26 27 18 1 6 2 451 266 
1961 217 722 58 34 47 43 28 22 17 4 _3 33 370 856 

943 1487 164 73 104 276 71 54 46 11 12 45 1340 1946 

Source; Repori on Exchanges with the Soviet Union and Eaatcrn Europe 
: "os: 19, and 2 0 ) ,  Soviet aod r .r ^  
Eastern Exchanges Section, Department of State. 

Note: Report Nos. 1 - 14 do not indicate hov many exchange, 
concerned scientific and technical personnel. 

IV Appendix E-l 



June 11,  1963 
(Revised December  1963)  

NAS-NRC Study of  Communicat ion Problems in  Biomedical  Research 

Staf f  Paper  No.  V 

CHARACTERISTICS OF THE BIOMEDICAL SERIAL LITERATURE* 

INTRODUCTION 

The b iomedical  ser ia l  l i te ra ture  comprises  the  formal  types  of  wr i t ten  
records ,  which may be  ca tegor ized gross ly  as  ser ia l  publ ica t ions ,  books ,  
and technical  repor ts .** In  addi t ion  to  the  per iodicals  tha t  sc ient is ts  
refer  to  as  " journals ,"  b iomedical  l ibrar ians  use  the  term,  "ser ia ls ,"  for  
severa l  o ther  types  of  publ ica t ions ,  such as  abs t rac t ing and indexing pub
l ica t ions ,  monograph ser ies ,  annual  review ser ies ,  and volumes of  proceed
ings  of  recurrent  conferences .  From the  point  of  v iew of  those  charged 
with  keeping and f inding documents ,  the  common fea tures  of  ser ia ls  are  
that  they are  Issued on a  recurrent  bas is  and bear  t i t les  indicat ing con
t inui ty .  Because  ser ia ls  are  the  pr imary source  of  recorded informat ion 
for  research workers ,  we gave the  most  a t tent ion to  th is  segment  of  the  
l i te ra ture . t  The a im of  th is  paper  i s  to  summarize  such of  our  f indings  
as  may provide  a  foundat ion of  re l iable  data  and a  broad perspect ive  for  
considera t ion of  " the  l i te ra ture  problem."  

METHODS AND SOURCES 

Our  genera l  approach was  to  review cr i t ica l ly  previous  s tudies  and 
use  su i table  da ta  there in .  Edi tor ia l  s ta tements  about  t  e  s ize  an  

owth of  the  l i te ra ture ,  and s tudies  in  which the  methodology was  not  
equate ly  descr ibed,  were  reviewed but  not  used as  sources  „ t l L.  
re s tudies  tha t  re l ied  pr imar i ly  on "second-han a  a '  r e a < m v  avai l -
om s tudies  meet ing our  c r i ter ia  was  supplemente  y  w i t hin  the  
U from other  sources .  In  mddi t io*to  
nstraints  of  t ime,  cos t ,  and manpower ,  we coi iec teu  ® 
11 impor tant  gaps .  

on ' t -or la  for  dependable  sources  of  
The number  of  s tudies  meet ing our  c r  ,  f  publ ished and 

format ion i s  smal l .  Most  of  the  "omiderebU j f^her  
publ ished s tudies  of  b iomedical  and re  a  observat ions  for  which the  
tes  based on o ther  es t imates  or  u n s y s t e m t p ^ r i b e d  o n i y  vaguely .  Of  the  
thodology and def in i t ion  of  samples  a re  f u l  f o r  assess ing changes  
w su i table  sources ,  the  major i ty  a re  no u  ^ defini t ion  of  
th  t ime.  In  addi t ion ,  the  essent ia l  su  h  l i te ra ture  of  any 
e  "biomedical"  l i te ra ture  or ,  for  tha t  mat ter ,  of  

Not  for  publ ica t ion or  publ ica t ion r e ^ e V V^^ a i s  b y our  def in i t ion ,  but  
Ser ies  of  technical  repor ts  quai i f y  as  e d i c a l  communi ty ,  
a re  not  usual ly  t rea ted  as  such in  "e  b i o medical  technical  
See  Staf f  Paper  No.  VII  for  an  analys is  
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f ie ld  of  science posed a  mjor  diff icul ty ,  par t icular ly  whan we « tM*M 
to compare data  from different  sources .  

Analyses  of  Standard References 

Special  analyses  were made of  data  in  Biomedical  Ser ia ls ,  1950-60;  
Index-Handbook of  Cardiovascular  Agents ,  Vols .  1  and 2;  Pol lomyel l t l i  
Current  Li terature  and Pol iomyel i t is  and Related Diseases  « and Blbl lo^r ipty 
of  Medical  Reviews,  Vol .  7 ,  1962.  The procedures  fol lowed el tbar  are  ob
vious or  are  descr ibed when the resul ts  are  presented.  

Col lect ion of  Original  Data  

The annual  bibl iography of  NIH s taff  for  1961 (1), and the NTH Re
search Grants Index. Fiscal Year 1962, were used to ascertain the charac
teristics of published material resulting from the intra- and extradural 
research programs of NIH, respectively. Each of the citations in thaae 
publications was tabulated by the title of the aerial or other type of 
publication in which it appeared. These tabulations were analysed in 
several  ways that  wil l  be descr ibed below.  

A s imple s tudy of  the  shelf  space required for  biomedical sariala eai 
performed at Wayne State University Medical Library, which has coeplete 
sets of bound volumes for 351 journals from 1940 to the present. Proe en 
a l p h a b e t i c a l  l i s t  o f  t h e s e  j o u r n a l s ,  a  s a m p l e  o f  e v e r y  t h i r d  t i t l e s  
taken, and the total thickness of a year's publication was messurad scroti 
tne top ot the volume (or volumes). The years 1941 1946 1951 1956 
and 1961 were selected for  measurement .  * '  '  '  

RESULTS 

Biomedical  Ser ia l  Li terature  as  Convent ional ly  D c f i n e d  

^fu^OTC?ic?1.field» M Conventionally daflM by librariLsfanrbibliographeisI D e i i C l 1H f i e 1? '  "  c o n v e n tMl* 
cl inical  sciences taught  in  i '  1" d e s  cl inical  medicine and the pr  
the  fol lowing may be included d"  8 c ; h o o l s  •  In  addi t ion,  any or  a l l  c  
Pharmacy,  deSt isLy" Cursing 'ho^ ^ 8  ° n  W h°  U  the  f l . ld:  
t ion,  and veter inary medicine Tah? 3  5*? o s t e oP a t hy» hospi ta l  adeinis t  
to ta l  number of  "substant ive"*biT c o mP a res  the f igures  for  the 
and compilat ions s ince 1950 whirh ov,  C 3 j  s e r i a* s  developed by four  s tud 
of  the  f ie ld  and which ar- t -n n7|- . -  a  r o uR h l v  conyarable  def lnl t lo  
cer ta in  that  each was s t i l l  belnp;  publ ished^ 5 6^* 1 8  ° r  c h e c k e d  t h c g  t 0  

———— 3, 4, 5), 
Birth__and Death of  T  

duringthe de^dTT950^60§h e  1^77*1 i n  b l^ical  aer ia l ,  wa.  :  
dropped 130 ser ia ls  l is ted i  ( 1 9 6 1 )  o f  World Medici  

f  n-  J  n e w  o n e s ;  the la t ter  cUd second edi t ion (1957)  at  

proport ion „£"„e ser?!?  ^ b y  1 9 6°-  °"«r -=hlrd of tb .  J 
ser ia ls  born before  1951 al 8 ? e 8ame P«rlod, a ale  

. ' ,U° «-• J ourn.li AyJH^di^„hen tt  u"°- 0£ J <>»™ 

a pre-existing serial. Plication or U .b.orbed 
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TABLE V-l 

ESTIMATES OF 
NUMBER OF CURRENT SUBSTANTIVE BIOMEDICAL SERIALS* 

Number of Serials 
Source 1950-1951 1957 1960-1961 

Welch Library Project (2) 4,454** 

Brodman and Taine Study (3) 3,879+ 

World Medical Periodicals (4) 4,360 5,803 

Biomedical Serials, 1950-60 (5) 5,323++ 5, 711 

* Biomedical serials containing "indexable," original, or "informative" 
material believed to be alive at the given time; all the figures, 
however, include abstracting and indexing serials. 

** This project lasted from 1948-1953, but it is reasonable to assume 
that its report generally reflected the status in 1950-1951. The 
authors note that the first edition of World Medical Periodicals 
(1951) includes some 1300 substantive serials in addition to those 
they had counted. Their figure includes 289 Congress proceedings, 
a class of publication omitted by the other studies. 

t The authors state that the difference between their figure and that 
P<Wn hy Unrld Medical Periodicals for the same year is explained 
given by worm collection in La tin-American and Japanese 
by a deficiency of the NLM collectio mdical Library figures 
journals ar that time, and that the o£ current sub. 
are higher on account of differences in 
stantive periodicals." 

tt The figure «« 1M0-1M1 -Jtho^e" 
ing for each "rial listed in founding date was given as 

for 72 ir+w!" ®'" -1.1. »ere not included in 

the figure for 1950-1951. 
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during this  decade,  four- f i f ths  of  ser ia l ,  tha!  

r:»« •« y— tn êndi* v-a-
Georgraphical  and Lan^age Di^r ibut im The^ia^c^tr le .^ad 

—T^^l« differ ,  .<—t fro.  that  

based on the number of  ser ia ls .  

Number of  Art ic les .  No one has  actual ly  counted the number of arti-
cles in all biomedical serials; however, two studies arrived at eatinetes 
by systematic sampling. For the early 1950's, the Welch Medical Library 
Project estimated the total to be about 300,000 (2); and Brodman and 
Taine arr ived a t  a  f igure of  around 220,000 for  1957 (3) .  

Review Art ic les .  The fol lowing f igures  taken from the Bibl iography 
of  Medical  Reviews,  Vols .  6  and 7,  Cumulat ion (Preface) ,  of  the National  
Library of  Medicine i l lus t ra te  the sharp increase in  the number of  bio
medical  reviews s ince 1955.  

Year  Approximate no.  of  review articles 

1955 1,000 
1956 2,000 
1957 2,880 
1958 3,280 
1959 2,380 
1960 3,320 
1 9 6 1  4,800 

The average annual  increase over  the 7-year  per iod is  63 percent.  
ioc? l d  b e  n o t e d» h o wever ,  that  the impressive total  of  4,800 reviews 

i  ̂™ o u n t® to only 3 .4  percent  of  the  140,000 articles  l isted by 
be I n  L!°*j  t h aJ;  y e a r* A b o u t  h a l f  t h e  Hated reviews could vS3E«£i2E2£as - *• «•*» .. 
matter*" pSSct tc ,?"-  s h eJ £" sP a c e  requirement  of  .er l . l  Journal .  i s .  m a t t e r  o t  p r a c t i c a l  i m p o r t a n c e  t o  l i b r a r i e s  t  
a year 's  publ icat ion for  the average iournai  i ?  !H2? ,  
medical  journals  (Appendix V-B) was '  found to  £  

?^l chness 1—cjk Increase over  10-yr ,  per iod.  '  
1 9 4 1  3 
1 9 4 6  3*8 >  1951 4*° J  17 
1 9 5 6  4*4 V 1961 , ;z  >  10 

*  A random sample (20 percent^ -v  ,  
When the t i t le  of  the^r tSu lef t  d }H^£ 3 r t i c l e s  was examined,  
general  or ientat ion of  the  journal  i°U  I i°!  l t S  C  l a 8 8  i f  i c a t  ion,  t t  

Journal  i n  which i t  appeared was apprai 
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TABLE V-2 

DISTRIBUTION OF BIOMEDICAL LITERATURE 
BY ~ 

COUNTRY OF PUBLICATION AND LANGUAGE 

% of % of 
/o of Serials, Serials, Articles, 

Country of Publication 1950-1951 1957 1957 

u. s. 28 23 24 

Great Britain 7 7 7 

France 7 8 10 

Italy 7 10 8 

Germany 7 9 12 

Japan 5 4 9 

Language 

English 46 38 37 

Spanish 14 10 6 

French 13 11 11 

German 12 11 13 

Italian 10 8 8 

Japanese 5 4 8 

Sources: For 1950-1951, analysis of 4,544 serials by the Welch Library 
Project (2). This study did not give a breakdown by articles. 

For 1957, Brodman and Taine (3). 
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in 1941, the shelf space required b y  a l l  thejourn.1. me..ured ... 
126 mete"' in 1961, these Journals occupred 161 meter.. 

(7) analyzed the growth of  100 key u .» .  »  considered p.n of 
61 are  indexed by IndexMeH M S g ^ * l n e d . ,  H I .  d . t .  Indlc . , ,  

that^these selected'u.S. biomedical journals carried 31 percent more ni
cies in 1960 than in 1950 and 6.5 percent more page, devoted to articles 
Calculations from his data give averages of 8.1 pages per article In 1950 
and 6.7 in 1960. 

The Li terature  of  Special ized Biomedical  Fields  

Cardiovascular  Agents .  Est imates  were made of  the  number of papers" 
published annual ly  in  this  f ie ld  for  the per iod 1931-1955 by counting the  
papers listed in 46 percent of the pages of Volume 1 of the Index Hand* 
book of Cardiovascular Agents and 31 percent of the pages of Volume II, 
Part I. Corresponding data for 1956-1959 were obtained from unpublished 
f i les  in  the off ice  of  the  Handbook.  

The ra te  of  publ icat ion remained fa i r ly  s teady at about 300 to 400 
ar t ic les  a  year  from 1931 to  1940. I t  then rose irregularly to almost 
3,000 papers  in  1950 and thereaf ter  f luctuated at a level of 2,000 to 
3,000 ar t ic les  a  year .  

Psychopharmacology.  Data  provided by the Psychopharmacology Service 
Center, NIMH, indicate that the annual output of papers In this field 
rose steadily from about 900 in 1955 to 2,600 In 1959. In 1960, the 
count dropped to 1,450 and, in 1961, rose again to 2,450. The rate of 
publicat ion seems now to  be reaching a  plateau.  

Pol iomyel i t is .  The fol lowing approximate f igures  were derived f roe 
Pol iomyel i t is  Current  Li terature  (1946-1958) and Current  Li terature .  
Poliomyelitis and Related Diseases (1959-1962) 

Year No.  of  papers  

1946 
1950 
1955 

100 
450 

1,400 
1 9 5 6  i ; 57 0  

J 9 f0  i lzso 
1 9 6 2  l l leo 

these 'sources^ere  f i f  ^  1 9 5 6« ( A U  ^ l°  
coverage enlarged to  include otherdiseases") 6 '  a l t h°U g h  * f t e r  1 9 5 6  ^ 

* The t i t les  of  these 61 iournab o 
Paper  No.  I I I ) .  a r e  8 i ven in  Appendix I I I -B (Staff  

** The term,  "peper ,"  Is  „ s e d  throughout  to  
documents:  journals ,  ar t ic les  book.  ?  ° v e r  a 1 1  type,  of  c i ted 
reports  of  meet ings,  e tc .  * °°  S '  t e chnical  reports ,  abstracts ,  
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Biomedical Literature as Defined Operationally 

Scatter. The papers listed in the annual bibliography of NIH staff 
for 1961 (1) were distributed among more than 300 "titles" (serials, 
books, etc •) • The majority of the papers were concentrated in a relative 
small proportion of the titles. The scatter of the 15,966 papers listed 
in the NIH Research Grants Index. Fiscal Year 1962 (all papers cited by 
grantees as representing the product of their work) shows a still more 
striking concentration in a small fraction of the serials. 

Percent of Papers 
Percent of Titles NIH Staff NIH Grantees 

10 52 72 
25 73 87 
50 87 95 

The titles containing the most papers in each of these samples are 
listed in Appendix V-C. Approximately 100 titles account for 77 percent 
of the NIH staff papers and 65 percent of the NIH grantee papers. Six-
teen titles are among the first 25 in each list. 

Distribution of Papers Among Different Kinds of Titles. Table V-4 
indicates the distribution of papers 
ferent kinds of titles. 

in these two NIH samples among dif-

TABLE V-4 

NTCN? TTUTTTOK rur SAMPT.F PAPERS AMONG DIFFERENT TYPES OF TITLES* 

NTH Staff Papers NTH Grantee Papers 
No. Percent No. Percent 

In "Journals" 1,370 84 14,335 90 

In "Proceedings" 98 6 822 5 

In "Others" I58 10 809 5 

Totals 1,626 100 15,966 100 

)eflnitions: 

"journals":  ser ia l  per iodicals  «« 
"proceedings": titles publishing r p 

qualifying as journals; falling into the 
"other": miscellaneous types of d^*o*Sj monographs, monograph 

above categories, e.g., less frequently, and 
and review series issued annually or 
technical reports 
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,  • ~  Comnlp Pacers .  For each sample, the 
Nature of Journals Containing— P Pcla'ssified according to the 

journals containing more than °ne PaP follows* Type ll most of the sub-
general type of .aterlal Polished as £he .uthor 

stantive items are articles of r g ^ except that the majority of 
cribes his own work; Type 2: sam , work or abstracts of oral re-
items are brief descriptions of an 3; ^ 
ports submitted for (or given published'el.evhere.* Per H1H 
review articles or abstracts of a P « upre Df Tvpe 1 4 percent 
staff papers, about 86 percent o the Journ. s vere o Typ^l. p 
of Tvpe 2, 5 percent of Type 3, and 5 percent or ui. ,r 
NIH grantee papers, the corresponding percentages were 83, 5, 1<* 3* 

Language of Publication 

English is the primary language in roughly 90 percent of the journal! 
in which NIH staff papers appeared, compared with 70 percent of the Jour
nals containing NIH grantee papers. 

DISCUSSION 

Definitions of Subject Fields and Their Literatures 

Figures on the size and growth of the literature of a subject-matter 
field, narrow or broad, must be interpreted cautiously when they are baled 
on subjective definitions, e.g., the biomedical literature aa convention
ally defined. Although an individual may feel that he has a clear Idea of 
the boundaries of a given field, no two individuals are likely to agree 
exactly when asked to determine which of a group of documents should be 
considered as falling within the field. Nor can one assume that the clas
sification decisions of an individual or group do not change with tlas. 
In addition to these considerations, the great practical difficulties in 
approaching complete enumeration of the documents in any field must be 
appreciated when one tries to assess changes using data based on subject-
matter classifications. 

For the purpose of this study, we wanted serial measurements of the 
volume and character of printed matter that could be interpreted func
tionally, i.e., measures (1) of the information produced by the biomedi
cal research community (output) ; (2) of the information used by. or po
tentially useful to, this population (input); and (3) of the loads on 
information services for this population A(,ih0 e v 7 loaas 
renrndiif nh-il it-v of fi„ tT p"puj-aclon• Aside from the inherent non-reproaucibliity ot figures based on class1flr<an^ A . . ~ c ,v 
available data on numbers of journals or nItt T declalona' of th 
this kind of interpretation, except with regard to ?0 t .  d  t h e m s e l v e s  t 
services. Such services (e g librar-il a u 8 °" lnfonMtlon 

ices) generally use subject-matter defi"' it? abstracting-indexing serv-
thereby determine the load they must handle?1* '° deltmit thelr 8COpe " 

By using operational definition* 
ures of the information output of th*'u!* ?V6 develoPed some crude meal 

P f the biomedical research community. Tc 
* Some periodicals devoted primarilv to k 

elsewhere also carry review artielp abstract» of articles published 
Medicine. s» e-g-, Excerpta an(j Modert 
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characterize the input similarly is considerably more difficult and was 
not attempted, although it is feasible. Information actually used can be 
determined by observation; by interviews, questionnaires, and diaries: and 
by citation studies. Potentially useful information can be identified by 
giving members of the community a large number of documents and learning 
which they find useful. A few small studies of information input to bio
medical research workers have been done, e.g., Glass's study, "How Scien
tists Actually Learn of Work Important to Them" (8), but the data on input 
accumulated thus far are inadequate for generalization and for assessing 
trends. We therefore concentrated on assessing the load on information 
services, using the best available data from previous studies, and on 
characterizing the document output of the biomedical community, using 
data on the samples of literature we have operationally defined. 

Growth in Number of Biomedical Serials 

Little effort is warranted in attempting to reconcile carefully the 
considerable differences between figures for the number of biomedical 
serials extant in a given year (Table V-l). The four studies were based 
on somewhat different interpretations of what is "biomedical" and "sub
stantive." Inasmuch as journals considered "non-substantive" number in 
the thousands (2,3), a considerable variation between the results would 
be expected even if all had been derived from the same collections, which 
they were not. But these differences do not explain why both figures for 
1957 are lower than those for either 1950-1951 or 1960-1961. Only for the 
1950-1951 and 1960-1961 figures that are based on "Biomedical Serials, 
1950-1960" can one be certain that the compilers' criteria were the same 
for the different years. Using the figures from this single source, the 
increase for the whole decade was 7 percent, with an uncertainty o -
percent arising from ambiguity of the founding dates of a num er o jour 
nals. Taking the lower figure for 1950-1951 and the higher igure or 
1960-1961, the increase would be 30 percent.* If the 1957 ^ures a 
excluded, only two points remain to establish the s ape o e 
curve. It could be exponential, but, whether the over-a r 11 ttle 
10 years is 3.5 or 30 percent, the slope of the curve would bear little^ 
resemblance to that so often used to depict the exp o 
literature. 

In 1879, Billings counted 850 blooedlo.1 
crease of around 30 percent each decade since check inter-
1950-195! figures. Unfortunately, we have no S-d data^check^ 
mediate points of the curve and establish ^ . r t^at growth 
dence, however, to support the alternative ypo ' 1950. The most 
«. initially »ore rapid but sieved at acne (10) sup-
recent census of the world s scientific have taken place. This 
ports the idea that an unrecognized slowing m y scientific and tech-
careful study indicated that the total number gocial sciences) is 
nical serials alive today (excluding t ose .ous estimates of 100,000. 
closer to 35,000 (t 10 percent) than to th p lications in counting the 
The previous overestimations are explai 

Table V-l) indicate 
* The compilers' comments on the low f^stimation. 

that it represents a significant underestimation. 
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ion  of  per iodicals  tha t  do not  
car rying of  dead t i t les ,  and the  inc  us  P r l c e ' s  now-famous cum 
qual i fy  as  sc ient i f ic  or  techn!  s c i e n t i f i c  per iodicals  (11) should  be 
showing the  exponent ia l  growtn 
correc ted  for  recent  years-

The re la t ive ly  s low recent  increase  suggested  by the  bes t  data  on 
b iomedical  ser ia ls  for  1950-1951,  and 1960-1961 (Table  V-l )  and by the  
da ta  on shel f  space  are  consis tent  wi th  th is  hypothes is .*  

Geographical  Dis t r ibut ion of  Ser ia l  Publ ica t ion 

l i shed^the  ^S^hen"added '"To theT^V" b l ° n e d l C * 1  *****  ̂  
born between 1950 and I960 were  forpi  "  8 °  p e r c e n t  o £  t h e  , e r l  

decrease  in  the  quant  i t  a t iwp t  e L 8 n > m a y indicate  a  t rend toward a  
publ isher  s„a  ~  

*The Nat ional  Library  of  Medic ine  has  fo . , r ,H , -v .  
measure  for  growth of  the  l i te ra ture-  k S h e l f  6 P a C C  L ® *  '  
for  i t s  col lec t ions  of  around 25 years^)  e s t i -^ ted  a  doubl in)  
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Increase in  Number of  Papers  

No sui table  f iguies  on the total  number of  U.S.  and foreign bio
medical  papers  are  avai lable ,  except  for  1950-1951 and 1957,  and these 
do not  appear  to  be comparable .  Shi l l ing 's  data  on 61 selected U.S.  bio
medical  journals ,  which indicated a  31-percent  increase in  10 years  (7) ,  
would not  seem general izable  for  e i ther  U.S.  or  world biomedical  journals .  
His  sample consis ted of  wel l -es tabl ished,  re la t ively large journals ,  which 
publ ished an average of  153 ar t ic les  each in  1960,  compared with an average 
of  58 for  a l l  journals  covered by Index Medicus in  1957 (3) .  The es t i 
mates  developed in  Staff  Paper  No.  I l l  for  the output  of  the  U.S.  bio
medical  research Community indicate  a  more rapid growth for  this  segment  
of  the  biomedical  l i terature  (from 32,000 in  1957 to  52,000 in  1961) .  
For  the l i terature  of  dynamic subject-matter  f ie lds ,  such as  cardiovas
cular  agents  and psychopharmacology,  the increase in  the number of  papers  
during the per iod 1950-1960 is  considerably greater  than that  of  U.S.  
biomedical  research output  in  general .  I t  is  interest ing to  speculate  
that  the peaks in  output  may be re la ted to  fundamental  discoveries;  e .g . ,  
the 1950 peak in  the cardiovascular  l i terature  fol lowed the discovery of  
potent  ant ihypertensive agents  (12) .  Other  f ie lds  show a  more uniform 
and less  rapid growth;  and undoubtedly there  are  f ie lds  in  which the 
amount  of  l i terature  decreased during this  10-year  per iod,  but  b ibl i 
ographies  and abstract ing-indexing services  are  seldom cont inued for  
f ie lds  in  which interest  i s  decl ining.  Pol iomyel i t is  may be an example 
of  such a  f ie ld .  The l i terature  c i t ing service for  this  f ie ld  was d is
cont inued in  1962.  

A Paradox 

The exis tence of  many biomedical  subject-matter  areas  that  are  grow
ing rapidly,  while  biomedical  l i terature  as  a  whole i s  increasing much 
more s lowly poses  a  superf ic ia l  paradox.  The explanat ion hinges marnly 
»„ four  (1)  of  th«%au b«h"s;  
mutual ly  exclusive,  i .e . ,  papers  counted in  y n a A o n  w i fh  t ime 
(2,  b ibl iographlc  j iervice.  for  areas  tan «  bro^wlth .  

subject-matter  areas  fa l ls  biophys i c s ,  mental  heal th ,  
biomedical  l i terature ,  e .g . ,  the l r tera  l i teratures  of  act ive 
and e thet  %rld g l„ g"  f i e ld s ;  and W fields ,  
f ie lds  are  par t ia l ly  counterbalanced by 

Relat ion to  the Biomedical  Ll tera  __ rLcent  of  the 
le  coverage of  Index Medicus represen output  of  U.S.  biomedical  
tomedical  l i terature ,  i t  can be seen tha ^  t h e  t i t les  l is ted 
^search fa l ls  largely within this  u n  v®, * a n ( j  i n  staff  Paper  No.  VIII  
i Appendix V-C are covered by Jndex Me > rs listed in NIH Re-
J have shown that  about  88 percent  o  a  , p x  Medicus.  There are  im-
^arch Grants  Index,  1962,  were c o^ e^ e^ -Laical  research output  extends 
sr tant  d i f ferences,  however ,  in  that  
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„i ^«finps of biomedical literature, into math-
f,r beyond the conven o sciences. As more physical and social 

S S E . U i ' . « » — c h < - 1 1 1  
crease. 

. nf nntput Of NIH intramural and Extramural Research. 
Appendix V-C reveals that a large common core of titles publish most of 
the output of these two populations, and presumably of the U.S. biomedical 
research community. Many of the differences may be explained by the spe
cial research interests of the intramural research staff and by the fact 
that the NIH staff bibliography, unlike the Grants Index, does not list 
abstracts of oral reports at meetings. The high ranking of a number of 
journals in the Grants Index,such as Federation Proceedings, Clinical 
Research, and Bacteriological Proceedings, is explained by the large 
number of meeting abstracts they publish. NIH staff papers are less 
scattered than those of NIH grantees: a lower proportion go to foreign 
j o u r n a l s ;  a n d  b a s i c  s c i e n c e  j o u r n a l s  a r e  m o r e  f a v o r e d .  

Character of the Papers Listed in NIH Research Grants Index. Although 
it was not possible to look up individual citations and determine what 
proportion are either meeting abstracts or brief, preliminary reports, 
such as the "reports" in Science, the analysis by type of journal, to
gether with the distribution of the papers among Journals, indicates that 
probably up to 20 percent of all the papers fall into these categories. 

CONCLUSIONS 

(1) From 1950 to 1960, the total number of biomedical serials, as 
conventionally defined, probably increased by less than 20 percent. There 
are suggestions that the growth rate of biomedical serials decreased at 
some time before 1950. 

biomedicalSame period> the increase in the total number of 
articles, similarly defined, probably did not exceed 30 percent. 

more Rapidly! Uterature of "rtain more restricted fields has increased 

research comminit^are^n*1 ^ thC ma^or se8®®nt of the U.S. biomedical 
the world's scientific <; nce"trated a relatively small proportion of 
ing their way into publicatl S" ^ignificant numbers, however, are find" 
in the conventional sense C Would not *** considered biomedical 
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APPENDIX V-A 

AVM II Q RTOMEDICAL SERIALS THAT HAVE 

Part I: Examples of Serials Born After 1950 {Foreign) 

Jornal de Historia da Medicina 
J. of the All-India Institute of Mental Health 
Journal of Analytical Psychology (London) 
J. of Cardiovascular Surgery 
J. of Child Psychology and Psychiatry, and Allied Disciplines 
J. of Chromatography 

• ;raphic Data (Supplement) 
• College of Radiologists of Australasia 
>guiste-Herboriste 
: Egyptian Society of Endocrinology and Metabolism 

J. of 
J. du 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. de 
J. of 
J. of 
J. of 
J. of 
J. of 
J. Me< 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 

Hygiene, Epidemiology, Microbiology, and Immunology 
the Indian Medical Profession 
the Institute of Science Technology 
the L.M. College of Pharmacy 

Canada s Mental Health 
Ca°adla" J°"M1 * <*»«« -d Cytology 

* Source; National L i b r a  
Washington, n « r ^e(^cine. Biomedical Serials. 1950ii2^ 

' rnment Printing Office, 1962. 
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Part X (continued) 

Canadian Journal of Microbiology 
Canadian Journal of Surgery 
Cardiologie 
Catalogue Mensuel des Traductions Effectuees Dans les Services 

et Centres 
Francais de Documentation (Doc) 
Central African Journal of Medicine 
Centre-Est Medical 
Ceskoslovenska Farmacie 
Ceskoslovenska Fysiologie 
Ceskoslovenska Hygiena 
Ceskoslovenska Morfologie 
Ceskoslovenska Parasitologic 
Chemidropha Wissenschaftliche Hausmitteilung 
Chirurgia 
Chirurgia Generale 
Chirurgia Maxillofacials & Plasties 
Chirurgische Praxis 
Chiryo Nenkan, Karento Terapi 
Chung Chi i K'an Zhongji Yikan (Medicine for intermediate 

groups) 
Chung Hua Erh Pi Yen Hou K'o Tsa Chih (Otorhinolaryngology) 
Chung Hua Fang She Hsueh Tsa Chih (Radiology) 
Chung Hua Fu Ch'an K'o Tsa Chih (Obstetrics and Gynecology) 
Chung Hua i Hsueh Tsa Chih (Medical journal) 
Chung Hua K'ou Ch'iang K'o Tsa Chih (Stomatology) 
Chung Hua Nei K'o Tsa Chih (Internal medicine) 
Chung Hua P'i Fu K'o Tsa Chih (Dermatology) 
Chung Hua Ping Li Hsueh Tsa Chih (Pathology) 
Chung Hua Shen Ching Ching Shen K'o Tsa Chih (Neurology and 

psychiatry) 
Chung Hua Wai K'o Tsa Chih (Surgery) 
Chung Hua Yen K'o Tsa Chih (Opthalmology) 
Chung i Lun T'an (Medical treatises) 
Chung i Tsa Chih (Medical journal) 
Chung Kuo Hsin i Yao (Modern Chinese medicine) 
CIBA Foundation Study Group 
Ciencia y el Arte de la Medicina 
Cirugia de Cuba 
Cirugia Panamericana 
Cirugia; Revista de Estudios Quirurgicos 

Clinica Chimica Acta 
Clinica Ginecologica 
Clinica Terapeutica Tecnica Clinico Ospedaliera 
Cliniche Moderne; Bimestrale di 
Cliniques Radiologiques 
Cor et Vasa; International 
Corse Medicale 
Crianca Surda ..f*ra 
Criminologia; Revista de Policia ien 
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Part I (continued) 

Cuadernos de Historia Sanitaria 
Culegere de Studii si Monografii de Neurologii 
Cultura Medica 
Curss 
Current Medical Practice ..... . 
Current Work in the History of Medicine 
Cybernetica 
Czasopismo Stomatologiczne 
Dermatologia Venezolana 
Dermato-Venerologie 
Deutsche Zeitschrift fur Akupunktur 
ACTA Physiologica et pharmacologic a Neerlandica (Bulletin) 

Part II: Examples of Serials Born After 1950 (U.S.A.) 

Journal of Abdominal Surgery 
Journal of the Albert Einstein Medical Center 

the American Academy of Gold Poil Operatora 
the American Association for Social Psychiatry 
the American Geriatrics Society 
the American Psychoanalytic Association 
the American Radiography Technologists 
Biochemical and Microbiological Technology and Engineerin 
Chronic Diseases 
Existential Psychiatry 
the Florida Academy of General Practice 

J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 
J. of 

J. of 
Colle^^u^"31 R""rCh °£ 'b' N Y' UnlV*"lty 

C a n c e r ' o f  '"lodontologr 
Carney Hospital Journal 

Circulatio^Research Geriatrics ^ograph 

"SSI SESSLT g— 
" Pta-«logy end Therapeutics 
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Part II (continued) 

Clinical Physiology 
Colorado Journal of Pharmacy 
Comparative Biochemistry and Physiology 
Comprehensive Psychiatry 
Current Anthropology 
Current Chemical Papers 
Current Studies on the Nature of Brain Function 
Current Therapeutic Research, Clinical and Experimental 
Cancer 
Cancer Chemotherapy Abstracts 
Current Scientific Literature Review; Cancer Immunology Abstracts 
Current Scientific Literature Review; Gastro-Intestinal Abstracts 
Chemical Titles 
Cholesterol as Related to Atherosclerosis; A Review of the 

Literature 
CIBA Lectures in Microbial Biochemistry 
Clinical Periodontology Monograph Series 
Cooperative Nutritional Status Studies in the Western Region 

(Bulletin) 
Copnip List 
Current Contents of Pharmaco-Medical Publications 
Current Literature, Arthritis and Related Diseases 
Current Literature: Congenital Anomalies 
Current References to Medical Literature 
Current Theory and Research in Motivation (Symposium) 
Developments in Industrial Microbiology (Symposium) 

Part III; Examples of Serials That Died Between 1951 and 1960 (Foreign) 

J. Brasileiro de Neurologia (Rio de Janeiro) 
Anadolu Klinigi (Istanbul) 
J. de Medicina de Pernambuco (Recife) Portuguese, panis 

English 
J. Odonotologico (Rio de Janeiro) 
J. All-India Inst. Mental Health 
J. Association of Medical Women in India 
J. Ayurveda 
J .  I n t ' l  C a t h .  C t r .  f o r  Assistance to the Hanseman 
J .  I n t ' l  d e  C h i r u r g i e  d u  T h o r a x  
J .  I n t ' l  C o l l .  o f  S u r g e o n s  o f  T h a i l a n d  (Bombay) 

J .  o f  J . J .  G r o u p  o f  H o s p .  *  
J. of Japanese Obstetrical & Gynecological Society 

J. M.P. Homoeopathic Board 
J. Medical Syndicate of Egypt 
J. of Mysore Medical Association 
J. Nair Hospital Dental College 
J .  N a t ' l  Association of Opticians 
J. Scientific Research 
J. Sex Education 
J. Shinshu University 
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Part III (continued) 

J. Stanley Medical College 
J. de Therapeutique Francais 
J. Univ. of Malaya Dental Soc. 
Journees Medicales de la Faculte Francaise de Medecine 
Juventud Odontologica 
Jornal de estomatologia 
Canadian J. of Botany 
Canadian J. of Chemistry 
Canadian J. of Physics 
Canadian J. of Zoology 
Cancer Progress (London) 
Cancerologie 
Casistica Chirurgica 
Casopis Ceskoslovenskych Veterinaru 
Centrul de Educatie Sanitara 
0ercetari de Ftiziologie 
Ceskoslovenska Biologie 
Ceskoslovenska Hygiena, Epidemiologic, Mikrobiologie 
Ceskoslovenska Nemocnice 
Ceskoslovenska Psychologie 
Ceylon Health Topics 
Chemical & Phar. Bull. (Tokyo) 
Chen Chiu Tsa Chih 
Acta Anatomica Sinica (Chieh, etc.) 
Chieh P ou Hsueh Wen Chai (Anatomy abstracts)  
r* -J ™ ->• — „ t»J i . . y 

Ciba-Journalen 
Ciencia Medica 
Ciencia, etc. 
Ciklus, etc. 
Clinica 

Chimica e Biochimica. 
Chirurgia Suppl. 
Chung,etc. (Chinese J. of Tuberculosis) 
Chung, etc. (Chinese Medicine) 

Cuadernos de Hi5tor., 

Cuadernos de Educaci 
Cuadernos de Psicote 

Per Medici Pratici 
a 

ucacion Fundamental 
tcoterapia Cultural 

Part IV: «--- -

J' Osteopathic 
Soc- of Proctology 
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Part  IV (continued) 

J .  Child Psychiatry 
J .  Creighton U. Sch.  of  Medicine 
J .  Experimental  Analysis  of  Behavior 
J .  Family Relat ions 
J .  Federat ion of Chiropractors  
J .  Florida State Dental  Soc.  
J .  General  Physiology 
J .  Hypnosis  & Psychology in Dentistry 
J .  Micro-Dynameter  Research 
J .  Nat11 Medical  Soc. ,  Washington,  D.C. 
J .  Neuropathology and Clinical  Neurology 
J .  Philadelphia Gen.  Hosp.  
J .  Phil .  Psychiatr ic  Hosp.  
J .  Psychotherapy as a  Religious Process 
J .  Small  Animal Medicine 
J .  Social  Hygiene 
A. Jrnl .  of  Individual  Psychology (Amer.)  
Amer.  Ind.  Hygiene Assn.Qtrly 
Amer.  J .  Roentgenology & Radium Therapy 
Amer.  J .  Syphil is ,  Gonorrhea & Veneral  Diseases 
Amer.  Medicine 
Amer.  Naturopath 
Apothecary 
Art if icial  Limbs 
Cancer Control  in Pub.  Health;  papers presented at  annual  

meeting of  Public Health Cancer Assn.  of  America,  N. Y.  (1944?) 
Cancer Morbidity Series 
Cancer Research -  Supplement,  Chicago 
Child Study 
Chronicle of  Occupational  Briefs  
Core 
Cornell  Med.  J .  
Cosmetic Surgery 
Crippled Child 
Current  Medicine 
Current  Medicine for  Attorneys 
Current  Research and Development in Scientif ic  ocumen a  
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appendix v-b 

THTfflCMESS OF A YEAR'S PUBLICATION OF VARIOUS 
RTOMEDICAL JOURNALS, cm. 

Journal 

Acta Chirurgica Scandinavica 
Acta Obstetrica et Gynecologica 

Scandinavica 
Acta Ophthalmologics, 

Supplementum 
Acta Oto-Laryngologica 
Acta Paediatrica, Supplementum 
Acta Physiologica Scandinavica 
Acta Radiologics, Supplementum 
Aerospace Medicine 
American Chemical Society 

Journal 
American Dietetic Association 

Journal 
American Journal of Anatomy 
American Journal of Diseases 

of Children 
American Journal of Medical 

Technology 
American Journal of Ophthal

mology 
American Journal of Physical 

Medicine 
American Journal of Public 

Health and the Nation's 
Health 

American Journal of the 
Medical Sciences 

American Medical Association 
Journal 

American Surgeon 
Anatomical Record 
Anes thesiology 

•' ^ermatologle et de 
Syphiligraphie 

Annals of Biochemistry end 
Experimental Medicine 

and Parasitology Medlcl,le 

A rBaiL £" e? H y 8 i M e  Bakteriologie 
Archiv fuer Kreislauffors . 
Archives d«Anatomie ^ 8 

et d'Embryologig 

1941 1946 1951 1956 1.961 

3 .2  2 .8  2 .6  3 .2  2.8 

2 .7  4 .0  4 .1  4 .1  5.1 

1 .3  
2.8 
7.2 
2 .1  
2.5 
1.4 

2 .0  
4 .0  
6.0 
2 .0  
3.0 
1 .6  

.4  
2.6 
2.4 
3.7 
.8  

2 .1  

.1  
2.6 
2.0 
3.3 
3.6 
2 .0  

2.7 
3.3 
3.0 
3.8 
4 .1  
5.0 

8 .0  8 .5  13.1 20.8 17.6 

5 .4  
5 .3  

5 .7  
4 .8  

4.7 
5.6 

5 .1  
5 .4  

5.1 
1.9 

11.8 6 .8  6.5 5 .7  8.0 

1 .9  4 .2  1.7 2 .3  1.9 

6 .5  6 .0  8 .0  9.7 10.2 

3 .0  2 .5  3.4 2 .7  1.8 

5 .0  8 .7  6.8 7 .0  7.8 

6 .6  5 .6  5.4 5 .4  6.1 

26.0 
4 .5  

10.4 
3 .5  

26.9 
4 .7  
9.8 
3 .0  

22.9 
5 .1  

11.0 
3.7 

21.2 
6 .0  

10.5 
3 .8  

18.7 
3 .8  
6 .6  
4 .6  

3 .5  3 .9  5 .3  5-2 4.2 

1 .4  .5  1.2 1 .0  2.2 

6 .0  4 .4  5.8 5 .2  5-5 

2 .0  3 .3  2.4 2 .4  2.4 

1 .5  
3.7 

1 .7  
1 .9  

3 .3  
1 .6  

3 .4  
2 .0  

3-4 
2-6 

1 .5  2 .0  1 .3  1 .0  2-5 
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Journal  1941 1946 1951 1956 1961 
Archives des Maladies du 

Coeur e t  des Vaisseaux 
Archives of  Diseases in 

1.0 3.0 6.5 6.3 7.4 
Childhood 1.7 1.6 4.3 3.1 3.6 

5.8 Archives of  Otolaryngology 5.0 7.1 6.5 4.8 
3.6 
5.8 Archives of  Physical  Medicine 

6.5 4.8 
3.6 
5.8 

and Rehabil i tat ion 3.3 2.5 2.5 2.5 3.7 Archivo I tal iano di  Anatomia 3.7 

e  di  Embriologia 4.0 1.0 2.1 2.0 2.2 
Austral ian Journal  of  Experi

2.2 

mental  Biology and Medical  
Science 1.5 2.5 3.6 3.7 5.3 

Beitraege zur Klinik der  Tuber-
kulose und Spezif ischen 
Tuberkulose-Forschung 3.8 3.7 3.1 3.6 2.4 

Bibliotheca Opthalmologica .5 .7 1.7 3.7 1.6 
Biological  Bullet in 5.7 6.0 3.8 3.8 4.5 
Brain 2.6 2.0 2.6 3.8 4.3 
Bri t ish Journal  of  Dermatology 2.0 3.1 2.7 2.4 2.5 
Bri t ish Journal  of  Ophthal

mology 3.2 4.0 3.1 3.4 3.3 
Bri t ish Journal  of  Urology 1.5 1.5 2.2 2.5 2.7 
Brun's  Beitraege zur Klinischen 

Chirurgie 4.9 4.1 4.6 4.4 4.6 
California Medicine 5.4 6.9 3.4 3.8 3.4 
Canadian Medical  Associat ion 

Journal  6.2 6.5 4.9 7.4 12.3 
Cellule 2.1 1.9 2.1 2.0 2.4 
Chromosoma 1.3 1.5 1.4 1.0 3.1 
Dermatologica 4.1 2.5 4.2 5.4 5.1 
Deutsche Gesellschaft  fuer  

3.0 Innere Medizin Berhandlungen 2.8 1.8 2.3 3.0 4.2 
Deutsche Zeitschrif t  fuer  

2.4 4.2 Nervenheilkunde 2.8 2.0 2.6 2.4 4.2 
Diseases of  the Nervous System 2.4 1.5 1.4 1.  6 

2.3 
2.9 
6.0 
1.5 

2.2 
3.0 
2.0 
4.8 
2.0 
O / .  

Endokrinologie 
Folia  Haematologica,  Leipzig 

3.8 
2.0 

2.0 
1.5 

2.1 
2.4 
2.9 
1.4 

1.  6 
2.3 
2.9 
6.0 
1.5 

2.2 
3.0 
2.0 
4.8 
2.0 
O / .  

Gastroenterologica 
Growth 

1.7 
3.4 

2.6 
2.5 

2.1 
2.4 
2.9 
1.4 

1.  6 
2.3 
2.9 
6.0 
1.5 

2.2 
3.0 
2.0 
4.8 
2.0 
O / .  

Hawaii  Medical  Journal  2.1 2.4 2.0 2.7 
Q 1 

Z. 4-
3.6 
3.0 Helvetica Medica Acta 3.9 3.3 3.1 J. 1 

3.0 

Z. 4-
3.6 
3.0 

Human Biology 4.8 1.5 2.7 
J. 1 
3.0 

Z. 4-
3.6 
3.0 

Indiana State Medical  
Associat ion Journal  3.0 6.6 5.4 9.3 6.8 

International  College of 
3.1 10.2 11.3 12.1 

Surgeons Journal  2.2 3.1 10.2 11.3 

Iowa State Medical  Society 
4.6 

.5 
1.7 

O "3 3.2 
5.0 
4.0 

4.0 
Journal  

Journal  de Physiologie 
Journal  of  Anatomy 

2.7 
.7 

3.7 

4.6 
.5 

1.7 

Z • o 
4.1 
3.2 

3.2 
5.0 
4.0 

5.4 
4.4 
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Journal 

Journal of Biological 
Chemistry 

Journal of Cellular and 
Comparative Physiology 

Journal of Comparative 
Neurology 

Journal of Food Science 
Journal of Immunology 
Journal of Laboratory and 

Clinical Medicine 
Journal of Mental Science 
Journal of Neurology, Neuro

surgery, and Psychiatry 
Journal of Obstetrics and Gynae

cology of the British Common
wealth 

Journal of Pediatrics 
Journal of Thoracic and Cardio

vascular Surgery 
Klinische Monatsblaetter fuer 

Augenheilkunde 
Langenbeck's Archiv fuer 

Klinische Chirurgie 
Los Angeles Neurological 

Society Bulletin 
Mayo Clinic, Bulletin 
Medical Economics 
Medical Library Association, 

Bulletin 
Medicine (Baltimore) 
Michigan State Medical Society 

Journal 
Modern Concepts of Cardio

vascular Disease 
Monatsschrift fuer Ohrenheil-

kunde und Laryngo-Rhinologie 
Naunyn-Schmiedeberg1s Archiv 

fuer Experimental Pathologie 
und Pharmakologie 

New England Journal of 
Medicine 

New York State Journal of 
Medicine 

N°r?r^tern University School 
of Medicine Quarterly 
Bulletin 

Ophthalmological Society of 
the United Kingdom Transac
tions 

Parasitology 

1 9 4 1  1 9 4 6  1 9 5 1  1 9 5 6  1 9 6 1  

2 0 . 5  1 6 . 3  2 5 . 4  3 1 . 3  1 7 . 6  

2 . 0  4 . 6  7 . 3  7 . 1  4 . 0  

6 . 0  
3 . 4  
8 . 4  

5 . 5  
2 . 5  
7 . 2  

5 . 3  
2 . 8  
8 . 7  

8 . 8  
3 . 6  
6 . 4  

4 . 4  
3 . 0  
8 . 4  

8 . 5  
2 . 1  

7 . 0  
4 . 7  

9 . 0  
4 . 3  

8 . 6  
4 . 2  

1 0 . 3  
4 . 7  

1 . 3  2 . 0  2 . 0  1 . 7  2 . 0  

4 . 6  
7 . 4  

4 . 8  
9 . 4  

7 . 0  
6 . 9  

6 . 4  
6 . 6  

6 . 6  
8 . 2  

3 . 7  2 . 0  5 . 8  6 . 9  7 . 4  

2 . 3  5 . 9  6 . 9  7 . 8  7 . 5  

3 . 0  2 . 0  1 0 . 4  4 . 3  9 . 8  

1 . 3  
4 . 1  
7 . 9  

1 . 0  
2 . 8  
7 . 5  

2 . 0  
2 . 5  
7 . 5  

1 . 2  
3 . 0  
6 . 8  

1 . 4  
3 . 5  
7 . 9  

3 . 6  
3 . 0  

2 . 0  
3 . 0  

2 . 3  
3 . 1  

3 . 1  
3 . 0  

3 . 6  
3 . 0  

3 . 9  6 . 4  5 . 2  6 . 5  4 . 6  

. 5  . 5  . 6  . 4  . 5  

2 . 6  2 . 8  1 . 4  1 . 7  3 . 0  

8 . 5  6 . 4  4 . 1  6 . 1  5 . 8  

1 1 . 3  1 1 . 3  9 . 2  1 0 . 6  1 0 . 8  

5 . 0  5 . 0  1 4 . 1  1 2 . 8  1 2 . 0  

3 . 0  2 . 1  2 . 0  2 . 1  2 . 0  

2 . 1  
2 . 8  

3 . 4  
1 . 3  

4 . 7  
2 . 0  

4 . 9  
2 . 7  

4 . 5  
3.0 
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journal 

Physiological Reviews 
Psychiatria et Neurologia 
Psychoanalysis and the 

Psychoanalytic Review 
Quarterly Journal of Micro

scopical Science 
Radiography 
Revue de Chirurgie Orthopedique et 

Reparatrice de l'Appareil 
Moteur 

Rio de Janeiro Instituto 
Oswaldo Cruz, Memorias 

Royal Society of Medicine 
(London), Proceedings 

Scwheizer Archiv fuer Neurol-
ogie, Neurochirurgie und 
Psychiatrie 

Societe de Biologie, Comptes 
Rendus Hebdomadaires des 
Seances et Memoires 

South Carolina Medical 
Association Journal 

Strahlentherapie 
Surgical Clinics of North 

America 
Virchows Archiv fuer Path-

ologische Anatomie und 
Physiologie und fuer 
Klinische Medizin 

Western Journal of Surgery, 
Obstetrics and Gynecology 

Wisconsin Medical Journal 
Zeitschrift fuer die Gesamte 

Experimentelle Medizin 
Zeitschrift fuer Immunitaets-

forschung und Exper iroentalle 
Therapie 

Zeitschrift fuer Kreislauffor-
schung 

^eitschrift fuer Orthopaedie 
und Ihre Grenzgebiete 

eitschrift fuer Zellforschung 
und Mikroskopische Anatomie 

Totals 

1941 1946 1951 1956 1961 
3.7 
1.4 

2.8 
1.8 

2.3 
4.3 

3.6 
4.3 

3.1 
5.2 

4.3 4.1 2.6 4.2 4.6 
2.0 
.9 

2.6 
1.4 

2.8 
1.4 

3.8 
2.3 

3.6 
3.5 

1.6 1.9 3.3 5.0 3.8 

4.5 4.6 4.0 3.8 2.5 

6.3 6.0 4.7 5.2 4.8 

4.1 2.3 4.2 4.4 4.4 

8.3 7.5 8.8 10.1 11.2 

2.9 
3.5 

3.4 
3.3 

2.3 
7.1 

2.3 
5.8 

2.1 
9.1 

8.7 7.3 8.4 7.5 7.8 

4.1 3.0 3.9 4.3 2.6 

4.2 
4.4 

2.8 
6.2 

3.7 
5.4 

3.8 
5.6 

2.1 
3.1 

3.1 3.2 4.8 4.9 2.6 

3.5 3.0 2.8 1.5 4.6 

4.0 3.1 4.5 4.6 6.5 

2.1 2.6 5.2 4.5 6.0 

2.3 2.3 2.4 6.1 11.3 
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APPENDIX V-C 

PUBLICATTONS MOST OFTEN REFERRED TO IN THE NIH GRANTS INDEX FOR 
,<,» AND TN THE NTH ™FF BIBLIOGRAPHY FOR 1961 

The following is . composite list of the 100 publications .oat 
often referred to In the »IH Research Grants Index for fiscal year 
1962 and the 111 publications (including ties) most often referred 
to in the NIH staff bibliography for 1961. The publications are 
ranked in order of reference frequency (1» most frequent; 2, next; 
etc.). Most of the publications are indexed by Index Medicus; those 
not listed in the January 1963 issue are indicated by an asterisk (*) 

Publication 

Rank (by frequency 
of reference) 

Grants Staff Bib-
Index liographv 

Number of 
References 

Grants 
Index 

Staff Bib-
1iography 

Federation Proceedings 1 43 1064 7 
Proceedings of the Society for 

Experimental Biology and 
Medicine 2 5 475 40 

Journal of Biological Chemistry 3 1 429 62 
Biochimica et Biophysica Acta 4 2 399 46 
Nature 5 3 387 43 

American Journal of Physiology 6 9 296 26 
Journal of Clinical Investigation 7 6 241 34 
Clinical Research* 8 187 
Endocrinology 9 38 182 8 
Biochemical and Biophysical 

38 182 

Research Communications 10 11 178 25 

Science 
10 23 

Circulation: Journal of the 
10 12 178 23 

American Heart Association 
Journal of Organic Chemistry* 
Anatomical Record 

12 
13 
14 

24 
7 

177 
167 

12 
29 

Archives of Biochemistry and 

12 
13 
14 ~ "* 165 

Biophysics 
15 19 

Biophysics 
15 15 164 19 

Proceedings of the National 
Academy of Sciences (USA) 

Circulation Research 16 
17 

7 
Academy of Sciences (USA) 

Circulation Research 16 
17 

43 153 7 

Journal of Laboratory and 
Clinical Medicine 

16 
17 22 135 13 Journal of Laboratory and 

Clinical Medicine 
17 28 135 10 
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Pnhlicat Ion 

Rank (by frequency 
of reference) 

Grants Staff Bib-
Index llographv 

Number of 
References 

journal of the American Medical 
Associat ion 

Bacteriological Proceedings* 20 

Journal of Experimental Medicine 
Virology 
New England Journal of Medicine 
Surgical Forum 
Journal of Bacteriology 

Journal of Pharmacology and 
Experimental Therapeutics 

Biochemical Journal 
Journal of Clinical Endocrin

ology and Metabolism 
Journal of Immunology 
Cancer Research 

Physiologist 
American Journal of Cardiology 
American Zoologist* 
Blood 
Surgery 

Journal of Biophysical and 
Biochemical Cytology 

Annals of the New York Academy 
of Sciences 

Journal of Parasitology 
Journal of Cell Biology 
Gastroenterology 

Biochemical Pharmacology 
Biochemistry 
Excerpta Medica 
Annals of Surgery 
^erican Journal of Diseases of 

Children 

Experimental Cell Research 
erican Heart Journal 
erican Journal of Pathology 

laboratory Investigation 
Journal of Nutrition 

21 
22 
23 
24 
25 

25 
27 

28 
29 
30 

31 
32 
32 
34 
35 

36 

37 
38 
39 
40 

41 
42 
42 
44 

45 

45 
47 
48 
48 
50 

24 

24 
22 
28 
56 
38 

15 

90 
28 
13 

38 
73 

28 
35 

35 

90 

56 
90 

73 

Grants 
Index 

134 
131 

122 
117 
113 
112 
108 

108 
106 

98 
97 
96 

95 
92 
92 
87 
85 

83 

80 
79 
78 
77 

76 
75 
75 
73 

72 

72 
70 
69 
69 
67 

Staff Bib
liography 

12 

12 
13 
10 
5 

19 

3 
10 
22 

10 
9 
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Publication 

Rank (by frequency Number of 
:es 

Journal of the National Cancer 

Institute 
Lancet 
Journal of Investigative 

Dermatology 
Metabolism 
American Journal of Medicine 

Grants Staff Bib Grants Staff Bib-

Index liography Index liograDhy 

50 4 67 41 

50 56 67 5 

53 56 63 5 

53 56 63 5 

55 50 62 6 

Journal of Thoracic and Cardio
vascular Surgery 

Pediatrics 
Archives of Pathology 
Archives of Internal Medicine 
Cancer Chemotherapy Reports 

Journal of Comparative and 
Physiological Psychology 

Journal of Histochemistry and 
Cytochemistry 

Journal of Dental Research 
Surgery, Gynecology, and 

Obstetrics 
Proceedings of the American 
Society for Cancer Research* 

Journal of Pediatrics 
Annals of Internal Medicine 
Journal of Molecular Biology 
Arthritis and Rheumatism 
Genetics 

Biological Bulletin* 
Journal of Cellular and 

Comparative Physiology 
American Journal of Veterinary 
Research 

Journal of General Physiology 
Radiation Research 

American Journal of Clinical 
Nutrition 

Archives of Surgery 

Journal of Lipid Research 

55 
55 
58 
59 
60 

61 

62 
63 

64 

65 

66 
67 
67 
69 
69 

71 

71 

73 
73 
73 

73 

9 

20 
24 

73 

43 

73 

50 

73 

62 
62 
61 
59 
58 

57 

56 
55 

54 

53 

52 
51 
51 
49 
49 

46 

46 

45 
45 
45 

4 

26 

14 
12 

7 

4 

76 56 44 5 
76 44 - -

76 50 44 6 
79 - - 43 

- -

79 28 43 10 
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p. ib 1 lea t Ion 

K.anK ^Dy rrequency 
of referenced 

Grants Staff Bib-
Index liography 

Proceedings of the 5th Interna
tional Congress in Biochem
istry* 

American Journal of Obstetrics 
and Gynecology 

Pharmacologist* 
American Review of Respiratory 
Diseases 

Archives of Neurology 

General and Comparative Endo
crinology 

Psychological Reports* 
Analytical Chemistry* 
Journal of Physiology 
Experimental Neurology 

Investigative Ophthalmology 
American Journal of Surgery 
Cancer 
Perceptual and Motor Skills 
Acta Endocrinologica 

Electroencephalography and 
Clinical Neurophysiology 

Journal of Neurophysiology 
Journal of Protozoology 
Journal of Surgical Research 
Experientia (Basel) 

Journal of the American Chemical 
Society* 

African Journal of Hygiene 
American Journal of Tropical 
Medicine and Hygiene 

Public Health Reports 
rchives of General Psychiatry 

Archives of Ophthalmology 
ournal of Abnormal and 
Social Psychology 

Biochemical Preparations* 
Enzymes* 

Journal of Applied Physiology 

Journal of Infectious Diseases 

79 

82 
83 

95 
95 
95 
95 

100 

Amer lean Journal of Public 
Health 

50 
38 

73 

8 
14 

17 
19 
28 

35 

38 
43 
43 
43 

43 

50 

Grants 
Index 

43 

Number of 
References 

42 
41 

32 
32 
32 
32 
31 

Staff Bib
liography 

84 28 40 10 
85 56 39 5 

86 37 _ _ 

86 73 37 4 
88 50 36 6 

88 56 36 5 

90 18 35 17 

90 • • 35 — 

92 - - 33 — 

92 20 33 14 

92 33 - -

95 - - 32 " "" 

28 
20 

18 
15 
10 

7 
7 
7 

7 

6 
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Publication 

Number of 
References 

Rank (by frequency 
of reference) _ 

Grants Staff Bib- Grants Staff Bib-
Index liography Index liographv 

56 

56 
56 

5 
5 

American Journal of Clinical 
Pathology 

American Journal of Hospital 
Pharmacy* 

American Journal of Nursing 

Bacteriological Review 
Biophysical Journal 
Experimental Parasitology 
Journal of Chronic Diseases 
Journal of General Microbiology 

56 — 5 
56 - -  5 
56 — 5 
56 -  5 
56 — 5 

Oral Surgery, Oral Medicine and 
Oral Pathology 

Anesthesiology 
Atti del X Congresso della Lega 

Internazionale Contro il 
Rheumatism* 

Epilepsia 
Journal of Consulting 

Psychology 

Journal of Gerontology 
Journal of Psychiatric Research 
Medical Clinics of North 

America 
Neurology 
Pathologie et Biologie 

Acta; Unio Internationalis 
contra Cancrum 

American Journal of Human 
Genetics 

Annual Review of Medicine 
Annual Review of Pharmacology* 
Antimicrobial Agents Annual 

Archives of Oral Biology 
Child Development 
Clinical Pharmacology and 

Therapeutics 
Gerontologist* 
Hospitals 

International Bulletin of 

56 — 5 
73 — 4 

73 — 4 
73 — 4 

73 — 4 

73 — 4 
73 — 4 

73 — 4 
73 — 4 
73 - -  4 

90 — 3 

90 — 3 
90 — 3 
90 - -  3 
90 - -  3 

90 — 3 
90 - -  3 

90 — 3 
90 — 3  

90 — 3 

90 — 3 
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Rank (by f requency Number  of  
° f :  reference 1 )  References  

Grants  Staf f  Bib-  Grants  Staf f  Bib-
Publica t ion Index l iographv Index l iography 

journal of Neurochemistry - -  90 — 3 
Journal of Neuropathology and 

Experimental Neurology - -  90 -  3 
Journal of  Periodontology* - -  90 — 3 
Mental Hygiene " 90 - -  3  

Radiology "" 90 - -  3  
Stain Technology " 90 - -  3  
Transactions of the New York 

Academy of Sciences - -  90 - -  3  
Transfusion "" 90 -- 3 
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June 11, 1963 
(Revised November, 1963) 

NAS-NRC Study of Communication Problems in Biomedical Research 

Staff Paper No. VI 

SECONDARY DISTRIBUTION OF BIOMEDICAL DOCUMENTS* 

INTRODUCTION 

The term "information retrieval" is currently used loosely to apply 
to any service or device for performing one or more of the following 
functions: (1) finding references to documents that may contain the in
formation desired by the user; (2) supplying documents for which refer
ences are known; and (3) providing the specific information required to 
answer a given question. In the literal sense, only the last unction 
constitutes true information retrieval. The first function is better 
called reference retrieval, and the second should be referred to as docu
ment retrieval, or secondary distribution of documentsto disting"ls 

it from primary distribution, such as a publisher provides by automatic 
distribution to journal subscribers. 

Although, to the scientist-user, re^re""tr^Je^LeStwoefunctions 
as a preliminary to document retrieval, the "solutions" to the 
must be closely coupled is often system" that supplies 
information problems of scientists. A ma represents little 
the scientist with a list of references cannot be 
in the way of a practical advance if the °® interdependence of 
obtained with ease and speed. Despite e ugsed iargely on ways to 
these two functions, current attention s ? v^ces and improvements 
provide new and improved reference retrieva assumed unnecessary, 
in document retrieval services are eit er ign 

to explore the question 
The general aims of this working paper a*. increase and change 

of how improved reference-retrieval Tl eLnine the adequacy of present 
demands for delivery of documents, an o within two years cer-
means for meeting these demands. We as®u™ services for biomedical 
tain plans for major improvements in re e ^ces wiil be utilize . 
scientists will be realized and that thes medLARS program (1) 0 

In particular, we postulate full operatio 
the National Library of Medicine (NLM). 

APPROACH 
.,11 study were: of the over-ait SLU ' 

The specific objectives of this facet o ^ ̂  

(1) to analyze the institution*Uf caib! to obtain a document, 
which the biomedical scientist 
once he has a reference to i > 

"Not for publication or publication refere 



(2)  to  assess  the re la t ive importance of  these sources;  
3)  to  descr ibe the major  ins t i tut ional ized sources  (medical  

l ibrar ies)  as  a  nat ional  "system" for  the secondary dis t r ibu
t ion of  documents ,  i .e . ,  for  del iver ing documents  on demand;  

(4)  to  determine past  t rends in  demands for  document  del ivery and 
to  est imate  the capaci ty  of  the present  medical  l ibrary system; 

(5)  to  predict  the probable  quant i ta t ive and qual i ta t ive changes 
in  the demands for  document  del ivery that  wil l  resul t  from new 
reference retr ieval  services;  and 

(6)  to  compare the capaci ty  of  the  present  system with the probable  
demands in  1965.  

Previous s tudies  were reviewed;  however ,  few were helpful  in  devel
oping this  approach.  Some biomedical  l ibrar ies  publ ish annual  reports ,  
and these were useful  when they provided data  on the number of  documents  
borrowed from, or  loaned to ,  other  l ibrar ies .  To supplement  the meager  
data  avai lable ,  we conducted a  modest  survey,  which i s  descr ibed in  the 
addendum to  this  paper .  

RESULTS AND DISCUSSION 

Scient is ts '  Sources  of  Documents  

Faced with a  need for  a  document  that  he has  ident i f ied,  for  example,  
t  roug a  reference in  an ar t ic le ,  a  scient is t  has  s ix  possible  sources  
from which to  choose:  he can 

(D 

(2 )  

(3) 

sometimes f ind i t  in  his  personal  col lect ion of  repr ints ,  
journals ,  and books;  

auH-im-C f l l e a § U e  W h°  1 1 0 7  h a v e  i l : '  o r  h e  c a n  wite  to the author  for  a  repr int ;  autnor  ror  a  repr int ;  

the documpnfP y  f r fm  t* l e  o r g a n i z a t i -on or  company that  publ ishe 
XtXi  special  services ,  for  
Department  of  Comrnerc^ ( for  tL^n '  i  S e r v i c e s  ° f  t h  
ported bv aovprnmo +. t echnical  reports  of  research sup 
tion and the Instituted' ' "J*) '  ° r  t h e  E x cerpta  Medica Founda 
l is ted by their  respectf  S C f U n t I £ 1 '=  ^formation (for  Mtlcl  
and Current  Contents)-  6  e r e n c e  services ,  Excerpta  Medic 

laboratory)  i f  i t  ha^on^ w o rking uni t"  (his  department  or  
cal l  on the resources  of  ^  • •, 
o r  t h e  1 0 3m l ibrar ies  of  h is  inst i tut io  
ut i l ize  a  local  l ibrary outs id* k-  • 

y  outs ide his  ins t i tut ion.  
Tho f i rs t  two possibi l i t*  

las t  four  represent  services  set  ^  p e r s o n a3 or  informal  sources .  The 
demand and may be considered inst i f  *X p r e s s ly t o  del iver  documents  on 

inst i tut ional ized or  formal  sources .  
A sc ient is t ' s  s t ra tee  

age of^^T S O u r c e s  depends°on d^nJ l n g  0"  t h e  ° r d e r  i n  w h i c h  h e  t r i e S  

ge the document ,  the  re la t ive^,  V ! r^ a b l as ,  including the nature  ai  
effor t  involved,  the  cost ,  the urgenc;  

(4) 

(5) 

(6 )  
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Of his  need,  h is  knowledge of  the resources  of  a  given source,  and his  
experience in  using par t icular  sources .  

Kplat ive Importance of  Sources  

Very l i t t le  object ive evidence is  avai lable  that  bears  direct ly  
on the re la t ive quant i ta t ive importance of  var ious sources ,  i .e . ,  the 
percentages of  a  biomedical  sc ient is t ' s  needs for  specif ic  documents  
that  are  f i l led by the difference sources .  The re levant  l i terature  
consis ts  largely of  more-or- less  educated guesses .  About  a l l  that  can 
be sa id  with cer ta inty is  that  local  services  - -  his  "working uni t"  
l ibrary and the other  l ibrar ies  of  h is  inst i tut ion - -  are  the major  
sources  to  which he turns  for  needs not  sat isf ied by his  informal  
sources .  

Descr ipt ion of  the  Nat ional  Biomedical  Library System 

These local  services  are  par t  of  a  funct ional  nat ional  system of  
biomedical  l ibrar ies  that  can be considered as  having two levels :  a  
"nat ional  level"  and a  " local  level ."  All  biomedical  l ibrar ies  whose 
pr imary funct ion i s  to  serve local  or  regional  communit ies  are  con
s idered local- level  components  of  the system, whereas  NLM, whose pr i 
mary mission i s  to  serve the ent i re  nat ion,  i s  the sole  nat ional- level  
component .  At  the  nat ional  level  the f low of  documents  i s  one-way 
( f rom NLM to  local- level  l ibrar ies) ;  some representat ive f igures  for  
such loans are  given in  Table  VI-1.  At  the local  level  a  given l ibrary 
may send documents  to ,  and receive them from, any other  loca 1  rairy.  
This  i s  a  s implif icat ion of  the system's  operat ion,  but  i t  is  usetu 
for  the present  type of  analysis .  

The research worker  interacts  direct ly  only with ^  
of  the  system. The services  of  NLM are  avai lable  to  r equest  
local- level  Ubr . r lee .  I t  doe.  not  te t ter  to  h i .  -he her  s  request^  
is  net  from his  own Inst i tut ional  l ibrary or  by loan £ ^  n e e d s  

°f  other  ins t i tut ions or  from NLM. His  only concern 
be met  appropriately and quickly.  

Table  VI-2 shows the total  resources  of  ^ s b^ e^ c u m ent  col lec-
system in  terms of  numbers  and types of  n  academic ins t i -
tions. One-fourth of  the local- level  l ibrar ies  _ ^  &n the 
tut ions.  These academic l ibrar ies  account  or  dis t r ibut ion of  
volumes in  biomedical  col lect ions.  The geograp 
biomedical  l ibrar ies  is  given in Appendix VI-A.  
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TABLE VI-1 

LOANS 
BY 

THE NATIONAL LIBRARY OF MEDICINE 

Type of 
Borrowing Libraries 

Federal 

Hospital 

Medical School 

Industrial and Foundation 

Academic (excluding medical schools) 

Professional 

Public 

Number of Documents Loaned 
by NLM in 1959 

17,249 

15,456 

8,284 

7,708 

2,521 

2,119 

1,465 

Source: 
in 1959.~ »1U1-

of Medicine us?P kv Operatl-on of the National Library 
insofar .. April 1,62 
» tb. classification of 
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TABLE VI-2 

Type of  
Inst i tut ion 

(D 
No.  7, 

Librar ies  

(2)  
> o f  Total  
Librar ies  

(3)  
No.  Volumes '  

Held 

(4)  
I of  Total  

MJiM 

(5)  
Average N 

Academic* 143 26.7 6,129,400 50.1 43,000 

Federal  (other  
than hospi ta ls)  

39** 7 .3  2,012,900** 16.4 26,000+ 

Professiona1 '  1 53 9 .9  1,855,300 15.2 35,000 

Hospi ta l#  241 45.0 1,558,100 12.7 6,500 

Industr ia l  44 8 .2  414,900 3 .4  9,400 

Publ ic# 7 1 .3  197,600 1 .6  28,000 

Foundat ion 8  1 .5  71,400 0 .6  8,900 

Total  535 12,239,600 

Sources  for  columns 1  and 3:  L.  Ash.  Subject  Col lect ions.  New York,  
Bowker ,  1961,  2nd ed.  and Medical  Library 
Associat ion.  Directory.  1959.  

Note:  Only l ibrar ies  l is ted in  these two sources  were included,  the 
H A O U M P B  I I U I I  U C I I I K  uiai  a  J L  1^1.0^;  **•":— 
suff ic ient ly  organized to  provide "professional"  service,  or  
too res t r ic ted in i t s  use to  be considered as  par t  of  the io  
medical  l ibrary system. 

*  Certain types of  univers i ty  l ibrar ies ,  e .g . ,  biology and biochemis y  
department  l ibrar ies ,  al though classif iable  as  biomedica 1 ,  J®"® 
eluded because consis tent  or  complete  information was no o 
Department  l ibrar ies  that  are  ident i f iable  as  medical ,  en 
pharmaceut ical  are ,  however ,  included.  

** Includes the Nat ional  Library of Medicine, whose holdings approached 
1 ,000,000 volumes in  1961 

"J" Excluding NLM 

Operated present ly  by a  profess]  
t o  serve the medical  profession 

* Private and governmental ,  including federal hospi ta ls  s  
°f the Veterans Administration 

" Libraries whose funds are derived from loca^1tp^biic 
defined their function as serving the gener 

jional society or originally 
e s t ab l i shed  

which have 
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TABLE VI-3 

INTERLIBRARY TRANSACTIONS 01' 
WAYNE STATE UNIVERSITY 

COLLEGE OF MEDICINE LIBRARY 
(JUNE 1962 - MAY 1963) 

Types of 
Libraries 

NLM 

Hospital 

Academic 

Public 

Professional 

Industrial 

Federal 

Governmental 

Foundation 

Libraries Lending 
to Wayne State 

Libraries Borrowing 

No. of 
Libraries 

1 

3 

9 

1 

1 

1 

2 

No. of 
Documents 

67 

38 

35 

18 

4 

4 

3 

from Wayne State 
No. of No. of 

Libraries Documents 

29 4,030 

16 36 

3 3 

1 2 

20 470 

2 153 

1 15 

Note: Libraries are classif-f^a u 
Table VI-2, except for t-h 6re ln the same general way as 
borrowing libraries, in 17 "governmental" among 
well as Federal, establish nonh°spital municipal, as 

' stablishments are included. 
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How the system handles a request and delivers „ 
illustrated by a series of schematics. Figure VI-1 is a flow chart' 
ehat illustrates in selected detail the large number of operettas 
that a scientist's request for a document may Initiate. it emphasizes 
the intra- and Interllbrary operations entailed when his . 
be filled by his local library (the "borrowing Itaary","nd lt"r 
local-level library or NLM (the "lending library") is asked to provide 
the document either as an original" or as a photocopy. Of course, his 
local library can obtain certain types of documents from publishers-
but borrowing from another library is much more common. The inter-' 
library loan transaction is summarized in Figure VI-2. The transaction 
is much the same whether an original document or a photocopy is ob
tained, except that the former must be returned, and securing the latter 
may require processing an invoice for charges to cover the "lending" 
library's photocopyingcosts. Table VI-3 shows the relations of one 
academic library (Wayne State University College of Medicine Library) 
with other local-level libraries and with NLM. In one year, this li
brary borrowed 102 documents from 17 other local-level libraries, 
largely in the Mid-West, and 67 documents from NLM. The total number 
of documents borrowed (169) is small compared with the total number it 
loaned to 72 other local-level libraries (4,709). (See Appendix VI-B 
for a list of all the libraries with which it dealt and for the volume 
of these transactions.) 

As would be expected, the libraries with larger collections, in 
general, borrow relatively little and are primarily lenders, whereas 
the opposite is true of the libraries with smaller collections. The 
data for Wayne State University illustrate this phenomenon, which is 
important for understanding the problems of the system; the number of 
documents Wayne State loaned to each of six smaller libraries exceeded 
the total of Its own borrowing. 

Volume of Inter library Document Flow in the System 

Table Vl-4 gives the total number of documents loaned by six 
local-level libraries that reported this statistic for t e y^sfcnew 

1958-1961, and cites the corresponding figures for . eacj1 
either the number of documents loaned or the num er orr 
of the 534 local-level biomedical libraries in the u-s" local_ 
Possible to determine the total flow of documents a™0"8 which 

el libraries (the total interlibrary flow minus N ^ • on the 
are known). Such figures are not presently availab , ^ locgl 

basis of Table VI-4, it can be seen that thelevel. 
®1 of the system must be greater than tha library a l o n e  made 

In "SI, the . of phyaicu„s of Philadelphia JtibW 
•** than one-seventh ea many loans (16,035) as HI* (W»'» > 

The total local-level flow can be roughly ^ flow is 
,  « • <  N T H  l o a n s *  i f  a  r a t i o  o f  n a t i o n a  t o  a  r a t i o  o f  

From the little evidence presently 
-—_ ^ - nti'fy individual 

published information on NLM loans (7) (\oeS tHat at least 75 per 
p raries, but the categorical breakdown in . libraries. 
ent of its loans in 1959 were to U.S. biome 
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Fig .  VI-1. SI M P L I F I E D  FL O W  CH A R T  O F  IN T R A -  A N D  IN T E R L I B R A R Y  OP E R A T I O N S  RE Q U I R E D  T O  DE L I V E R  DO C U M E N T S  

J S C  I  E N T  I  S T  |  ̂ 

RE Q U E S T S  
A C C U M U L A T E D  
F O R  
P R O C E S S  |  N G  

Q ;  
VE R I F I C A T I O N  
O F  D O C U M E N T  

NO T  IF Y  
S C I E N T I S T ,  

L E N D  T O  
S C I E N T I  S T  

T N  
C O L L E C T I  O N |  

N O  V E R I F I C A T I O N  
N E E D E D  

T 
AR R A N G E D  F O R  
V E R I F I C A T I O N  

£  
I D E N T I E L  C A T  I  O N  
I N C  O M P L E T E  

I  D E N T  I  F Y  
L E N D E R  

•i' 

LE N D E R  N O T  
I D E N T I F I E D  

4 '  
TR Y  A  
P O S S I B L E  
L E N D E R  

UUNFI LLED r  

NO T I F I C A T I O N S  
A R R A N G E D  F O R  
P R O C C S S I N G  

LE N D  T O  
S C I E N T I S T  

DO C U M E N T S  
ARRANGED 
FOR 
PROCESSING 

CIRCULATION 
FILE 

N O T I F Y  
S C I E N T I S T  

DOCUMENT 
RETURNED 

T "  
MATCH WITH 
CIRCULATION 
-LU4 

MA T C H  W I T H  
LOAN REQUEST 
FILE 

' " V O ' C C  FI L E  
COMPLETEO 
AND IN
COMPLETED 
REQUESTS 

t 

CZ1 BO R R O W I N G  L I B R A R Y  LE N D I N G  L I B R A R Y  



Fig. VI-2. The Interlibrary "Loan" Transaction 
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TABLE VI-4 

NUMBER OF DOCUMENTS LOANED TO OTHER LIBRARIES 
DURING THE YEARS 195^-l96l 

1958-1961 
Lender 1958 1959 I960 1961 Increase. 1 

College of Physicians 
of Philadelphia Library 6>926 9»161 13»359 16»035 132 

Texas Medical Center 
Library, Houston 1,683 1,973 1,746 2,374* 40 

Louisiana State University, 
School of Medicine Library 2,987 3,584 3,520 3,442 15 

Harvard University, School 
of Medicine and Public 
Health Library 1,881 1,700 2,454 1,903 1 

University of Alabama 
Medical Center Library 490** 554 601 724 48 

Wayne State University 
College of Medicine Library 3,247 3,870 3,912 4,412 36 

Total 17,214 20,842 25,592 28,890 68 

National Library of 

Medicine j 59,946 72,728 95,595 109,258 82  

Source: Annual reports of the gi given libraries 

'Interpolated frm 1960 ^ 
- Extrapolated frm 1959.1961 

t Figures are for fi.o.i 
to those for later yearf*"™ f°r 1958 is not exactly comparable 
loans in September 1957 ^ ad°pted a new policy on I n t e rlibrary 
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one loan from NLM to every three by local-level libraries seems con
servative. At this ratio, the calculated total local-level flow would 
be about 290,000 documents for 1960 and 330,000 for 1962 fwhen NLM 
loans exceeded 110,000 (3) J , making the total interlibrary flow 
380,000 and 440,000 for these years, respectively. A modest survey 
of libraries that borrowed from NLM was an attempt to establish this 
ratio, and is reported in the Addendum to this paper. 

Rela t ion  of Total Demands on Libraries to Interlibrary Loan Traffic 

The total interlibrary flow of documents represents only the 
residual demand that could not be filled by the collections of local-
level libraries. Very few of these libraries have any data on the 
proportion of document requests they meet from their own collections. 
This proportion may be called the "self-sufficiency" quotient. 
Esterquest (4) has proposed the following curve for the relation 
between the size of a biomedical collection and its self-sufficiency 
in serving research workers. 

m 3 cr 
a 
£. U 

<u to <u 
05 

<u <u X 
o •u 

JO 

> < 
t/> 0) 

o >• 

500,000 

400,000 

300,000 

200,000 

100,000 

25% 50% 

Proportion of Requests Met 

100% 

c r Strengthening Medical 
Source: Ralph T. Esterquest. t The 

Library Resources in »ev o tate. 
N.u Vnr 1, St-ate Library, Albany, 
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There are few data to test this curve, especially through its critical 
mid-portion, where most biomedical libraries lie (95 percent of biomedi
cal libraries have fewer than 100,000 volumes). In addition, factors 
other than mere numbers of volumes must also determine a library s self-
sufficiency, e.g., other characteristics of the collection (the relative 
emphasis on journals vs. books, the proportion of old material to new, 
etc.) and the nature of the scientific population served. It seems un
likely that the proposed curve is valid for other than university li
braries or even within this category of libraries, for collections that 
have been established fairly recently and have concentrated on building 
a file of the last 10 years' issues of the most frequently used biomedi
cal journals. Such collections would undoubtedly meet a much higher 
proportion of requests than those of equal size but containing more 
relatively old monographs, text books, and journal material.* 

In the absence of data on how many documents biomedical scientists 
request of libraries, an extrapolation may be attempted from the experi
ence of a single academic community. Quatman found that the average 
faculty member requested 134 items per year** from Purdue's libraries (5). 
If one assumes that the average biomedical research scientist uses a 
library as much as the average faculty member at Purdue, the 40,000 U.S. 
biomedical scientists estimated for 1960 (6) requested 5,360,000 documents 
from their libraries in that year. If each of these scientists had avail
able to him a library that could meet 95 percent of his requests from its 
own collection, the residual demand that had to be filled by interlibrary 

oans in 1960 can be estimated as around 270,000 documents. The assump-
ion o 5 percent self-sufficiency is obviously generous: but the volume 

cnmnaro C^.fU.fte<* from it: is' nevertheless, impressive and is useful to 
compare with the estimate of 490,000 documents for 1960 that we derived 
that^r11^ 1T'iese two estimates are not exactly comparable in 
fill reauestl nf °n ^ basis °* NLM loans includes documents to 
and others who tippH k-pra^itioners» as well as biomedical scientists 
Sir rSL^ents IT?*** i» this country and abroad, 
these wuld give a false a«^de ? b°th eStimates' but felt that 

additional assumptions with elm taTI®? W°Uld involve making 
ven fewer data to serve as guides. 

Economics 

(except postage) is assln^"1^ d°cuments> the cost of processing 
braries supply only photocoml ^ lending library. Today, many li" 
cents a page. This charge is tnr °a they char8e from 5 to 50 

ntended to pay for photocopying expenses, 

^ NLM r6C6i.V6s five timGs 
lished after 1945 than for requests f°r journal material pub-
even though it has twice rial Polished in 1945 or earlier, 

many volu*es of the latter age (3). 
This figure does not in 1 
did not require making a request of01™3!8 r6ad in the library th3t 
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but the over-al l  or  operat ional  cost  of  the service is  not  covered Al
so,  the added expenses of  bi l l ing and bookkeeping may,  i n  themselves 
exceed the revenue from photocopy charges.  If  each l ibrary borrowed'as 
many documents A8 i t  loaned,  the result  could be described as a kind of  
barter  system. However,  as  has been pointed out ,  big borrowers are not  
big lenders.  

I t  is  an age-old l ibrary tradit ion that  the scientif ic  record should 
be f reely available;  and by "agreement,"  interl ibrary loans have been made 
according to the social is t ic  principle,  "from each according to his  abi l
i ty,  to each according to his  need."  "Courtesy" is  the main motivat ion,  
except  for  a  few inst i tut ions whose responsibi l i t ies  have been defined 
legally or  administrat ively to include lending to other  l ibraries,  e .g. ,  
NLM. That  this  courtesy has been strained by demands in recent  years is  
evidenced by the restr ict ions imposed on the t radit ional  agreement by 
the General  Interl ibrary Code of  1952 (2):  

"The purpose of  interl ibrary loans is  to make available for  
research and for  serious study l ibrary materials  not  in a 
given l ibrary,  with due provisions made by the lending l i 
brary for  the r ights  of  i ts  cl ientele.  

"Interl ibrary loan service is  a  courtesy and a privi lege,  
not  a  r ight ,  and is  dependent  upon the cooperat ion of  
many l ibraries. .  . the interl ibrary loan service should 
be restr icted (especial ly when borrowing from large 
research l ibraries)  to requests  that  cannot  be f i l led 
by any other  means.  

" i t  is  assumed that  the borrowing l ibrary wil l  careful ly 
screen a l l  applicat ions for  loans and that  i t  wi re  

,  lect  those which do not  conform to the Code.  

Both big lenders and big borrowers incur .Counting 
The former bear  the basic cost  of  loans,  and th ,  ,  c u m e n t s  de-
bi l l  for  photocopies as the practice of loaning original '  
dines. The borrowing library can and, in some ins research funds 
photocopy charges on to the scientis t  when depar men r e v- e n u e .  The 
are available;  but  again bookkeeping costs  may e x p l a i n s ,  in 
increasing f inancial  burden on heavy borrowers P ,  a bio m edical  
Part ,  the marked increase in demands on NLM (  / •  local  l ibraries 

ibrary can usually obtain documents faster  rom £o r  photo-
i ts  vicini ty than from NLM, the lat ter  does not  charge 

C 0Pies.  

£gst_0f the Sy s  f~ om e System 
• • 0 it s biomedical li~ 

is t ics  on the total  cost  of  university 
e few and confl ict ing.  For colleg a v &rages  around $1.Q0 
,  however,  the annual  cost  per  vo e c t ions (Table , 
12,239,600 volumes in biomedical colljc^ ^ fee  es t imated 

cost nf inV U.S. biomedical 
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lower 'unit  costs .* On the basis  of  the total  document f low previously 
est imated for  1962 (550,000),  the total  cost  of  t ransactions in that  
year exceeded $2,000,000.  

Performance 

From the user 's  viewpoint ,  the performance of  the nat ional  biomedi
cal  l ibrary system can be assessed in terms of  the proport ion of  his  re
quests  for  documents that  are f i l led and the speed of  fulf i l lment.  The 
resources of  the entire system can meet  pract ical ly al l  his  requests  
for  journal  and book l i terature in the biomedical  f ield and,  by cal l ing 
on non-biomedical  l ibraries,  can supply documents in  other  f ields rele
vant  to his  work.  The t ime required to f i l l  his  request ,  however,  de
pends on the resources and locat ion of the local  l ibrary,  and on the 
nature and age of the document he desires.  Any individual  l ibrary 's  
performance may be judged by the percentage of  the requests  of  i ts  
cl ientele that  can be met (a)  in minutes (own col lect ion),  (b)  in 1 to 
3 days ( loans from immediate vicini ty) ,  (c)  in 3 days to 2 weeks ( loans 
from distant  l ibraries or  NLM), (d)  in a longer period ( i tems diff icult  
to locate,  e .g. ,  theses,  historical  material ,  e tc .) ,  and (3)  never.  
Unfortunately,  data of this  type are not  avai lable for  a s ingle l ibrary.  

The total  t ime required to f i l l  a ael«mM a«-*a ramiaif  hv inter-

loans.  

°f  NLM do not  permit  one to calcula t e  

service,  this  appears to fal l  some-
Per loan.  
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For the Medical Library of Wayne State University (Detroit) the 
total time required to fill a scientist's request breaks down as'follows 
for documents other than those difficult to borrow: 

Average no. days for Average no. days for 
—^oans within city* loans outside city 

Processing request \ i 

Lender processing 1 8 

Transit times 1 4 

Processing incoming document \ 1 
and notification 

Totals 3 14 

Capacity of Present System 

In the past decade the system has accommodated a large increase in 
traffic. Assuming that the ratio of NLM loans to loans among local-
level libraries has remained constant, the total flow of documents has 
increased by 82 percent over the 3-year period 1958-1961 (see Table 
VI-4). During the same period, the over-all increase in loans by six 
local-level libraries was 68 percent, with the largest lender (Co ege 
of Physicians and Surgeons of Philadelphia Library) showing a 132-percent 
increase. Signs of overload are, however, accumulating and indicate tna 
the system's capacity is being strained. 

As the volume of requests increased, many libraries ^heir 
ing bound volumes of Journals to other libraries e8^n ° 
ability to meet the demands of their own cliente e* Union 
braries old enough to be llated In both the 1943 edition of the JfijSL 
Hot of Serials end the 1961 volume of ^roS 
(135) no longer lend Journals aa original documen • or 

try to avoid the expense of purchasing pho tocop i e s ,  other lenders, 
lender restricts its loans In this way, the load shift » othe ^ 
»ith the effect of accelereting the trend toward restrict 
photocopies. 

-Tr— . . the city and telephone 
* Informal arrangements with other libraries ^ lending 11" 

calls speed operations within both the borr°^her than mail. reduces 
braries. Use of telephone and messengers, 
transit times. ^ , original documents and 

"" NLM» in September, 1957, restricted loan hotocopies to libraries 
instituted its present policy of furnishing P 
without charge. 
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This trend, in turn, started another vicious cycle. Requests for 
photocopies mounted until the operation threatened to disrupt the local 
services of some libraries, which then decided either to restrict "loan
ing" even photocopies or to organize the operation and attempt to make 
it pay for itself by increasing the charges for photocopies. The ex
penses of billing and accounting, which have been discussed previously, 
complicated the problem of making the charges adequate but not prohibi
tive. On the borrowing end, mounting expenses for the purchase of 
photocopies strained already inadequate budgets, aggravating the chronic 
and serious financial plight of medical libraries, which has been de
scribed by Adams (9). Some attempted to pass these expenses on to the 
user; but, for the reasons mentioned previously, the net benefit has 
generally been disappointing. Others, faced with the prospect of cur
tailing purchasing of journals and books in order to pay photocopy 
charges, concentrated on using the most economical sources for loans, 
even if this meant delays in filling users' requests. The "snow-balling" 
effects of these actions by lenders and borrowers are obvious. 

These signs of overload make it reasonable to conclude that the 
system, as presently operated and financed, has about reached its maxi
mum capacity. It is true that more and more of the total load might be 

? 1 bo Provided its budget continues to be adequate for supply-
°CC?w °u request t0 any u-s- biomedical library; but this 

loan • 3 6 avera®e t:ijne to obtain a document by interlibrary 
^ide^ly. (Compare the time for loans filled 

locally with that for NLM loans). 

Probable Demands in 196S 

the past'decade^^sResulted °f biom^cal documents during 
medical research workers Thi <= ? increase in the number of bio-

the others served by biomedical lihr ^ ̂  gr°Wn m°re rapidly th*n 
and also needs a greater r,lm,k 5 (practitioners and students) 
since scientists' demands for^ variety of documents. In addition, 
to which they know of the * ocuments are influenced by the extent 
i.e., by the efficiency of th 6nCu °f d°Cumenta relevant to their work, 
the recent improvement in ref8 °dS thgy USe for reference retrieval, 
also increased the demanHc ^e^LnCe~retr:i"eva*' services has undoubtedly 

cuianas on the system. 

The MEDLARS program nm 
reference retrieval servilT'TJ0 ?°nStitute a major expansion in 
Medicus_ be increased fr™, n* ° °n y will the coverage of Index 

(1). but books will be added to 2>20° journals to 3,500 in 1965 
This general reference-retrieval ? ̂overa8e (5,000 annually by 1965). 
specialized tools and services in°? a"111 be suPPlenented by many 
lbliographies tailored for snee, i U 8 m°nthly issues of current 

searches by computer of all the 3 laterest groups and on-demand 
January 1, I963. If the ® 3"icles and books indexed after 

of NLM s computer, copies of the ° searches exceeds the capacity 

S JS Searchin8 on other comn„t-aSnetlC~tape files wiU be made avail" 
the MEDLARS program, by 1965 other^8' In addition to the services of 

important new reference-retrieval 
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services* currently getting under way or being DlannnH ( 
indexes), will undoubtedly be available to the Mn Su , " citation 

biomedical community. 
One indication of the impact of all theoe n*,, „ 

system for delivering documents is provided by an on-^M ?Vhe 

an experimental bibliographic tool for workers in cerfh StUfy °f 

research (10). Ihl. parlodUa! Hats sssrusxi&zTuVfiiz:yp^i 
ehich this experimental toel i. being tested consists of leadiL°L 
vestigators who are well-read by present standards. Although the 
references listed in this bibliography were, on the average, over 6 
months old, these investigators found that over 85 percent of all 
references whose titles indicated relevance to their work were new to 
them. If these scientists request from their local libraries a signifi
cant fraction of the new references that have been brought to their at
tention, it will mean a large Increase over their previous levels of 
demand. 

Not only will the expanded and new reference-retrieval services 
result in a marked increase in the demand for documents, but these will 
create new demands for articles from the more obscure journals that are 
received by few libraries. Outside of NLM, only three biomedical li
braries currently receive 2,200 Journals; and as the coverage of Index 
Medicus increases, it is doubtful if any local library can keep up. 
Superimposed upon the present rapid growth of demand, the effect of new 
reference-retrieval services could be to double interlibrary loans with
in a few years. A total load of over a million transactions is a reason
able estimate for 1965. The capacity of the national biomedical inter-
library loan system, as presently operated and financed, appears inade
quate to handle this load. In the near future, biomedical scientists 
®ay have the means to find every reference in the world literature that 
is pertinent to their work; but if they cannot readily obtain the docu
ments referred to, they may well consider themselves worse off than be
fore. 

CONCLUSIONS 

, . (l) The implications of present efforts to provide biomedical 
F ^ntists with improved reference-retrieval services have not een 
Eully appreciated. 

: Such services must be matched by improvement in the sy 
0r delivering documents. 

>eet t? ThC Pre8ent 8y8ten wil1 require radiCal Stren8thening ^ 
e new demands that will be placed on it. 

yst The data essential for intelligent planning of an impro 
for document delivery are not presently availa 
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November 1963 

ADDENDUM TO STAFF PAPER NO. VI 

In an effort to test the assumptions made in estimating interlibrary 
loans, and to obtain a better idea of the general rate of increase in 
interlibrary loan traffic, a modest survey was conducted. After exclud
ing foreign libraries, U.S. government libraries abroad, public libraries 
(unless exclusively biomedical), college and university libraries other 
than biomedical libraries, and elementary and secondary school libraries, 
every tenth library on the list of institutions to which NLM loaned docu
ments in 1959 was sent a simple postcard questionnaire asking how many 
documents (originals or photocopies) it borrowed from all sources in 
1959 and in 1962. Of the 104 questionnaires mailed, 78 were returned 
in time to be included in the analysis. Of these, 50 supplied usable 
information, which is given in Table VI-5. 

TABLE VI-5 

BORROWING" BY SAMPLE* OF U S BTOMFnjf/q, T.TBRARTEF 

All Documents Documents Borrowed 
RorrnT.TOrl r- 1 Arn + 

IllSLitution** 
No. in 
Sample 1959 1962 

% In
crease No. 

% of All Documents 
Borrowed in 1959 

Academic 6(12%) 3,960 5,687 44 954 24 

Federal (other 4(8%) 
than hospitals) 

672 1,343 100 213 32 

Professional 4(8%) 883 982 11 42 5 
Hospital 

Industrial"}"!" 

21(42%) 

11(22%) 

8,123 

3,005 

10,487 

4,053 

29 

35 

1,208 

100 

15 

3 
Foundation 

Other 

2 (4%) 

2(4%) 

634 

503 

644 

683 

2 

36_ 

112 

19 

18 

4 
Total 50 17,780 23,879 34 2,648 15 

* Sample derived from list of Vk 

** Si! t?Xt f°r SamPling method " rari6S borrowing from NLM in 1959. 
' The classification used w • 
t The number of documents borrowed^ 3S in Tables VI"2 and VI" 
in the sample was determined fro m"1 ̂  by 6ach of the librariei 

TT Because of the sampling metkoa records for 1959. 
not be considered strictly "biLL^", Jndustrial libraries that w< 

ica were included in this sam{ 
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are a 
amount of 

The total borrowing reported by the 50 UK • 
plotted in Figure VI-3 along with data on NTM /arie® ln the sample is 
1958-1963 and with the total number of loans b Rg the Period 

sional libraries (taken from Table VI-4). J S1X academic and profes-

If one assumes that the respondents to thin 
representative sample of U.S. biomedical libraries116^10!"13^6 

borrowing through the national interlibrary loan , 5 am0un 

total inter library flow of documents, has Lrl the 

a year during the period 1959-1962. This inrr^a 6 V f 10 percent 

biomedical research manpower from 1958-1960 T9 ner S e to that for 

time equivalents (6)]. PFor this TiRrZ"XT * fuU" 
of .11 borrowing in 1959 was from NLM. Oolng this ratio of 5 parent 
rather than the 25 percent originally assumed to arrive at a ™ 
estimate (see page. VI-7 and VI-n), the flow in tS^stL^ 
return of original document, to the lending institution) can be calcu
lated to be about 490,000 documents in 1959. A 10-percent annual incre
ment would mean that the total flow approximated 640,000 documents in 
tK t —7 * 7T lin6' Fi8* VI"3)' 011 the other hand, if one assumes 
tha the ratio of borrowing from NLM to all borrowing remained the same 
in 1962 as in 1959 (15%)» the total flow for 1962 would be around 730,000 
documents (see line, Fig. VI-3). 

Whereas total borrowing was increasing at 10 percent a year, the 
number of NLM loans was Increasing 25 percent annually during approxi
mately the same period. This suggests that NLM provided a greater pro
portion of the total loan, in 1962 than in 1959 and that the total flow 
in 1962 was probably closer to 640,000 than 730,000. 

The number of libraries that lend documents has decreased in the 
past 5 years, but the si.e of this decrease is unknown. The present 
ata suggest the disturbing picture of a diminishing number of lenders, 

each providing a greater and greater proportion of a steadily increasing 
demand. in thi8 situation, collapse of the system could occur abruptly. 

These rough estimate, must be refined by a more extensive survey, 
"t on the basis of the present evidence, one may conclude with reason-

assurance (a) that the present flow in the interlibrary loan system 
exceeds 600,000 document, yearly; (b) that this flow has increased in 
^cent years by at least 10 percent a year; (c) that, with a minimim 

St °f $*.00 for completing a transaction, the current annua eos o 
aslntaining this flow is over 2 million dollars; and (d) that the y 

Presently supported, is unstable. 

ac *n thinking about how the present system might be changed s°ast0 

^commodate the loads that can be expected in the next dec. 
®aiorPr?Ve document delivery services for biomedica scie . ht be 
incr ernatives suggest themselves. First, NLM s "P entire 

mL38;d t0 the P°^nt where it could, if necessary, hand the en 
,5 "d ^r interlibrary loans. Unless provisions were ^ 
alt- requests and documents by some means more rapid ^ tfae 

native would mean an increase in the average time q 
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Fig. VI-3. 
Documents Loaned 
or Borrowed Xl()3 

Trends in Interlibrary Transactions 

Total Interlibrary 
Flow X104 

Loans by six academic and Mnfoc . 
® Total borrowing by sample of lo^T1 blOIDedical libraries 

Estimated total inter Hi, biomedical libraries -- 5 £1°" b"ed -— 

£"° fUc.l ,e. t  1963 
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scientist to obtain a document by interlibrarv loan c 
large libraries might be designated as regional intl , ®cond' certain 
and subsidized to provide service for their resign ry loan centers 
regions were small enough to facilitate quick delivery ^ 
cases it would be necessary to enlarge greatlv the mn . ln Some 

largest existing libr.ry before it could me« region, sf1"! °f 2* 
alternative, therefore, can be considered as equivalent to'df'i ^lS 

an unknown number of smaller versions of NLM Third r, 'eloping 
of all biomedical libraries „fght b, Sloped to point where "!! 
are largely self-sufficient. n y 

I t  is beyond the scope of the present inquiry to evaluate the rela
tive merits of these alternatives. Each would entail an initial expendi
ture at least several times larger than the total annual cost of the 
present interlibrary loan system and entail problems that would require 
considerable time to overcome. The most efficient of the alternatives 
can be determined only by a systematic and detailed systems study. If 
such a study were begun tomorrow, it seems unlikely that the course of 
action selected could be Implemented in less than three years. 

NLM has recently expressed concern about its ability to handle the 
rapidly increasing demands, and about the prospects of increasing central
ization of interlibrary loan service (3), In view of NLM's limited 
capacity, the Instability of the system, and the likelihood of a rapid 
increase in demand in the next few years, it would appear that some mech
anism to provide short-term insurance against collapse should be developed 
quickly while long-term solutions arc being studied and implemented. 
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APPENDIX VI—A 

GEOGRAPHICAL DISTRIBITION OF BIOMEDICAL LIBRARIES 
(a i l  volumes are  in  hundreds)  

Academic  Hospi ta l  Cw't  Profess ional  Industr ial  Publ lc  FoundstIon Tot si 
Stats Ho. Vo liases Ito. Vol ueses £2* 

• 

J C 
>

 Ho. Vg *L- Volumes &L- <
 

0 1 m Ho. Volumes £2* 

• 

J C 
>

 Ho. Vg *L- Volumes &L- <
 

0 1 m Ho. Volumes Ko. Volumes 
Alaska 
Ala. 

••as 
1 

• • • 
670 

• •• 
3 

as as • 
107 

1 
• •• 

20 • • • 
• •• 

• •• • •• • •• • •• ... ... 1 20 
Arts. 
Ark. 

• • • 
1 

• •• 
430 

• • • 
2 

• • • 
78 

• •• • • • 
• •• 

1 
• • • 

100 ... • •• 
• • • • • • ••• 

••• ... 4 
1 

777 
100 

Cattf. 12 4766 27 1421 4 285 9 1331 3 216 1 220 ... 3 
36 

508 
8459 

Colo. 1 633 4 386 ... • •• 2 437 
236 

70 
110 

1 
• • • 

48 
• • • 

Coon. 
Dal. 

1 
• • • 

3013 
• •• 

10 
• • • 

339 
• • • 

2 228 1 
1 
1 

437 
236 

70 
110 

• •• • •• 
490 

1 
• • • 

48 
• • • 2 240 

8 
16 

1544 
4096 

D.C. 3 714 • •• • •• 8 13983 

1 
1 
1 

437 
236 

70 
110 

£ 
• •• 
490 • •• 

1 
... 3 560 

Fla. 3 1237 3 169 2 210 • • • 
• •• 1 12 13 16821 210 • •• • •• ... 10 1616 

Ca. 4 1004 4 118 2 350 Hawaii ... - - - 2 82 | 240 
• •• ••• ... lO 1472 

Idaho 1 280 • as* • •• 240 • •• • •• ... 3 322 
I I I .  
Ind. 

7 
5 

3383 
1375 

11 
8 

839 
298 

I 24 
1 50 

2 
4 

330 
665 

1 1500 — — 
1 

22 
18 

280 
6278 
2 388 

Iowa 
Kan. 

4 
3 

3306 
770 

3 
5 

95 
393 1 43 

1 65 — ... ... 8 3466 
Ky. 3 900 1 78 2 100 — — —  — 12 1309 
La. 3 1899 2 102 1 87 

•  • •  —  —  — 4 978 
Me. m — mm — —  — l 55 

6 
1 

2088 
55 

Md. 
Mass. 

3 
6 

2763 
2825 

7 
17 

616 
1248 

2 
1 

840 
47 

l 840 
1200 

— — 13 5059 
Mich. 5 3094 12 862 1 80 

153 

840 
1200 

Q 300 
— — • l 40 26 5360 

Minn. 
Miss. 

1 
1 

1382 
311 

6 
4 

1214 
110 1 

80 

153 
3 668 

J 300 
— — 

21 
10 

4336 
3264 

80 

153 
—  —  —  6 574 



Academic Hospital Gov't Professional Industrial Public Foundation Total 

> •a 
(D 
3 a 
H-x 
> 

State No. Volumes No. Volumes No. Volumes No. 

Mo. 7 1443 4 175 — 2 
Mont. 1 30 1 270 
Neb. 2 1556 3 185 
N.H. 1 330 _ _ _ 

N.J. 3 265 5 748 1 

N.M. 2 130 1 
N.Y. 15 7019 47 2773 5 731 10 
N.C. 4 1519 2 63 1 100 2 
N. Dak. 1 200 2 160 _ _ _ 
Ohio 5 1202 13 1271 2 

Okla. 1 442 2 66 _ _ _  1 
Oregon 2 758 1 30 
Pa. 13 3465 5 415 1 90 4 
R. I. — 3 79 1 71 1 
S.C. 1 297 2 51 

S. Dak. 1 135 1 20 — 

Tenn. 3 1254 3 105 • a a  — 

Texas 7 2252 6 420 2 485 3 
Utah 1 400 1 71 • 
Vt. 1 150 - - - . ... . — 

Va. 2 1008 2 117 - 1 
Wash. 1 750 1 45 -. — _  2 
W. Va. 1 400 1 21 -. — _  a a  a  

Wis. 3 1472 2 61 -... . — 

Total 143 61294 241 15581 39 20129 53 

Volumes No. Volumes No. Volumes No. Volumes No. Volumes 

779 1 6 1 35 15 2438 
a a  a  a  a  a  - - - 2 300 
a a  a  a  a  a  5 1741 

a a  a  
1 330 

330 11 735 a a  a  20 2078 

40 a a  — a  a  a  3 170 
6703 11 1102 2 267 90 18595 
326 9 2008 
— — — 3 360 
981 3 130 23 3584 

90 4 598 
— — — 3 788 

2478 1 100 24 6548 
430 5 580 

-aa  a  — a  a  a  a  3 348 

... 2 155 
aa a  1 30 1 73 8 1462 
430 1 68 19 3655 

a a  a  a  a  a  -a  a  aa .  — 2 471 
" " "  

a  a  a  a  a  a  ... •  aa 1 150 

85 ... a — a  a  a  a  5 1210 
336 1 12 5 1143 

a a  a  . a .  —  — - 2 421 
— . m a  a  a  a  a  — - - 5 1533 

18553 44 4149 7 1976 8 714 535 122396 

Bowker, 1961 j 2d ed. 



APPENDIX VI-B 

INTERLIBRARY LOAN ^AgSACTIOMS OF 
WAYNE STATFm^^T^-

COL1.EGE OF MKDICINE T.TRPADV 
(JUNE 1962 - MAY 1963) 

Borrowing L i b r a r y  ( T o t a l :  72) 

Sinai Hospital  
Grace Hospital  
Henry Ford Hospital  
Veterans Administration Hospital ,  Detroit  
Childrens Hospital  
Parke-Davis & Co, Research 
Harper Hospital  
Oakwood Hospital  
Womens Hospital  
Detroit  Department of Health 
Herman Keifer Hospital  
Wayne County General  Hospital  
Difco Co. 
Lafayette Clinic 
St.  Joseph Hospital  
U.S. Public Health Service Hospital ,  

Detroit  
Providence Hospital  
Nt.  Carmel Mercy Hospital  
Beaumont Hospital  
General  Motors Research 
Metropolitan Hospital  
Deaconess Hospital  
St .  Joseph Mercy Hospital  
Michigan Epilepsy Foundation 
Ethyl Corp.  

P.  Scherer Corp.  
University of Detroit  
Chrysler Corp.  
McManus,  John & Adams 
Michigan State University 
Seifridge A.F.B. 
Michigan Bell  Telephone Co. 
Plymouth State Home and Training School 
D e t r°it  Memorial  Hospital  
Detroit  Edison Co. 
F°rd Motor Co. Engineering Library 
ontiac General  Hospital  

Cottage Hospital  
General  Motors.  Public Relations 

e r r i l l-Palmer School 

Number of 

930 
649 
572 
345 
312 
261 
167 
158 
157 
145 
112 
104 
91 
81 
78 

77 
70 
64 
51 
35 
25 
25 
23 
15 
13 
12 
11 
11 

7 
6 
6 
5 
5 
5 
4 
3 
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General Motors. Chevrolet Division Archives 2 
Campbell Ewald 0 

Jennings Hospital 
Toledo Medical Library Association 
Mandell Library, Kalamazoo 
Texas Medical Center 
Parke-Davis & Co. Engineering 
Engineering and Research Library, 
Minneapolis Honeywell, Denver 
Northville Hospital 
Bendix Corp. 
Blain Hospital 
General Motors. Engineering Division 
Holy Cross Hospital 
Rehabilitation Institute 
St John Hospital 
Zieger Corp. 
Straith Hospital 
University of Washington 
Temple University 
Purdue University 
University of Louisville 
Ferris Institute 
Albuquerque Public Library 
Jefferson Medical College 
Washington University. School of Medicine 
University of Maryland 
Oregon State University 
Central Michigan University 
University of Manitoba Medical Library 
Toledo Public Library 
University of Arizona 
Royal Oak Public Library 

Total 4709 
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Lending Library  (Tota l :  181 H.ber  of  nne .^ne .  

Nat ional  Library  of  Medic ine  6 7  

Henry Ford Hospi ta l  27 
John Crerar  Library  
Univers i ty  of  Michigan 2.2  
Harper  Hospi ta l  g  
Grace  Hospi ta l  5  
Ohio  Sta te  Univers i ty  5  

Parke-Davis  & Co.  4  

New York Academy of  Medic ine  4  
Michigan Sta te  Univers i ty  4  
Univers i ty  of  Wisconsin  3  
Univers i ty  of  Chicago 3  
Midwest  In ter l ibrary  Center  3  
Univers i ty  of  Minnesota .  Bio-medical  Library  3  
Nat ional  Ins t i tu tes  of  Heal th  Library  2 
Western  Reserve  School  of  Medic ine  Library  1  
U.S.  Army Medical  Research Laboratory ,  
For t  Knox,  Ky.  1  
Univers i ty  of  Kentucky Medical  Center  1  

Tota l  169 

Librar ies  That  Both  Loaned No.  Documents  No.  Documents  
and Borrowed Borrowed f rom Loaned to  
(Tota l :  5)  Wavne S ta te  Wayne S ta te  

Grace  Hospi ta l  649 ^  
Henry Ford Hospi ta l  ^72 ^  
Parke-Davis  & Co.  261 ^  
Harper  Hospi ta l  167 ^  
Michigan Sta te  Univers i ty  

Tota ls  1657 4 6  
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November  1963 

NAS-NRC Study of  Communicat ion Problems in  Biomedical  Research 

Staf f  Paper  No.  VII  

TECHNICAL REPORT LITERATURE IN BIOMEDICINE* 

INTRODUCTION 

A technical  repor t  may be  def ined broadly  as  an  inves t igator ' s  
account  of  research f indings  tha t  i s  i ssued and d is t r ibuted as  a  separa te  
document  by the  source  of  h is  suppor t .**  Al though th is  method of  d is 
seminat ing the  resul ts  of  research has  been pract iced for  centur ies  by 
both  pr ivate  and governmenta l  ins t i tu t ions  engaged in  research,  not  unt i l  
the  pas t  few decades  has  the  term,  " repor t  l i te ra ture ,"  come in to  common 
use  to  d i f ferent ia te  th is  type  of  publ ica t ion f rom the  per iodical  l i te r 
a ture  and f rom non-per iodic  forms of  l i te ra ture  (monographs ,  proceedings ,  
e tc . )  i ssued and d is t r ibuted by profess ional  socie t ies  and by non-prof i t  
and commercia l  organizat ions  se t  up as  publ ishers .  Dur ing th is  per iod,  
research by sc ient is ts  employed by government ,  or  working in  pr ivate  
ins t i tu t ions  under  government  contrac t ,  expanded markedly .  For  var ious  
reasons ,  which wi l l  not  be  reviewed here ,  the  resul ts  of  much of  th is  
government-sponsored research,  par t icular ly  tha t  suppor ted  by agencies*** 
engaged in  the  defense  e f for t ,  have appeared as  technical  repor ts  d is 
t r ibuted largely  through governmenta l  channels .  Al though numerous  pr i 
vate  organizat ions  publ ish  technical  repor ts  of  research they themselves  
have suppor ted ,  the  predominance of  government  in  genera t ing documents  
of  th is  type  has  led  many to  def ine  technical  repor ts  more  narrowly to  
include only  documents  i ssued and d is t r ibuted by governmenta l  agencies  
and to  d is t inguish  technical  repor ts  f rom other  government  publ ica t ions ;  
technical  repor ts  are  or ig inal  repor ts  of  research and development ,  
ra ther  than educat ional  mater ia l ,  repor ts  of  adminis t ra t ive  ac t iv i t ies ,  
e tc .  This  paper  i s  concerned pr imar i ly  wi th  technical  repor ts  in  th is  
res t r ic ted  sense .  

A number  of  governmenta l  services  announce,  d is t r ibute ,  s tore  and 
re t r ieve  th is  form of  l i te ra ture .  The i ssuing agencies  and these  serv-
ices  const i tu te  a  loosely  organized sys tem performing for  the  technica  
repor t  much the  same funct ions  as  the  complex of  t radi t ional  publ ishers ,  
abs t rac t ing- indexing services ,  and l ibrar ies  perform for  o ther  types  of  
l i te ra ture .  In  the  main ,  these  two para l le l  "sys tems"  have opera ted  in  
re la t ive  i so la t ion from each o ther .  

*  Not  for  publ ica t ion or  publ ica t ion reference .  .  .  
**  " In ternal"  repor ts  for  use  only  wi th in  the  mvest iga  or  f  
***The term, "agencies," In this paper refers to governmental units of 

a l l  s izes .  
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As one of the facets in the NAS-NRC study of scientist-to-scientist 
communication in biomedicine, the technical-report literature and its 
processing services were assessed. The aims of this paper are to pre
sent a general review of the generation, processing, and use of technical 
reports; to summarize our findings relating to the volume, origin, and 
distribution of technical reports useful to biomedical scientists; and 
to estimate their current and potential importance to the biomedical 
research community. 

METHODS AND SOURCES 

In addition to reviewing previous studies of the technical-report 
literature, expressions of scientists' opinions, and the policies and 
practices of governmental agencies and information services, the staff 
collected and analyzed some original data. 

All 1962 issues of the following periodicals, which announce tech
nical reports, were examined for reports of biomedical research: Tech
nical Abstract Bulletin (TAB) ([issued by the Defense Documentation 
Center (DDC) formerly the Armed Services Technical Information Agency 
(ASTIA)] , Nuclear Science Abstracts (NSA)* ([Atomic Energy Commission 
(AEC)[|, Technical Publications Announcements (TPA)* [National Aeronau
tics and Space Administration (NASA)], and U.S. Government Research Re
ports (GRR)* ^Office of Technical Services (OTS) of the Department of 
Commerce]. In one issue of GRR (January 1962, Vol. 37, No. 1), the 
price and the number of pages of each biomedical report were recorded. 
Theses, journal articles, reports of foreign work, and governmental 
publications other than original reports of research were excluded in 
counting technical reports. In TAB, any stated limitations on the dis
tribution of documents were noted. 

Each of these announcement periodicals arranges entries by subject 
matter. Only reports found, or referred to, under the following head
ings were considered to be "biomedical": 

Technical Abstract Bulletin: Sections 16 ("Medical Science") and 
28 ("Psychology and Human Engineering"); 

Nuclear Science Abstracts: sections entitled "Biology and Medicine" 
and "Health and Safety"; 

Technical Publications Announcements: the section, "Life Sciences 
Mnl cr 6 Systems," which includes physiology, medicine, 

ology, piloting, human engineering, human factors, and radiation 
effects on man; and 

and'28°f"p!iri!':iRe''e''"ih ReP°rts! Divisions 16 ("Medical Sciences") 
behavLral ^ fHU"an ^ineering"), and the categories o£ 
<ana3 nw1TS' "v™" '"Sineeting, and biological sciences 
cal specialties 0gh )-°ebemistry, pharmacology, toxicology, medi-
military Research ReportsJ"^' SUr8"y) "H°n' 

* Covers only non-classified documents. 

VII-2 



GENERAL REVIEW 

General  Pat tern for  Processing Technical  Reports  

Pract ices  and pol ices  differ  somewhat  f rom one governmental  agency 
to  another ,  but  a  general  pat tern for  handl ing technical  reports  can be 
descr ibed.  The invest igator ,  whether  a  government  employee or  a  con
t ractor ,  submits  a  draf t  of  his  report  to  the sponsoring agency for  re
view of  content  and of  any res t r ic t ions on dis t r ibut ion indicated by 
securi ty  or  other  considerat ions.  After  approval  of  the draf t ,  copies  
are  reproduced* and dis t r ibuted according to  s tandard l is ts .  This  pr i 
mary d is t r ibut ion includes one or  more deposi tor ies .  The main deposi tory 
then abstracts  the report  ( i f  the invest igator  himself  was not  required 
to  furnish an abstract) ,  categorizes  the document ,  and announces i t s  
avai labi l i ty  in  a  per iodical  covering documents  generated by,  or  of  in
terest  to ,  scient is ts  supported by the given agency.  El igible  par t ies  
may,  wi thout  charge,  obtain copies  of  specif ic  reports  on request  (sec
ondary dis t r ibut ion)  and may a lso request  searches of  the deposi tory 's  
f i les  for  documents  re levant  to  specif ic  quest ions.  

Descr ipt ion of  Major  Report  Services** 

Three "agencies"  account  for  the bulk of  technical  reports  generated 
and d is t r ibuted by the government:  DOD, AEC, and NASA. Each of  these 
agencies  has  establ ished large,  central ized services  for  handl ing tech
nical  reports  and other  documents  containing the resul ts  of  research and 
development .  These systems evolved independent ly  and are  or iented to  the 
missions of  their  respect ive agencies .  In  addi t ion,  OTS maintains  a  
service that  handles  selected technical  reports  of  work sponsored by 
these three agencies  and others .  

Defense Documentat ion Center .  The pr imary mission of  DDC, formerly 
known as  ASTIA, i s  to  receive,  s tore ,  and disseminate  information of  a  
sc ient i f ic  and technical  nature  to  agencies  and contractors  of  DOD. In  
theory,  DDC receives  copies  of  a l l  technical  reports  generated by DOD 
support ;  however ,  in  1962,  a l though i t  received some 27,000 reports ,  
these represented only about  20 percent  of  the  total  number of  such 
reports  (2)  .  Some 35 percent  of  these reports  were by government-
employed sc ient is ts  and about  60 percent  by government  contractors .  
Approximately one-quarter  were c lass i f ied for  securi ty  reasons.  

In  most  government  research contracts ,  the report ing .  
specified, including the format and cumbers of copies to be furn shed 
to the sponsoring agency and otheruise distributed by 
jator's institution Reporting requirements for »ork supported by 
grants are generally more loosely defined. report 
rhe source for the specific information in this secti 
entitled "Study of the Federal Government's System for Distributing 
Its Unclassified R&D Reports"(l), dated June 3 , 
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nwhniral  Abstract  Bul le t in  announces the acquis i t ion of  docu
ments  by DDC. TAB is  issued semimonthly (c i rculat ion approximately 
3 500)  and dis t r ibuted without  charge to  DOD act ivi t ies  and their  con
t ractors  and a lso to  authorized Federal  agencies  grantees ,  and contrac
tors .  in  each issue abstracts  of  newly acquired documents  are  arranged 
into 33 subject  divis ions,  and a  subject  index is  included.  Unlimited 
documents  ( those whose d is t r ibut ion is  unrestr ic ted)  and " l imited" docu
ments  are  l is ted separately.  During 1960 and 1961,  the interval  between 
the dates  on documents  and the dates  on which they were received by DDC 
averaged about  4  months;  approximately 50 addi t ional  calendar  days 
elapsed before  they were announced in  TAB, making the total  lag from 
publ icat ion to  announcement  a lmost  6  months.  

Pr ivate  and governmental  act ivi t ies  that  have es tabl ished e l igi
bi l i ty  for  DDC service and have f i led a  "Field of  Interest  Regis ter"  
may request  copies  of  the  documents  announced in  TAB for  Bupport  of  
act ive government-sponsored projects ,  within the l imitat ions of  securi ty  
and other  res t r ic t ions on dis t r ibut ion.  In  1962,  the  service suppl ied 
over  3 ,000 reports  on each working day,  or  approximately 750,000.  About  
60 percent  of  these documents  were suppl ied as  Xerox copies  from micro
f i lmed masters .  El igible  par t ies  may a lso request  searches of  the  DDC 
col lect ion for  documents  containing information they need and may ask 
that  bibl iographies  be prepared on specif ic  subjects .  DDC s taff  uses  
a  large computer  to  ass is t  in  answering an average of  23 requests  for  
searches per  working day and in  preparing some 500 bibl iographies  per  
year .  The annual  budget  in  f iscal  1962 was $3 mil l ion.  At  present ,  
DDC's  services  are  being expanded and improved,  and more complete  cover
age of  documents  generated by DOD support  i s  ant ic ipated (2) .  

Divis ion of  Technical  Information of  AEC. The Divis ion of  Techni
cal  Information Extension (DTI)  supervises  the operat ions of  the AEC's  
information system and acts  as  a  center  for  col lect ing,  reproducing,  
and disseminat ing documents  generated by,  or  of  in terest  to ,  A E C -supportec 
research and development .  In  1961-1962,  i t  received about  35,000 non
classif ied documents* a  year  from AEC act ivi t ies ,  contractors ,  and 
grantees ,  f rom other  governmental  agencies  and contractors ,  and from 
foreign countr ies  and miscel laneous contr ibutors .  Of the  documents  re
tained in  the col lect ion,  over  60 per  cent  were journal  ar t ic les ,  about  
one-third were technical  reports ,  and the remainder  were of  miscel laneous 
types (patents ,  t ranslat ions,  e tc . ) .  

DTI announces a l l  non-classf ied documents  re ta ined in  i t s  col lec
t ion to  AEC personnel  and contractors  through a  weekly per iodical .  I t  
a lso publ ishes ,  for  wider  d is t r ibut ion (about  8 ,000 copies) ,  the semi
monthly NSA, which contains  abstracts** of  documents  se lected for  cur
rent  in terest .  In  each issue of  NSA, the  abstracts  are  arranged by 

. " 'T 'T <" , d" e  l n d e x e d '  •*"  are  announced within 8  weeks of  receipt .  

T e l v e d -  a b°« 80 Percent  were non-class£ied.  
Only t i t les ,  and not  abstracts ,  of  AEC reports  are  publ ished.  
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E l i g i b l e  users may request documents announced in NSA. They receive 
microform copies (microcards) unless they request full-sized copies In 
5 snn nnn SerV !nSWe^ef 100'000 requests for documents and produced 
3,500,000 microcards and 650,000 pages of full-sized copy (largely Xerox 
copies from microform masters). Searches of the DTI collection may also 
be requested. J 

Office of Scientific and Technical Information of NASA. NASA sup
ports by contract a Scientific and Technical Information Facility, which 
collects and disseminates information generated by, or of interest to, 
NASA-supported research and development. It acquires about 20,000 docu
ments a year (1961-1962) from its facilities, contractors, and grantees; 
from other governmental agencies; and by exchange with domestic and for
eign organizations. These are reviewed for relevance to NASA interests 
and analyzed for announcement and retrieval. Abstracts of all non-classi
fied technical reports are published biweekly in Scientific and Technical 
Aerospace Reports (STAR)*. Abstracts are arranged by subject and indexed. 
Documents are announced within 6 weeks of receipt. Classified material 
is announced in a similar periodical. 

Eligible parties may obtain copies of specific documents listed in 
STAR,** either in microform or full-size. In addition, searches for docu
ments bearing on a given subject are made on request, and factual answers 
(as contrasted to bibliographic citations) are provided when desired and 
feasible. 

Office of Technical Services of Department of Commerce. The primary 
mission of OTS is to make available to any individual the non-classified 
and otherwise unrestricted information resulting from research and devel-
ment sponsored by the U.S. Government. "Releasable" technical reports 
are supplied to OTS by many governmental agencies. In 1961, OTS received 
some 25,000 such reports, of which about one-fifth described work at gov
ernmental facilities and two-thirds related to work of government contrac
tors. Abstracts of these reports are published in the semimonthly GRR, 
which has a circulation of 4,200 (1961). Each issue of GRR has two sec
tions: the first is a duplicate of the "unlimited"-document section of 
TAB; the second ("Non-Military Research Reports") contains older military 
reports that have been declassified and reports generated by non-military 
agencies. Each issue is indexed. In 1961, excluding the section dup I 
cated from TAB, the average lag between the date of a document and its 
appearance in GRR was over 9 months, of which 7 weeks were requne or 
processing by OTS. 

Any individual may purchase a subscription to GRR and microform or 
full-sized copies of the documents it announces. Searches may al 
obtained for a fee. OTS distributed 350,000 documents annually in 1961-

*'Ss* supports the publication by a private organization,^ African 
Institute of Aeronautics and Astronau ic , ^ .nfonna_ 
odical covering all the journal articles conecceu uy 

**Zy docu^nL'generated by NASA support are supplied to individuals 
other than employees of NASA or its contractors. 
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wHMhllitv for Services. At present, all those engaged in 
government-supported research are eligible for the services provided by 
DOD, AEC, and NASA. In the past, however, the eligibility of grantees 
of the U.S. Public Health Service has not always been recognized, partic
ularly with regard to DDC services. A recent directive (4) has clearly 

defined their eligibility. 

Comparison of Technical Reports with Journal Articles 

Content. Technical reports are usually labeled as either final or 
interim reports; most are final (1). For journal articles, no comparable 
information is available. Technical reports are generally longer than 
journal articles, present data and methods in detail, use tabular mate
rial more extensively, and usually are prefaced by an author abstract 
(this practice is still relatively uncommon in biomedical journals). 

Critical Review. In two respects, there is a clear, general dif
ference in reviewing process between technical reports and Journal 
articles: the review of a technical report does not ordinarily involve 
a judgment as to whether the report should be disseminated, nor must it 
consider competition for limited space. In other respects, the differ
ence is not so clear. The care and strickness with which an author's 
manuscript is reviewed by the sponsoring agency before distribution and 
the number and competence of the reviewers vary widely from agency to 
agency, just as they do from journal to journal. Some agencies and 
governmental laboratories have established rigorous review procedures, 
using outside experts as well as scientific employees, to examine the 
accuracy, reliability, and validity of the findings reported and to set 
forth the changes required in both form and content before the report is 
accepted and duplicated for distribution. The standards in certain 
cases are probably as strict as those of journals with high standards. 
In other cases, there is no review by experts in the subject matter, but 
this is also true of some biomedical journals. Two recent studies (5,6) 
have recommended that all governmental agencies institute policies that 
ensure critical review of reports, and these recommendations are being 
implemented (7). 

Speed of Publication. The interval between submission of a manu
script and publication, which may be called Journal-processing time, 
averages from 6 to 8 months for biomedical journals (8,9). For techni
cal reports, the comparable processing time probably averages only a 
month or so less (1). However, although the technical report is often 
considered to be a fast medium for disseminating information, the total 

that h 4 S°m? agencies f°r review and duplication may exceed 
that taken by journals to publish an article. 

cal r!!!!!!yhDi5,htritutl0?' The average routine distribution of techni
csJS aP°nsoring a8e*cy or the investigator's institution £«r&rsx5r ot 1 jour" «•»,» J , copies sent to the depositories to meet later re-
quests, the official distribution of a t-prKm'^i 1 (D* 
If the report is not classified the autho^ 3VerageS J35 ( 

ueo' ctle a"thor may have copies sent to 
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col leagues with whom he rout inely exchanges publ icat ions,  just  as  with 
journal  repr ints .  '  J  1 1  

Announcement .  New technical  reports  are  announced in  special  per i 
odicals  issued by governmental  agencies;  journal  ar t ic les  are  announced 
by the convent ional  abstract ing-indexing services .  The average lag 
between publ icat ion and announcement  for  technical  reports  (1)  i s  probably 
less  than the 4 to  6 months journal  ar t ic les  take to  appear  in  major  
abstract ing-indexing services ,  such as  Index Medicus (IM),  Biological  
Abstracts  (BA),  and Chemical  Abstracts  (CAj (see Staff  Paper  No.  VIII) .  

Although the major  report-announcement  per iodicals  cover  a l l  jour
nal  ar t ic les  resul t ing from sponsored work,* as  wel l  as  technical  reports ,  
the major  abstract ing-indexing services ,  in  general ,  cover  technical  
reports  only select ively.  For  example,  IM, in  the sect ion,  "Recent  
United States  Publ icat ions,"  l i s ts  t i t les  of  some technical  reports  and 
other  government  publ icat ions with t i t les  of  new books.  Among the  
abstract ing-indexing services ,  the Bibl iography of  Agricul ture  (BAg) i s  
an except ion to  the general  rule .  In  addi t ion to  covering journal  l i ter
ature ,  i t  includes a l l  technical  reports  of  research sponsored by the 
Department  of  Agricul ture .  The Weinberg Report  (6)  summarizes  the cur
rent  s i tuat ion as  fol lows:  "The documentat ion community has  taken an 
equivocal  a t t i tude toward. . .  reports ;  in  some cases  the exis tence of  these 
reports  i s  acknowledged and their  content  abstracted in  the abstract ing 
journals .  In  other  cases . . .  reports  are  given no s ta tus;  they are  al leged 
to  be not  worth re ta ining as  par t  of  the  permanent  record unless  their  
contents  f inal ly  appear  in  a  s tandard. .  . journal ."  

Secondary Distr ibut ion.  Distr ibut ion of  technical  reports  in  re
sponse to  requests  for  copies  of  specif ic  documents  af ter  they have been 
announced i s ,  in  cer ta in  respects ,  s imilar  to  that  of  journal  ar t ic les ,^  
i .e .  ,  requests  may be directed ei ther  to  the generator  ( the author  or  his  
inst i tut ion)** or  to  the "publ isher ."  In  the case of  technical  reports ,  
the publ isher  ( the sponsoring agency)  usual ly  designates  one or  more 
deposi tor ies  from which copies  may be obtained,  and they are  common y  
avai lable  in  local  col lect ions of  col leagues or  l ibrar ies .  

Some data  on secondary dis t r ibut ion of  technical  reports  are  pro-
vided by DDC experience in  answering requests .  There are  more n  
requests  for  only 10 percent  of  the reports  deposi ted with DDC, f rom one 
to  10 requests  for  80 percent ,  and no requests  for  10 P e^ c^ * ,  ® 
ures  on the average number of  technical  reports  reques e  ar t ic les  
could be found,  iecause the secondary dis t r ibut ion of  
f rom sources  other  than authors ,  who are  probably the major  source (  )  

:  See footnote  on page VII>5 for  a  recent  NASA arrangement  that  const i 
tutes  an except ion to  this  general  pat tern.  technical  

:*This  source of  secondary dis t r ibut ion can 
report  when there  is  no l imitat ion on i t s  
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is  highly decentral ized,  no f igures are available to compare with the 
DDC experience. Reliable data on the number of requests received by 
™th"s for reprints of journal articles are scarce, but one recent stud, 
(11) established the median as  between 11 and o .  

Fate of Technical Reports 

In the f ield of Physics,  Gray and Rosenborg found that  about  half  
of  what  they termed the "publishable" information in these reports  ap-
peared in journals  within 2 or  3 years (12).  Of the 239 biomedical  tech
nical  reports  l is ted in the Current  List  of  Medical  Literature ( the 
predecessor of  IM) during a 6-month period,  October 1950-Apri l  1951,  
fewer than one-quarter  appeared as journal  ar t icles by 1953 (13).  The 
average interval  between the date of  the report  and appearance in a Jour
nal  was 7 months.  No more recent  s tudies of  biomedical  reports  seem to 
have been performed.  

Attitudes of Scientists Toward Technical Reports 

Scientis ts ,  part icularly those engaged in "basic" research in aca
demic inst i tut ions,  tend to regard technical  reports  as "second-class" 
l i terature.  However,  in  certain f ields,  e .g. ,  where s ignif icant  quan
t i t ies  of information are classif ied or  where technological  development 
is  of  central  interest ,  numerous s tudies have shown that  technical  re
ports  are a  major medium of  communication.  From the user 's  point  of  view, 
the primary cr i t icism of technical  reports  is  that  quali ty control  is  not  
as  s t r ict  as for  journal  l i terature.  On the posi t ive side,  the advantage 
of  greater  speed of publicat ion is  usually assumed.  The technical  report  
has also been recognized as  a  superior  source of  detai ls  of  methodology 
and complete data (14).  The lat ter  advantage is  obvious when the same 
research project  is  published both as  a technical  report  and a  Journal  
ar t icle .  

Few data on biomedical scientists' use of technical reports have 
been collected, but informal evidence indicates that few biomedical 
workers are either knowledgeable about technical report literature or 
make any significant use of it. A number of biomedical Journals do not 
permit authors to cite technical reports. 

Atti tude of Librarians Toward Technical  Reports  

consider  ar iS S i C , a t t i t u d e  o f  l ibrarians toward report  l i terature is  to 
f ields where th m a t e r i a l  a s  "ephemera";  but  l ibrarians working in 
Wnedto le  t"  C O n a i d e r a b l e  d^nd for technical  reports  have 
Library schools ar  S p 6 C i a  techniques and tools  required to handle them, 
t t tytf thev plan to" jTTfSS s^nts in these techniques,  part ic-iu£ *£2? rs°cuted -ith ""atch acr 
academic biomedical  l ibrary* H '  h o w e v e r '  indicates that  most  
tools  and that  ££ 
technical reports with dismay. brarians vlew the problems of handling 
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DATA AND DISCUSS TON 

Volume and Sponsors of Biomedical Technical Reports 

nouncedln 8lVeS the n™be,r 0f SPO"SOrS °£ "ioeedica! reports 

TABLE VII-1 

SPONSORSHIP OF 
BIOMEDICAL TECHNICAL REPORTS ANNOUNCED IN 1962* 

Sponsor of Research No. Reports 

DOD** 930 

AEC+ 525 

NASA+t 117 

Other/" 43 
Total 1,615 

* Only non-classified reports are included, except for reports generated 
by DOD support. 

** The number of DOD reports was taken as the number listed in both the 
"unlimited"and "limited" document section of TAB (609 and 321, respec
tively). Not included are older military reports that were declassi
fied and announced in GRR during 1962. 

t Only reports announced in NSA and designated as AEC-supported. 
tt Only reports in TPA and designated as NASA-supported. 

Reports announced in GRR that were sponsored by governmental agencies 
other than DOD, AEC, and NASA, or by private institutions. Included 
are reports with joint sponsorship, e.g., Armed Forces-NRC, Navy-
Public Health Service, and FAA (Federal Aviation Agency)-NASA-Air 
Force. 

No check was made of all the government reports listed by the 
Government Printing Office to see whether OTS announced all those that 
qualified as Biomedical Technical Reports. It is therefore possible 
that some technical reports of biomedical interest sponsored by agencies 
such as the Bureau of Mines, the Fish and Wildlife Service, and the 
National Bureau of Standards were missed; however, it seems unlikely 
that the number of such omissions is large. The Department of Agricul
ture also supports work of biomedical interest. A few reports of work 
supported by the Department of Agriculture were announced in the non-
military" section of GRR, but a systematic review of BAg would probably 

disclose more. 
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Length and Price of Reports 

Of the  45 biomedical  reports  l is ted in  one issue of  GRR, the  average 
length was 43 pages (range two to  273 pages) .  The average OTS pr ice  for  
these reports  was $5.21 (range $0.50 to  $17.50)  for  a  ^11-sized copy,  
and the average pr ice  per  page was $0.12 (range $0.02 to  $0.55) .  Micro
f i lm copies  cost  4<? per  page for  the f i rs t  20 pages,  and 3c for  each 
page over  20.  

Restrictions on Distribution of Biomedical Reports 

Table  VII-2 compares  the number of  biomedical  reports  sponsored by 
DOD, AEC, and NASA and announced in  1962 in  the appropriate  announcement  
per iodicals  with the number of  reports  l is ted by OTS in  GRR and therefore  
avai lable  to  a l l  scient is ts  regardless  of  their  e l igibi l i ty  for  special  
services .  

TABLE VII-2 

NUMBER OF BIOMEDICAL REPORTS ANNOUNCED IN 1962 
BY MEDIUM OF ANNOUNCEMENT 

Sponsor of 
Research 

DOD 

AEC 

NASA 

Number of Reports 
Announced by Sponsoring Agency 

930 

525 

117 

Number of Reports 
Announced by OTS* 

983 (609)  

193 

39 
Totals  1 ,572 1,215 (841)  

*  Figures  in  parentheses  exclude older  mil i tary reports  that  had been 
declassif ied in  1962,  or  that ,  for  other  reasons,  had not  been l is ted 
in  GRR when they were issued.  During 1962,  OTS l i s ted several  hundred 
reports  of  the  Naval  Medical  Research Inst i tute  from the 1940's  and 
1950's .  These largely accounted for  the 374 older  mil i tary reports  
l is ted in  GRR in  1962.  

Some of  the difference between the number of  reports  announced by 
sponsoring agencies  and the number l i s ted by OTS may be explained as  an 
ar t i fact ,  in  that  the categories  included in  count ing reports  in  GRR did 
not  correspond exact ly  with those included in  the counts  of  TAB, NSA, 
and TPA. The analysis  in  Table  VII-3,  however ,  indicates  that  a t  least  
for  DOD reports ,  the difference is  real  and ref lects  res t r ic t ions on 
dis t r ibut ion.  

VII-10 



TABLE VII-3 

RESTRICTIONS ON DISTRIBUTION OF POD BIOMEDICAL REPORTS ANNOUNCE TTJ IQft? 

(Total  number of  DOD reports  announced In  TAB = 930)  

No res t r ic t ions* 609 (65%) 

Some res t r ic t ions** 321 (35%,)  

Reasons of  securi ty  (c lassi f ied)  14 (2%) 

Other  reasons 307 (33%) 

*  Listed in  the "unl imited" document  sect ion of  TAB and therefore  avai l 
able  to  a l l  scient is ts  through OTS,  

**Listed in  " l imited" document  sect ion of  TAB 

For  25 of  the non-classif ied DOD reports  announced in  the " l imited" 
document  sect ion of  TAB, the  entry contained such not ices  as  "no automatic  
re lease to  foreign nat ionals ,"  indicat ing res t r ic t ions for  mil i tary rea
sons.  For  the remainder  of  the reports  l is ted in  the " l imited" document  
sect ion of  TAB, no specif ic  reasons were given.  Copyright  infr ingement  
i s  seldom a  problem with technical  reports .  Therefore ,  i t  must  be as
sumed that  other  considerat ions determined the res t r ic t ions automatical ly  
imposed by not  re leasing documents  to  OTS.  In  an effor t  to  avoid un
necessary res t r ic t ions,  the cr i ter ia  for  l imit ing dis t r ibut ion of  non
c lassi f ied DOD reports  have recent ly  been c lear ly  s ta ted as  fol lows (4)  :  
"When necessary in  the interest  of  securi ty ,  to  protect  corporate  r ights  
not  protected by patents ,  to  protect  the proprietary r ights  of  the Govern
ment ,  to  minimize the l iabi l i ty  of  the Government  or  i t s  employees,  or  
for  e thical  reasons such as  a  protect ion of  information regarding the 
re la t ive meri ts  of  commercial  products ."  

Because the biomedical  reports  announced in  NSA and TEA were a l l  
non-classif ied,  securi ty  considerat ions cannot  explain the res t r ic t ion 
on dis t r ibut ion of  AEC and NASA reports  that  i s  suggeste  y e  re  
t ively small  number avai lable  through OTS.  

I f  they t ry  to  obtain technical  reports  
are not eligible for the services of DDC, ABC, MM 
OTS cannot  supply many no n-c lassi f ied doc"menj^hough t h e  titie and 
t ively high cost  of  reports  i s  a  deterren .  .  e n o u g h  to  warrant  
abstract  of  a  report  l is ted in  GRR may 0 0  f i l» a i i  hook or  the subscr ip-
buying i t  a t  a  pr ice  comparable  with t  a t  o l i t t le  or  no 
t ion ra te  of  some journals ,  the  -P-^^^^nwanted report  for  a  
interest ;  there  is  no provis ion for  re turn g 
refund.  
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CONCLUSIONS 

(1)  Current ly  the volume of  technical  reports  of  potent ia l  interest  
to  biomedical  sc ient is ts  is  small ,  compared with that  of  journal  ar t ic les .  
Only re la t ively few biomedical  sc ient is ts  probably feel  a  need to  use 
technical  report  l i terature  or  are  famil iar  with i t s  resources  and serv
ices .  As biomedical  research increasingly draws upon the physical  sciences,  
and the space program entai ls  more biomedical  research,  i t  is  l ikely that  
the technical  report  l i terature  wil l  assume greater  importance to  bio
medical  sc ient is ts .  

(2)  Whereas  journal  l i terature  is  a  medium of  information exchange 
avai lable  to  a l l ,  use of  technical  report  l i terature  by biomedical  
sc ient is ts  has  of ten been character ized by res t r ic t ions and other  prac
t ical  diff icul t ies .  With the recent  c lar i f icat ion of  U.S.  Publ ic  Heal th  
Service grantees '  e l igibi l i ty  for  DDC services ,  some of  these diff icul t ies  
wil l  disappear ,  a t  least  for  a  large proport ion of  U.S.  workers .  

(3)  Although the technical  report  l i terature  may be more pract ical ly  
accessible  to  many biomedical  sc ient is ts  as  a  resul t  of  recent  develop
ments ,  i f  i t  is  to  be exploi ted effect ively,  the biomedical  community 

t  become bet ter  acquainted with this  resource and biomedical  l ibrar ies  
t  acquire  the special  techniques and tools  required to  handle  i t .  

mus 
mus 
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Staff Paper No. VIII 

ABSTRACTING AND INDBXINC SERVICES IN BIOMED1CINE* 

IWTKODUCTIQN 

; *" endeavored to analyse the functions served 
by abstracting and indexing •ervicea, and to describe qualitatively the 
present effort to provide these services for biomedical scientists. This 
;;P";2;'0Ur end suggests the nature and magnitude of some 
of the P™ble«s associated with improving abstracting and indexing serv-
ices in biowdlclne. Services primarily concerned with the "technical 
report literature ara not conaidarad hart. 

For the proiene purpose, we define "abstracting-indexing services" 
K<KH " 88 88rvlcee issuing for public use, and on a continuing basis. 

°!ra? ® fuldee to the scientific literature consisting of one or 
•la* h ' 0) lists of the titles of documents published 
p SZ CrCj ^atrects or digests of these documents, and (3) indexes 
0 . 686 Such services My be provided as: (1) serial publi-

in acT'pu! 1,41 °' or ••perate sheets, or (3) special sections 
/ .^,en. Journals devoted prlMrlly to other types of material 
must of <rtlc',,» reviews, etc.). All abstracting-indexing services 
ciea' h ®our,*i Include in their product the titles of documents (arti
er odurpnni' •««.). SOM services ("title-lis ting" services) 
vide ab8M-.Vl^l# or c lees if led lists of document titles, others pro-
("index<n0iCt!' or without a subject Index, and still others 

y" aervices) produce Indexes but not abstracts. 

METHODS 

relating tim' ,l#P* r*ul***d published end unPub^ishe^,in^?^Qf 
abstracting i ! p°"c*••• functions, performsnce, and coor M , 
literature ! n® -filcee. Deta on s.rvlce. covering 
^d authorlt t,|d*Hooslly defined, were extracted from the noj^ 
and technologv !* ,ourc* 00 ebetrecting-indexing services 

sy (I). 

service^J^' Hid been no recent essessment of h^ f ̂ ^dertoofa 
limited inve8M0v,r*nt bloMdlcel literature In genera , titutes 

UTERA^W SOM oper.tional how 
c°ropletely 0f bloMdiclne is required f°r 'ZTZZl If services, 

ers this „ Elusively e given service, or comb discus-
sl« of OS. of loci.,,. (S« For the 

U dbfUlnl th. bIo«Al«l Utewt 

"ton or publication reference .  
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present assessment, we defined the literature as all documents generated 
by research similar to that supported by NIH and used, as a sample of 
this universe, all journal articles cited in NIH Research Grants Index 
1962 as resulting from grantees' work.* Each journal represented in the 
sample was looked up in a 1962 compilation of the journals covered by 12 
major U.S. science abstracting-indexing services, and in a list of the 
journals covered by Excerpta Medica.** 

Citations in the Grants Index were not standardized as regards jour
nal names. This introduced two problems: (1) determining whether some of 
the publications cited were, in fact, journals by our definition, viz., 
any scientific or technological periodical issued more than once a year; 
and (2) ruling out errors caused by treating variants of a given journal's 
name as representing separate journals. Because of time and manpower 
limitations, the first difficulty was resolved by including in this sample 
only citations of publications that could be readily identified as jour
nals in available standard references, or else recognized as journals by 
individuals familiar with a wide variety of scientific literature. The 
second was met by considering different journal names synonymous when a 
trained librarian was reasonably certain of their equivalence. These 
decisions resulted in a final sample of 14,334 articles in 882 different 
journals. Fewer than 2 percent of the cited references in the Grants 
Index that possibly represented journal articles had to be excluded from 
the sample. 

For measuring the coverage of biomedical literature, as we defined 
it, our procedure has certain limitations: (1) Assessing coverage from 
lists of journals "covered" by the various services, rather than looking 
for each article in the product of each of the services, has an inherent 
limitation that had to be accepted because of limitations on time and 
manpower. Of the 19 services included in this assessment, only two 
[index Medicus (IM) and Bibliography of Agriculture (BAg)j include all 
the substantive articles in the journals they process regularly. The 
other services "cover" at least some of the sample journals selectively, 
i.e., they process only those papers that fall within their sphere of 
interest. For example, Biological Abstracts (BA) "covers" clinically 
oriented journals selectively by processing only papers considered to be 

interest to "basic" scientists, and Nuclear Science Abstracts (NSA) 
selects papers relating to radioisotopes, nuclear energy, etc. For the 
selective services, therefore, the proportion of the sample articles 
processed can be given only as an upper limit set by the number of sample 
articles in the journals they process. One can only guess what proportion 
of this number they actually processed. (2) Limiting the sample to jour
nal articles, and further to articles in journals that can be readily 
identified, will result in some overestimation of the coverage of all bio
medical documents by abstracting-indexing services. (3) Although NIH 

The output of biomedical research workers, of course, includes other 
types of published documents, e.g., books, papers published in pro
ceedings volumes, etc.; but journals account for over 90 percent of 
the references cited in NIH Grants Research Index 1962. 

** This service, although technically a foreign service, is one that is 
widely available to U.S. biomedical scientists. 
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grantees do publish a significant number of papers in journals of other 
countries, foreign journals are certainly under-represented in the present 
sample as compared with a random sample of the output of all biomedical 
scientists. Because U.S. abstracting-indexing services undoubtedly cover 
U.S. literature more completely, this sample bias also leads to some over-
estimation of their coverage of the biomedical literature. 

GENERAL REVIEW 

Functions 

The basic functions of abstracting-indexing services are: 

(1) announcement -- alerting scientists to the existence of 
new documents that may interest them and that they may 
wish to obtain and read, i.e., facilitating "current 
awareness;" and 

(2) control of the scientific record -- organizing and iden
tifying the documents comprising the scientific record, 
to make it possible to find a desired document, or group 
o f  r e l a t e d  d o c u m e n t s ,  a t  a n y  t i m e  i n  t h e  f u t u r e ,  i . e . ,  
providing an efficient, permanent tool for "retrospective 
search." 

Services 

(3) 

:hat provide abstracts have an additional function: 

readv reference - supplying scientists with a condensed^ 
substitute for the original document when the original is 
inaccessible or in a language foreign to the reader, when 
the subject is of only peripheral interest to the reader 
and the abstract suffices for keeping him broadly informe , 
or when ?he abstract itself contains the information of 
,ro,fecf value to the reader. 

ormance Requirements 
on abstracting-indexing services are 

The major requirements imP0^ tfae function to be served, and 
larized in Table VIII-1 accor g i thin a given function. Serv-
,hly in order of relative impor a ^ function are often forced to 

that attempt to perform more t ^ lfJ> a service that issues a 
romise on major requiremen s. "CUrrent awareness," as well 
iographic guide or "tool" intended The extensive 
or searching the literature, . ts for the latter function 
ess ing needed to meet the reP"1 indexing, and consistency) tends 
lusiveness, richness and depth decrease the tool's value 
educe promptness of *™ounce™f'Ts for serving as a ready reference 
current awareness. The requ important for the announcemen 
rally conflict with the curren y l lct  even when only one func
tion. Different requiremen s ^ vg ̂  inclusiveness, currency vs. 
is to be served, e.g., conve^ breadth of coverage vs. 

usiveness or exclusiveness and * ed by economics and avail 
. Additional compromises are n 
ity of qualified personnel. 
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TABLE VIII-1 

REQUIREMENTS OF ABSTRACTING-INDEXING SERVICES 

For announcement 

1. Currency -- promptness of announcement of new documents 
2. Convenience of use -- manageable size, arrangement suited to 

user, ease of perusing ("browsability") 
3. Indusiveness or exclusiveness — either assurance of coverage 

of "all" relevant references or limitation of coverage to only 
those representing the "best" by some criterion 

4. Specialization — scope of coverage coincident with, and 
limited to, interests of users 

For control of scientific record 

1• Stability — continuity and dependability of service 
2. Indus iveness 
3• Breadth of coverage (the broader the range of subject matter 

covered, the fewer the different services that must be consulted 
in searching the scientific record) 

4. "Richness" and "depth" of indexing -- permitting search from 
the multiple points of view natural to various types of users 
and at different levels of specificity (e.g., both classes of 
drugs and specific drugs); assurance of minimal "loss" of 
relevant references that are included in the service 
Consistency -- control of quality and form of abstracts or 
index entries, uniformity and completeness of bibliographic 
entries, and reasonable conservatism in changing indexing 
terminology or style for citing journals 

6. Currency 

For ready reference (applies to abstracts only) 

I' Understandability — without recourse to original document 
2. Readability 

Slanting "" concentration on the information roost "signifi
cant to a particular group of readers 
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Economics 

The cost  of  processing a  document  var ies  widely from one abstract ing-
indexing service to  another  and depends on many factors ,  including the 
proport ion of  volunteer  to  paid personnel ,  currency,  inclusiveness ,  depth 
and r ichness  of  indexing,  qual i ty  s tandards,  and form of  d isseminat ion.  
A general  economic law for  such services  seems to  be that  the cost  r ises  
exponent ia l ly  with at tempts  to  fulf i l l  more completely any of  the  require
ments  on performance.  Given f ini te  l imitat ions on the funds and manpower 
avai lable  to  a  service,  i t  is  apparent  that  compromises  and " t rade-offs"  
are  inevi table .  

Sponsors  

The t radi t ional  sponsors  of  abstract ing-indexing services  are  
scient i f ic  societ ies .  Organizat ions represent ing the classic ,  broad 
discipl inary groupings (e .g . ,  chemistry,  physics ,  and biology)  are  res
ponsible  for  the largest  U.S.  abstract ing services .  Organizat ions of  
appl ied scient is ts  (e .g . ,  engineers  and medical  pract i t ioners)  a lso 
maintain major  abstract ing and indexing services .  Commercial  in terests  
supply a  number of  important  services  that  are  avai lable  for  publ ic  
contrasted with intramural)  use,  e .g . ,  the Agricu t u  — ^"7^Vernments  
Contents  of  Chemical .  Pharmaco -Medical  and Life  Sciences 

t some services as  national resources ,  e .g . ,  .  numbers  of  
C  T T C Q D  More recent ly ,  increasing numbers  embracing services  of  the USSR. More e  y,  r e s e a r ch programs have 

pr ivate  and governmental  agencies  that  e o rvfres  intended to  
begun to  sponsor  special ized abstract ing-indexing^serv^ 
fur ther  their  specif ic  missions,  e .g . ,  ^  E n e r gy Commission (NSA),  
(abstract  sect ion of  Circulat ion) ,  ,^ .pharmacology Abstracts) ,  
and the Nat ional  Inst i tute  of  Mental  Heai tn  t£syc__K 

tppor  t  

In  the past ,  U.S.  abstract ing 8®™^" pUon JatL for  some of  the  

Z adStiS 
>peared that  fur ther  increases  are  no t  Federal  support ,  d i rect  
:venue.  The present  t rend is  j j  , e rvices .  
id indirect ,  of  the major  pr ivate ,  non prof  

i iavp always been direct  
Some of  the largest  U.S.  indexingservi j^  ^  and many of  the  

>erat ions of  the Federal  governme n^ '  o n  Federal  support  for  a  or  
iwer  abstract ing-indexing services  
)s t  of  their  funds.  

aproaches 
,  a n D r o aches to  their  services  may be 

Sponsoring organizat ions PP I l o r i e n t a t ion" and abstract ing 
laracter ized along two major  t h ese  services  can be c lass i -
>hi losophy."  With regar  °  l o n_ o r i ented vs .  mission-  or  pro em 
Led as  discipl ine-  or  pro *  i e n t ed services  (e .g . ,  C_emica_ 
- ipnt-oH The broad discipj-J-
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Abstracts (CA) and BaJ have generally tended to emphasize the long-term 
function-of controlling the scientific record, with the attendant prior
ities in requirements. Mission-oriented services and many of the spe
cialized profession-oriented services, such as the abstract sections in 
journals devoted to medical specialties and Psvchopharmacology Abstracts, 
usually give priority to the short-term function of announcement. With 
regard to abstracting philosophy, the contrasting approaches are the 
"slanted" abstract and the "balanced" abstract. Most services claim that 
their product is especially tailored, or slanted, for a specific popula
tion of users, i.e., the abstracts are written from a special viewpoint 
and in a special language, or are designed to present only certain types 
of information. Services advocating the balanced abstract attempt to 
produce an abstract useful to the broadest possible audience. The suc
cess of the major disciplinary services in achieving their avowed aim of 
slanting their abstracts is not notable in practice (3,4); however, cer
tain services for applied scientists have demonstrated the feasibility 
of producing abstracts that are distinctly and consistently slanted, e.g., 
Modern Medicine. 

Number of Services 

More than 1,800 abstracting-indexing services exist for science and 
technology (1). About 470 of these process literature that is, at least 
in part, "biomedical" by the traditional definition. Appendix VIII-A 
lists 326 services of interest to biomediclne that are published in 
foreign countries and gives the form and volume of their output. A con
siderable number of these services are in English. Table VIII-2 summar
izes foreign services by country. There are 142 U.S. services of interest 
to biomedicine (listed in Appendix VIII-B with form and volume of annual 
output). 

Total Output 

1 o™T^LCO!nbined annual output of all these biomedical services is over 
1,200,000 abstracts. In addition, almost 700.000 documents are processed 

DATA AND DISCUSSION 

U.S. Services 

Is. These smaller services perform 
ready reference" functions. U.S. 

VIII-6 



TABLE VIII-2 

FOREIGN BIOMEDICAL ABSTRACTING 
— a r . K V i t : K S  

No. 
Printed 

Country 

Argentina 
Austria 
Belgium 
Brazil 
Bulgaria 
Canada 
China 
Czechoslovakia 
Denmark 
England 
Finland 
France 
Germany 
Hungary 
India 
Italy 
Japan 
Netherlands 
Poland 
Portugal 
Human ia 
Scotland 
Spain 
Sweden 
Switzer land 
USSR 
Yugoslavia  

Total 

No. 
Services 

as Section 
of Journal 

Total No. 
Abstracts/Y 

6 4 1,210 
7 6 2,850 
3 3 1,100 
A 3 900 
2 - - 9,400 
1 1 500 
S I 15,500 

13 6 16,140 
4 1 1,700 

27 9 62,850 
2 1 800 

38 30 134,220 
60 37 165,100 

3 1 1,000 
3 3 1,400 

42 37 14,450 
IS 8 38,170 
27 3 82,400 
10 10 4,120 
1 1 1,000 
8 3 9,340 
3 2 6,000 
S 3 1,300 
2 2 400 
6 4 2,300 

21 s 222,120 
8 6 7,070 

326 190 803,340 

Total No. 
Documents Listed 

or Indexed/Yr.* 

4,000 
3,000 

1,000 

59,000 
1,500 

17,300 
100 

7,600 
11,850 
16,900 

62 ,800  
18,400 

4,400 
5,500 
2 ,000  

12 ,000  
15,000 

242,350 

Eluding those abstracted 

-• National Federation of Science Abetractlng and Ind ^g ^ ience 

guide to the attracting and lj!dexingServx£e 
end Techno I r>gy Washington, D.C., NFS*1S ' 'e 

See "Hrthoda" icction for discussion of this 
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TABLE VIII-3 

U S. ABSTRACTING OR INDEXING SERVICES PROCESSING MORE THAN 
10.000 DOCUMENTS ANNUALLY 

No. Documents Processed 

1952 1962 % Increase 

Provide Abstracts 
Chemical Abstracts 55,000 165,000 200 
Biological Abstracts 37,400 100,000 170 
Nuclear Science Abstracts 6,800 33,000 390 
Psychological Abstracts 7,300 10,000 37 

Total 106,500 308,000 190 

Provide Indexes Only 
Index Medicus* 96,000 145,000 51 
Bibliography of Agriculture 96,000 100,000 4 
Index Chemicus** did not exist ? — 

Chemical Titles did not exist 75,000 — 

Agricultural Index 40,000 — 

Biochemical Title Index* did not exist 24,000 — 

Hospital Literature Index — 17,500 — 

National Library of 
Medicine Catalogued 15,000 — 

j —  v.  v  u w  i i k c i a i u i c  L a m u g  

within the traditional concept of "biomedical." 
**This service provides graphic "abstracts" of the synthesis of about 

100,000 new chemical compounds annually and indexes these compounds. 
The number of documents processed is somewhat less than the number of 
compounds listed, 

t Covers only non-serial publications. 

Sources; For 1952 figures: 

Chemical Abstracts: Read from graph in Crane, E.J., Chemical Abstracts, 
Yesterday, Today, and Tomorrow. Proceedings of the Chemical Society, 
December 1957, p. 335. ~ 

Biological Abstracts: Personal communication from Phyllis V. Parkinson, 
Staff of Biological Abstracts, October 14, 1963. 

Nuclear Science Abstracts: Actual count. 

Psychological Abstracts: Personal communication from Mrs. Betty Galloway, 
t j ,0,r^al 0ffice> American Psychological Association, October 10, 1963. 

die us: Estimated from count of every tenth page of Current List 
of Medical Literature, the predecessor of Index Medicus. 
°^raphy o£ Aftriculture: Personal communication from Mr. L. Lulitch, 

Division of Indexing and Documentation, National Agricultural Library. 

For 1962 figures; 

°f Sci6nCe Abstracting and Indexing Services. Guide 
, 6—-§•—rr stracting and Indexing Services in Science and Tech^ 

BologWashington, D.C., NFSAIS, 1963. The figures given in thlT^ 

partCofW1962 6 mailable to the compilers during the latter 
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services  that  process  10 000 n r  

abstracts  or  indexes are ' l is ted in TablTviII^^ r lTl  T? Pn°V i d e  £ i t h e r  

the  four  larger  abstract ing services  (only T h e f . c o f 1™ d  o u t p u t  o f  

of  U.S.  abstract ing services)  const i tutes  three-quarters  oi  aU°rte  
The predorainance of - — 2" 

(T  ,  ]T hv^°wth of S Ome o f  t h e  l a r® e  services  over  the past  10 years  
Ld P  h f  a m p r e s s i v e -  T h e  total  output  of  abstracts  a lmost  t r iplet  
and the number of  documents  processed by indexing services  must  have in
creased even more sharply.  But ,  for  the reasons mentioned in  connect ion 
with total  output ,  the increase in  the output  of  any or  a l l  of  these serv
ices  (with the possible  except ion of  IM) i s  not  a  re l iable  measure of  the 
over-al l  growth of  biomedical  l i terature .  (See Staff  Paper  No.  V for  
es t imates  of  the growth of  U.S.  biomedical  l i terature . )  The combined 
output  of  these large services  alone has  increased more rapidly than even 
the wildest  es t imates  of  the increase in  the volume of  sc ient i f ic  l i tera
ture  in  general ,  or  biomedical  l i terature  in  par t icular .  In  addi t ion,  of  
the  U.S.  services  l is ted in  Appendix VIII-B,  about  40 percent  were s tar ted 
af ter  1952.  Thus,  there  is  a  s t rong implicat ion that  U.S.  services  are  
now covering a  greater  proport ion of  the biomedical  l i terature  than they 
did a  decade ago.  

Cost  

An average of  $10 per  document  processed (abstracted or  indexed)  is  
a  reasonable  est imate  of  uni t  costs ,  a t  least  for  the major  d iscipl ine-
or iented services .  Some of  the  smaller ,  special ized services  are  known 
to  have costs  as  high as  $50 per  document .  I f  al lowance is  made for  the 
non-biomedical  coverage of  services  such as  CA and NSA,* a  conservat ive 
es t imate  of  to ta l  U.S.  expendi tures  in  1962 for  abstract ing and indexing 
biomedical  l i terature  is  $4 mil l ion.** 

A recent  s tudy (5)  concluded that  uni t  costs  are  doubl ing every 12 
years .  I f  the biomedical  l i terature  grows a t  the same ra te  as  i t  did in  
the past  10 years ,  i .e . ,  about  30 percent  (see Staff  Papers  Nos.  I  and V 
for  growth f igures  using two different  def ini t ions of  the  l i terature) ,  
abstract ing and indexing may be expected to  cost  a  minimum of  $9 mil l ion"" 
in  1972,  even i f  the performance of  the  present  services  is  not  improved 
and no new services  are  es tabl ished.  

Inclusiveness  of  U.S.  Services  

Present  Assessment .  Table  VIII-4 shows how 13 major  abstractmg-
indexing services  covered the sample of  biomedical  l i terature_selected _ 
for  th is  s tudy.  I f  these data  are  interpreted with appreciat ion of  their  
l imitat  ions (see discussion under  "Methods") ,  they provide a  useful  pic
ture  of  coverage by the larger  U.S.  services ,  and by Excerpta  Medica (EM),  
the  largest  foreign biomedical  service avai lable  in  Engl ish.  

*  After  making this  al lowance,  we are  lef t  with a n  annual  output  of  about  
200,000 abstracts  and 200,000 documents  processed by indexing only.  

** Not  included in  these est imates  are  the costs  of  the extensive 
mural"  services  supported by pharmaceut ical  companies .  
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TABLE VIII-4 

COVERAGE BY MAJOR ABSTRACTING-INDEXING SERVICES OF SAMPLE* OF OUTPUT 
OF U.S.  BIOMEDICAL RESEARCH 

No.  :  Sample % All  No.  Sample % All  
Journals  Journals  Papers  in  Pro Papers  

Services  Processedt  in  Sample cessed Journals  in  Sample 

Index Medicus** 598 (63)  68 12,590 88 
Excerpta  Medica 514 (17)  58 11,771 82 
Biological  Abstracts  514 (28)  58 11,622 81 
Chemical  Abstracts  506 (22)  58 11,611 81 
Bibl iography of  Agricul ture** 263 (13)  30 6,  817 48 
Psychological  Abstracts  151 (10)  17 3,854 27 
Nuclear  Science Abstracts  67 (0)  8  4,002 28 
Mathematical  Reviews 37 (D 4 1,406 10 
Applied Mechanics  Reviews 33 (2)  4  763 5  
Review of  Metal  Li terature  30 (2)  3  1,001 7 
Engineer ing Index 26 (1)  3  791 5  
Meteorological  and Geoastrophysical  

Abstracts  23 (0)  3  919 6 
Internat ional  Aerospace Abstracts  12 (0)  1  247 2  

Processed by None of  Above Services  23 3  216 2 

*  Sample consis ts  of  14,334 papers  c i ted in  NIH Research Grants  Index.  1962.  These papers  were 
publ ished in  882 different  journals .  

** These two services  process  a l l  substant ive ar t ic les  in  a l l  the journals  that  they cover .  The 
remaining services  cover  some or  a l l  of  the sample journals  select ively.  

t  The f igures  in  parentheses  represent  the number of  journals  processed by only this  one of  the 
13 services ,  i .e . ,  the "unique" coverage of  the sample journals  by the given service.  



rate measures of coverage in terms of sample articles. How closely the 
various services approach these theoretical upper limits of coverage 

TamitS* f fa TrT lovexaZe may come close to the indicated upper 
li it. For BA and CA, the actual coverage of sample articles is probably 
sigm icantly less than the figures given; and services such as NSA prob
ably process only a fraction of the sample articles in the journals they 
cover. J J 

The percentages shown in the last column indicate how the services 
concentrate their efforts on the journals that publish relatively large 
numbers of articles (6) (e.g., IM covers 68 percent of the sample jour
nals but 88 percent of the sample articles). The journals not covered 
by any of the services (listed in Appendix VIII-C, Part I) contained only 
a very small number of the sample articles. 

The combined coverage of sample articles by all 13 services is some
where between the 94 percent accounted for by the combination of IM and 
BAg and 98 percent. The coverage of IM is surprisingly inclusive, con
sidering that many of the sample journals were devoted to subject matter 
not considered to be "biomedical" by the traditional definition (e.g., 
chemistry, social sciences, and mathematical sciences). Of the journals 
it covered, 63 were processed by none of the other services, for a higher 
proportion of "unique" coverage than any of the other services. Sample 
journals not covered by IM are listed in Appendix VIII-C, Part III. 

Although the relative contributions of the listed services toward 
coverage is not strictly proportional to either of the percentage figures 
in Table VIII-4, six services stand out as major contributors. One of 
these, BAg, is not often considered to be a major service for biomedical 
research workers. The remaining seven services together added only 11 
sample journals (listed in Appendix VIII-C, Part II) to the 848 covered 
by one or more of the six major contributors to biomedical coverage. 

How these six services covered the sample is analyzed in detail in 
Appendix VIII-D and summarized in Table VIII-5. The 153 journals covered 
by only one of the six services contained only 5 percent of the papers in 
the sample; whereas the 31 journals covered by all six services contained 
19 percent of the sample articles. Sample journals not covered by any of 
the six services contained fewer than 2 percent of the sample papers, but 
again, the actual combined coverage cannot be said with certainty to ex
ceed 94 percent (the combined coverage of IM and BAg). 

Table VIII-6 summarizes the coverage afforded by the four of these 
six services that provide abstracts. Although the journals not covered 
by any of the four abstracting services contained only about 5 percent 
of the sample articles (see Appendix VIII-C, Part IV for list of these 
journals), because of the selectivity of the abstracting services, one 
cannot conclude that 95 percent of all the sample papers were abstracted 
by at least one of the services, and no lower limit can be placed on the 
combined coverage by these abstracting services from the present data. 
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TABLE VIII-5 

OVERLAPPING COVERAGE OF SAMPLE" OF OUTPUT OF U.S. B1Q1EDICAL RESEARCH 
BY SIX MAJOR ABSTRACTING-INDEXING SERVICES* 

No. Services Processing 
Sample Journal 

All 6 services 
Some 5 of the 
Some 4 of the 
Some 3 of 
Some 2 of the 
Only 1 of the 

6 services 
6 services 

the 6 services 
6 services 
6 services 

None of the 6 services 

No. Sample Journals 
So Processed 

31 
101 
197 
182 
184 
153 

34 

7. All Sample 
Journals 

4 
11 
22 
21 
21 
17 
4 

Totals 882 100 

TABLE VIII-6 

OVERLAPPING COVERAGE OF SAMPLE* OF OUTPUT OP U.S. BIOMEDICAL RESEARCH 
BY FOUR MAJOR ABSTRACTING SERVICESf 

No. Services Processing 
Sample Journal 

All 4 services 
Some 3 of the 4 services 
Some 2 of the 4 services 
Only 1 of the 4 services 
None of the 4 services 

Totals 

No. Sample Journals 
So Processed 

63 
254 
230 
225 
110 

882 

% All Sample 
Journals 

7 
29 
26 
26 
12 

100 

4 1ST Theŝ paperspublish SYV" "" C""" ̂  P lished m 882 different journals. 
** Index Medicus. Excerpta Medio* m , - . , 

Abstracts. Bibl3>olQRical Abstracts, Chemical 
and Psychological Abstrac ts 

t Excerpta Medica. Biological AW„ 
Psychological Abstracts -ract£> Chemical Abstracts, and 

VIII-12 



I f  the sample had included a l l  references c i ted in  the Grants  Index 
ra ther  than only those easi ly  recognized as  journal  ar t ic les ,  the general  
p ic ture  would not  be changed appreciably,  because the references excluded 
from the sample were fewer  than 2 percent  of  the total .  However ,  i f  the 
sample had included a  higher  proport ion of  foreign ar t ic les ,  the coverage 
of  th is  gi  oup of  services  would have been less  comprehensive.  

Comparison with Other  Studies .  A 1961 s tudy (7)  of  the  coverage of  
cardiovascular ,  endocrine,  and psychopharmacological  l i terature* found 
that  the best  coverage of  the sample ar t ic les  by any one abstract ing serv
ice  (EM) was 43 percent ,  and that  BA, CA, EM, and Psychological  Abstracts  
(PA) together  had abstracted only about  70 percent  of  the  sample ar t ic les  
that  were 1  to  4 years  old.  The coverage of  the Current  Lis t  of  Medical  
Li terature  (CL) ( the predecessor  of  IM),  however ,  was found to  be a lmost  
the same (67 percent  of  the  ar t ic les  in  the sample)  as  in  our  own s tudy.  
The authors  concluded:  

"A worker  in  the problem-oriented f ie lds  of  medical  research 
s tudied wil l  probably f ind that  none of  the s tandard abstract ing 
services  adequately covers  his  f ie ld  and,  a l though a  combinat ion 
of  three or  four  of  these services  wil l  give him sat isfactory 
coverage,  i t  is  hardly pract ical ,  lacking completely current  
subject  indexes to  these services ,  for  a  researcher  to  scan them 
a l l  to  a ler t  him to  relevant  work.  At  present ,  the Index Medicus 
i s  probably one of  the  bet ter  tools  for  this  purpose."  

The actual  coverage by abstract ing services  of  the ar t ic les  in  the 
sample used for  the present  s tudy is  probably somewhere between the f ig
ures  es tabl ished in  this  ear l ier  s tudy and the upper  l imits  given in  
Table  VIII-4.  

Overlapping Coverage 

Present  Assessment .  Tables  VIII-5 and VIII-6 indicate  the extent  of  
over lapping coverage of  the sample journals ,  and Appendix VIII-D gives  the 
f requency with which any given combinat ion of  services  covered the same 
journal .  

The journals  in  the sample that  were covered by any of  the  s ix  ab
s t ract ing or  indexing services  included in  Table  VIII-5 were processed,  
on the average,  by three different  services .  When only four  abstract ing 
services  are  considered (Table  VIII-6) ,  the corresponding f igure on dupl i 
cate  coverage is  2 .1 .  From the present  data  no conclusions can be drawn 
about  to ta l  dupl icat ion of  processing of  individual  ar t ic les .  

„ l th  Other  Studies .  The 1961 s tud,  c i ted above (7)  found 
that  40 percent  of  a l l  the abstracts  of  sample ar t ic les  produced by BA, 
CA, EM, and PA mere of  ar t ic les  abstracted by more than one of  

^° th;  study,  each a bs t r a c t l ng - lndex ing  service »as  searched f o r  every 
ar t ic le  in a  re la t ively small  sample of  l i terature .  
s is ted of  ar t ic les  resul t ing from papers  given a t  selected,  major  U.S.  
meet ings for  research workers  in  these f ie lds .  

VIII-13 



The Welch Medical Library Study in the early 1950's also showed 
marked overlapping and concluded. 

"As has been pointed out for the five major services [BA, CA, EM, PA, 
and CLl there is a great amount of overlapping and duplication among 
them This is even more accentuated when we take into account all 
the services and beyond these the great number of other journals that 
publish abstracts as a regular feature. A tremendous amount of time 
and effort is being expended on keeping up with the literature. It 
would seem that a great deal of it is wasteful. There is certainly 
a great need for more coordination of effort and publication and 
particularly among the major services. 

A recent study (5) concludes that the world's scientific Journals are 
being covered, on the average, nearly four times by U.S. abstracting and 
indexing services. 

Significance of Overlapping Coverage. Coverage of a given journal 
or a given article by more than one service does not necessarily consti
tute wasteful duplication, because different services have different users 
and may serve different functions. However, it does represent an opportu
nity for saving time and effort by cooperative arrangements to minimize 
duplication of processing. This was the basic rationale for the formation 
in 1958 of the National Federation of Science Abstracting and Indexing 
Services (NFSAIS), a voluntary association of major, non-profit U.S. serv
ices. Recent actions indicate the beginning of progress toward the goal 
of close cooperation; however, much remains to be done. One of the gen
eral conclusions of a 1963 study commissioned by NFSAIS states (5): "There 
is much duplication of effort among many services in their production oper
ations. An orderly plan for increasing joint action is greatly needed. 
There is too little cooperation at present and few plans are being made in 
this direction." 

Currency 

No attempt was made in the present study to collect original data on 
the interval between publication of a journal article and its appearance 
in the various services. Data on this interval from the previously cited 
1961 study (7) are given in Table VIII-7. 

These figures were based on articles published almost entirely in 
the U.S. journals. U.S. abstracting and indexing services are understand
ably somewhat slower in processing articles in foreign languages. A 1963 
s u y of mental health literature (9), which included in its sample a pro
portionate share of foreign articles, found the following median figures 
IM- S2 J°urnal Publication and abstracting-indexing coverage 
Site S' I l !°nth8' M: 8 TOnths. and PA: " months. These are 
VIII-7 excpnt- f 1 L i8ures for psychopharmacological papers in Table 

CL in the ^ deCreaSe ln the "««• 
3 to 4 months nnn« ^ atudy» is Probably also significant. Whereas ,  
one current^ h t0 * * goal for the broad services, and 

currently being approached by IM and CA, services that process 
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restively few articles can'achieve greater currency [e. g .  8 weeks for 
the Hospital Literature Index (9)]. L tor 

TABLE VIII-7 

INTERVAL IN MONTHS BETWEEN PRIMARY AND SECONDARY PUBLICATION 

SERVICE 
CARDIOVASCULAR ENDOCRINE PSYCHOPHARMACOLOOTCAT. SERVICE Average Range Average Range Average Range 

BA 5.9 3-14 5.8 3-9 9.4 3-23 CA 3.5 2-6 4.1 2-8 5.2 2-15 EM 10.4 5-16 8.1 3-18 12.4 6-30 
CL 4.0 2-16 3.8 2-7 4.9 2-28 
PA - - - 14.9 4-20 

CONCLUSIONS 

(1) With the help of increasing Federal support, U.S. abstracting-
indexing coverage of biomedical literature has improved significantly 
as regards inclusiveness and currency. 

(2) At present, although some gaps undoubtedly still exist, particu
larly in foreign coverage and in the social sciences, the combined cover
age of abstracting-indexing services available in English most probably 
exceeds 90 percent of all documents useful to biomedical scientists. 
Abstracts, however, are not available for this high a percentage of the 
biomedical literature. 

(3) A significant portion of the current effort goes to processing 
particular journals and articles several times. How much of this dupli
cation is of marginal utility is unknown, but it is reasonable to con
clude that there could be better sharing of work involved in some of the 
steps of document processing. If the coverage of document processing 
services is to approach completeness, and if current demands for greater 
currency and better indexing are to be met, effective work-sharing must 
take place even if the funds available for these services increase several-
fold in the next few years. 

(4) Progress toward work-sharing among these services has begun, but 
is slow. The cooperation necessary for achieving major improvements in 
the over-all level of biomedical abstracting-indexing must be developed 
at national and international levels. Many practical problems remain to 
be solved before large savings can be realized and the savings turned to 
improving services and closing gaps. Agreement is required on many basic 
details of document processing and on division of labor. Some standard
ization of form and content of output will have to be accepted under any 
circumstances, and if modern technology is to be fully exploited, more 
standardization will be required. 
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APPENDIX VIII-A 

FOREIGN ABSTRACTING AND INDEXING SERVICES OF INTEREST TO BIOMEDICINE 
(See Explanatory Notes at End) 

Provides 
No. 
Ab-

Lists No. Printed 
Documents as Sec-

Title Country 
Ab- stracts Indexes Listed or tion 

tracts? / yr. only? Indexed/yr. Jourr 

X  1,200 
X  200* - - - - - -

X  800* X  
X  400* - - r • ' i  X  

X  1,000* — - - X  
- - - - X  ? X  

- ~ X  1,000 X  

X  1,800 X  

X  500 - -

X  400* X  

X  400* - - - - - -

- - X  4,000 X  

X  5,000* - -

_ _ «... X  500 X  

X  700* 
" 

X  

X  2,000* _ _ X  

X  1,200* - - - - X  

X  100 - - - - X  

X  200 - - — X  

X  600* — - - X  

X  500* — — X  

_ _ X  7,000* - -

X  750* - - - - X  

X  600* - - - - X  

X  700 - - X  

X  500* - - X  

X  2,000 - - - - X  

Abstracts of Bulgarian Scien
tific Literature, Biology 
and Medicine, English ed Bulgaria 

Acta Cardiologica Belgium 
Acta Gastro-Enterologica 

Belgica Belgium 
Acta Hepato-Splenologica Germany 
Acta Medica Italica di Malattie 

Infettive e Parassitarie Italy 
Acta Medica Polona Poland 
Acta Tropica."Bibliographie".. .Switzerland 
Acta Vitaminologies; Rivista 

Internazionale di Vitamin-
ologia e di Enzimologia Italy 

Arztliche Sammelblatter Germany 
Aggiornamenti di Terapia 

Of ta lmo 1 og ica I ta ly 
Anaes thes ia England 
Anales de Bromatologia Spain 
Analytical Abstracts England 
Anesthesie, Analgesie, 

Reanimation France 
Annales d'Oculistique France 
Annales de Dermatologie et de 

Syphiligraphie et Bulletin de 
la Societe Francaise de Derma
tologie et de Syphiligraphie..France 

Annali della Sanita Pubblica...Italy 
Annali de Stomatologia Italy 
Annali Italiani di Chirurgia.. .Italy 
Annals of the Rheumatic 

Diseases .England 
L'Annee Psychologique France 
Annual of Czechoslovak Med- Czechoslo-

ical Literature vakia 
Antiseptic • • .India 
Archiv fur Geschwulstforschung Germany 
Archiv fur Kinderheilkunde- • ••.Germany 
Archiv fur Physikalische 

Therapie .Germany 
Archives d'Ophthalmologic et 

Revue Generale d'Ophthal-
mologie France 
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No. Lists No. Printed 
Provides Ab- or Documents as Sec-

Ab- stracts Indexes Listed or tion of 
Country stracts? /yr. only? Indexedfrr. Journal? 

Archives des Maladies de l'Ap-
pareil Digestif et des 
Maladies de la Nutrition France 

Archives des Maladies du Coeur 
et des Vaisseaux France 

Archives des Maladies Profes-
sionnelles de Medecine dur 
Travail et de Securite Soctale France 

Archivio di Tisiologia e delle 
Malattie dell'Apparato 
Respirator io Italy 

Archivio "Putti" di Chirurgia 
degli Organi di Movimento Italy 

Archivio Veterinario Italiano Italy 
Archivos Argentinos de Enferme-

dades del Aparato Digestivo Argentina 
Arhiv za Higijenu Rada i 

Toksikologiju Yugoslavia 
Arkhiv Patalogii USSR 
Arquivos Brasieilros de Nutricao. ..Brazil 
Arquivos de Neuro-Psiquiatria Brazil 
Arzneimittel Standardisierung Germany 
Berichte uber die Allgemeine 

und Spezielle Pathologie Germany 
Berichte uber die Gesamte Biologie 

Abteilung A: Berichte uber die 
Wissenschaftliche Biologie Germany 

Berichte uber die Gesamte Biologie 
Abteilung B: Berichte uber 
die Gesamte Physiologie und 
Exper imentalle Pharmakologie Germany 

Berichte uber die Gesamte 
Gynakologie und Geburtshilfe 
sowie deren Grenzgebiete Germany 

Bibliograffa Medica International.. Spain 
Bibliografia Scientifica 

Medicina e Chirurgia Italy 
Bibliographia Medica Czechoslo-

Cechoslovaca vakia 
Bibliographia Medica Helvetica Switzerland 
Bibliography of Systematic 

Oology England 
Bilten Naucne Dokumentacije 

za Farmaciju Yugoslavia 
Bilten Naucne Dokuroentacije 

za Medicinu i Veterinu Yugoslavia 
Biologisches Zentralblatt Germany 
Bitamin. Vitamins Japan 

x 
X 

X 

X 

X 
X 

300* 

2,000* 

500 

900* 
300 

100* 

120 
400 

150* 
100 

3,000* 

500* 

500* 

3,000* 
1,000* 

600 

1,000 

x 
x 
x 
X 
X 

X 

X 

8,000* 
10,000* 

900 

X 2,500 — 

X 1,200 • •  

X 200 X 

X 300 x 
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r 

Title Country 

Blood Group News Denmark 
Bollettino d'Oculistica Italy 
Bollettino Schermografia Italy 
British Journal of Dermatology.... England 
British Journal of Medical 

Psychology England 
British Journal of Physio

logical Optics England 
British Journal of Plastic 

Surgery Scotland 
British Journal of Urology Scotland 
British Journal of Venereal 

Diseases England 
British Medical Abstracts England 
Bulgarska Akademiya na Naukite. 

Komitet po Teknicheskiya Pro-
gres. Informatsionen Byuletin: 
Selsko Stopanstvo Veterinarna 
Medits ina Bulgaria 

Bulletin de l'Institut Pasteur.... France 
Bulletin de la Societe Scienti-

fique d'Hygiene Alimentaire; 
1'Alimentation et la Vie France 

Bulletin de Microscopie 
Appliquee France 

Bulletin of Hygiene England 
Bulletin of Narcotics Switzerland 
Bulletin Signaletique. Section 

12: Biophysique. Biochimie, 
Chimie analytique biologique. ... France 

Bulletin Signaletique. Section 
13: Sciences Pharmacologiques. 
Toxicologie France 

Bulletin Signaletique. Section 
14: Microbiologie. Virus. 
Bacteriophages. Immunologie. 
Genetique France 

Bulletin Signaletique. Section 
15: Pathologie Generale et 
Experimentale France 

Bulletin Signaletique. Section 
16: Biologie et Physiologie 
Anitnales France 

Calcutta Medical Journal India 
Canadian Medical Association 

Journal. Le Journal de 
l'Association Medicale 
Canadienne Canada 

Cardiologia nel Mondo Italy 

No. Lists No. Printed 
Provides Ab- or Documents as Sec-

Ab- stracts Indexes Listed or tion of 
stractd? /yr. only? Indexed^r. Journal? 

x 

x 

X 

X 

- - X 300 - -

- - X 1,500 X 
- - X 150 X 
500" — - - X 

150 — — X 

150 — — X 

X 150* X 

- - X 4,250* X 

200* X 

x 1,000 

x 8,200 
x 12,000* 

x 120* 

x 4,000* 

x 12,000* 

x 10,000 

x 12,000* 

x 15,000* 

2,400* 

1,000* 

x 

X 

X 

36,000* 
400 

x 500 
x 2,800* 
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No. Lists No. Printed 
Provides Ab- or Documents as Sec-

Ab- stracts Indexes Listed or tion of 
Title Country stracts? / yr. only? Indexedfrr. Journal? 

Ceskoslovenska Farmacie Czechoslovakia x 400 -- -- x 
Ceskoslovenska Fysiologie.... Czechoslovakia x 120 -- -- x 
Ceskoslovenska Pediatrie Czechoslovakia x 120 -- -- x 
Chemisches Zentralblatt Germany 
Chest Disease Index and Abstracts . England 
Chimie Analytique France x 1,500* -- -- x 
Chinese Medical Journal China x 1,000 -- — x 
Der Chirurg Germany x 300* -- 100* x 
Chirurgia Narzadow Ruchu i 

Ortopedia Polska Poland x iw -- -- x 
Courrier France x 5,000* — — x 
Cuore e Circolazione Italy 
Current Work in the History 

of Medicine England -- -- x 4,000 
Czasopismo Stomatologiczne Poland 
Dairy Science Abstracts England 
Danish Medical Bulletin Denmark 
Dermatologische Wochenschrift Germany x 500* -- -- x 
Das Deutsche Gesundheitswesen Germany -- — x 2 000 x 
Deutsche Zahn-, Mund- and Kiefer-

heilkunde mit Zentralblatt fur 
die Gesamte Zahn-, Mund- und 
Kieferheilkunde Germany -- -- x i qoo* 

Deutsche Zeitschrift fur die Ges
amte Gerichtliche Medizin Germany x 3 000* -- x 

Duodecim Finland - 'x ioo x 
Encyclopedic Veterinaire 

Periodique France 
Endokrinologie Germany 
Excerpta Criminologica Netherlands 
Excerpta Medica. Section I: 

Anatomy, Anthropology, 
Embryology, Histology Netherlands 

Excerpta Medica. Section II: 
Physiology, Biochemistry 
and Pharmacology Netherlands 

Excerpta Medica. Section III: 
Endocrinology Netherlands 

Excerpta Medica. Section IV: 
Medical Microbiology, Inmmn-
ology and Serology Netherlands 

Excerpta Medica. Section V: 
General Pathology and Patho-
logical Anatomy Netherlands 

Excerpta Medica. Section VI: 
F lnteY*l ^dicine • Netherlands Excerpta Medica. Section VII• 

P e d i 3 t r i c S  ' • • • •Nether lands  

X 400 
X 120 
X 120 
X 90,000* 
X 3,000 
X 1,500* 
X 1,000 
X 300* 

X 100 
X 5,000* 
X 100 

X 100 
X 3,600* 
X 1,500* 
X 500* 

X 3,000* 

X 1,200* 
X 1,500 
X 1,500* 

X 4,000* 

X 6,000* 

X 2,500* 

X 4,000* 

X 3,850* 

X 7,500* 

X 3,350* 
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Title Country 

MO .  L i s t s  N o .  Printed 
Provides Ab- or Documents as Sec-

Ab- stracts Indexes Listed or tion of 
stracts? /yr. only? IndexedAr. Journal? 

Netherlands 

Netherlands 

Netherlands 

Netherlands 

Excerpta Medica. Section VIII: 
Neurology and Psychiatry Netherlands 

Excerpta Medica. Section IX: 
Surgery 

Excerpta Medica. Section X: 
Obstetrics and Gynaecology 

Excerpta Medica. Section XI: 
Oto-, Rhino-, Laryngology Netherlands 

Excerpta Medica. Section XII: 
Ophthalmology 

Excerpta Medica. Section XIII: 
Dermatology and Venereology 

Excerpta Medica. Section XIV: 
Radiology Netherlands 

Excerpta Medica. Section XV: 
Chest Diseases Netherlands 

Excerpta Medica. Section XVI: 
Cancer Netherlands 

Excerpta Medica. Section XVII: 
Public Health, Social Medi
cine & Hygiene Netherlands 

Excerpta Medica. Section XVIII: 
Cardiovascular Diseases Netherlands 

Excerpta Medica. Section XIX: 
Rehabilitation Netherlands 

Excerpta Medica. Section XX: 
Gerontology and Geriatrics Netherlands 

Farmaceuticky Obzor Czechoslovakia 
Farmaceutski Glasnik Yugoslavia 
Fiches Documentaires. Radio-

biology (Issued as cards) Switzerland 
Fortegnelse Over Medicinsk 

Litteratur i Arhus Denmark 
Fortschritte auf dem Gebiete der 

Rontgenstrahlen und der 
Nuklear Medizin Diagnostik, 

Fresenius' Zeitschrift fur 

Galenica Acta 
Ganka Rinsho Iho (Journal of 

Giornale di Batteriologia e 
Immunol ogia Italy 

Gruzlica. Tuberculosis Poland 

6, 300* 

7, 200* 

2,200* 

2,200* 

1,900* 

3,300* 

2,400* 

2,900* 

5,200* 

3,900* 

3,500* 

3,000* 

2, 000* 

600 

1,000 

1,200 

Germany X  ?+ X  ?t 
Germany X  300* 

" "  

Germany X  350* — — 

Rumania X  100 - - "" "" 

Spain X  200 
Spain X  100* "" — 

Japan X  500 " — 

Germany X  150* " "  

1,500 
250 

x 
X 

X 
X 
X 
X 

X 
X 

X 
X 
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No. Lists No. Printed 
Provides Ab- or Documents as Sec-

Ab- stracts Indexes Listed or tlon of 
Title Country streets? /yr. only? Indexet^yr. Journal? 

Gynecologie et Obstetrique 
Haematologica; Archivlo 
Die Heilkunst; Zeitschrlft fur 

Praktische Medizin 
Helminthological Abstracts 
Hospital Abstracts 
Igaku Chuo Zasshi. Japana 

Centra Revuo Medicina 
Igiene Moderna 
Imprensa Medica 
Index Analyticus Cancerologiae 
Index of Fungi 
Index Veterianarius 
Indian Journal of Pediatrics 
Indice Bibliograf ico Italiano di 

Ortopedia e Traumatologlea 
"Carlo Pais" 

Indice de la Literatura Dental 
Periodica en Castellano y 
Portugues 

Informatsionnyi Byulleten' Novykh 
Inostrannykh Knig Postupivshikh 
v Biblioteku Dmeni V. I. Lenina. 
Seriya II: Biologicheskie, Medi-
tsinskle, Sel'skokhozyaistvennye 
Nauki 

International Abstracts of 
Biological Sciences 

Jahrbuch der Gesamten Therapie .. 
Japan Science Review; Biological 

Sciences 
Japan Science Review; Medical 

Sciences 
Jibiinkoka. Otolaryngology 
Journal de Chirurgie 
Journal de Radiologic, d'Electro-

logie et de Medecine Nucleaire 
Journal of Antibiotics. Series B 
Journal of Obstetrics and Gynae

cology of the British Empire .. 
Klinische Monatsblatter fur 

Augenheilkunde und fur 
Augenarztliche Fortbildung 

Kongresszentralblatt dur die 
Gesamte Innere Medizin und 
Ihre Grenzgebiete 

L und E: Osterreichisches 
Zentralorgan fur Lebensmittel 
und Ernahrung 

,France — — X 200 X 
,Italy -- -- X 150 X 

, Germany X 250 — • •  X 
England X 2,500* — — — 
England X 1,800* •• -•  — 

Japan X 20,000 — ->• • •  

Italy X 500 — — X 
Brazil X 800 — — X 
France X 2,000* -- • •  — 
England — -- X 2,400* --
England — — X 10,000 
India X 250 ••  - •  X 

Italy — — X 2,500* X 

Argentina — — X 4,000 — 

USSR X 13,000 .. 

England X 26,000* • • 

Germany X 2,000* — — — 

Japan X 2,500 — — — 

Japan X 4,000t X 12,000 
Japan — mm X 400 — 
France X 1,200* — — X 

France X 1,400* X 
Japan — — X 3,100 X 

England X 300* — — X 

Germany X 300* — — X 

Germany X 9,000* — — — 

Austria — X 3,000 — 
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No. Lists No. Printed 
Provides Ab- or Documents as Sec-
Ab- stracts Indexes Listed or tion of 

Title Country stracts? /yr. only? Indexed^:. Journal? 

Landwirtschaftliches Zentralblatt. 
Abt. IV: Veterinarmedizin Germany 

Lijecnicki Vjesnik Yugoslavia 
Magyar Orvosi Bibliografia (Hun
garian Medical Bibliography) ... .Hungary 

Magyar Orvosi Bibliografia; Bib-
liographia Medica Hungarica Hungary 

Medicina del Lavoro Italy 
Medicina Fennica; Bibliography 
of Finnish Medicine Finland 

Medicina Sportiva: Studi di Medi
cina e Chirurgia dello Sport....Italy 

Meditsinskii Referativnyi Zhurnal. 
Razdel I: Vnutrennie Bolezni; 
Endokrinologiya; Kurortologia, 
Fizioterapiya i Lechebnaya 
Fizkul'tura; Kozhnye i 
Venericheskie Bolezni USSR 

Meditsinskii Referativnyi Zhurnal. 
Razdel II: Tuberkulez USSR 

Meditsinskii Referativnyi Zhurnal. 
Razdel III: Infektsionnye Bolezni; 
Meditsinskaya Mikrobiologiya; Viru-
sologiya; Meditsinskaya Parazitolo-
giya; Epidemiologiya; Antibiotiki.. .USSR 

Meditsinskii Referativnyi Zhurnal. 
Razdel IV: Khirurgiya; Travma-
tologiya i Ortopediya; Neirok-
hirurgiya; Urologiya USSR 

Meditsinskii Referativnyi Zhurnal. 
Razdel V: Detskie Bolezni USSR 

Meditsinskii Referativnyi Zhurnal. 
Razdel VI: Onkologiya; Meditsin
skaya Radiologiya; Rentgenologiya...USSR 

Meditsinskii Referativnyi Zhurnal. 
Razdel VII: Organizats iya Zdra-
vookhraneniya; Gigiena i Sanitar-
iya; Istoriya Meditsiny; Sudeb-
naya Meditsina; Meditsinskaya 
Tekhnika 

Meditsinskii Referativnyi Zhurnal. 
Razdel VIII: Otorinolaringologiya; 
Stomatologiya; Oftal'mologiya. UbbK 

Meditsinskii Referativnyi Zhurnal. 
Razdel IX: Nevropatologiya i ugSR 

Psikhiatriya 
Meditsinskii Referativnyi Zhurnal. 
Razdel X: Akusherstvo i usgR x 2,400* 
Ginekologiya 

X 8,300* -- -- X 

X 300 — — X 

- — X 6,900* — 

X 10,000 — 

X 400* -- — X 

X 800* — — — 

X 100* _ —  X 

X 7, 800* _ _ — 

X 2,000* — — - — 

X 4,000* — — " 

X 6,000* — — — 

X 4, 000* — -- — 

X 4,000* — — — 

X 5,000* — — --

X 3, 600* — — — 

X 2,400* — -- — 
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Title Country 

Die Medizin der Sowjetunion und 
der VoIksdemokratten im Referat.. Germany 

Methods of Information in Medicine. 
Methoden der Information in 
der Medizin Germany 

Mikroskopie; Zentralblatt fur 
Mikroskopische Forschung 
und Methodik Austria 

Militaire Geneeskunde, 
Literatuuroverzicht Netherlands 

Minerva Ginecologica. Italy 
Minerva Medica Italy 
Minerva Medicobibliografica; 

Indici trimestrali della 
Letteratura medica chirurgica 
e specialistica Mondiale Italy 

Minerva Ortopedica Italy 
Minerva Pediatrica Italy 
Minerva Stomatologics Italy 
Mitteilungen der Virusdokumenta-

tionsstele Veroffentlicht im 
Rahmen der Osterreichischen 
Gesellschaft fur Mikrobiologie 
und Hygiene Austria 

Monatshefte fur Veterinar Medizin. . Germany 
Monitore Ostetrico-Ginecologico 

di Endocrinologia e dell 
Metabolismo Italy 

Munchener Medizinische 
Wochenschrif t Germany 

Der Nervenarzt Germany 
Neurologia, Neurochirurgia 

i Psychiatria Polska Poland 
Nichidai Igaku Zasshi. Nihon 

University Medical Journal Japan 
Nihon Naibunpi Gakkai Zasshi. 

Folia Endocrinologica Japonica... Japan 
Nihon Naika Shonika Chuo Zasshi. 

Abstracts of Internal Medicine 
and Pediatrics from Japanese 
Journals Japan 

Nordisk Medic in 
Nordisk Veterinaermedicin Denmark 
Novinky Svetove Lekarske Litera-

tury ve Statnich Vedeckych Czecho-
Knihovnach . „ . , „ , . Slovakia 

Novinky Zahranicni Literatury. Czecho-
Zdravotnictvi Slovakia 

Novye Knigi za Rubezhom. Seriya C: 
Biologiya, Meditsina, Sel'skoe 
Khozyaistvo 

No. Lists No. Printed 
Provides Ab- or Documents as Sec-

Ab- stracts Indexes Listed or tion of 
8 tracts? /vr, only? Indexed^, Journal? 

x 6,700* --

2S0 

300* 

X 250 - - - - X 
- - X 2,500 X 

"* • X 7,500 X 

X 40,000 
X 250* — - - X 
X 800* — mm X 
X 200* X 

X 200 X 
X 700 X 

— -- X 900* X 

- - X 500 X 
X 200* « — X 

X 250 -- — X 

X 120 — -- X 

X 500 — -- X 

X 10,000* 
— — X 2,000 X 
X 200* -  - -  - X 

- — X 4,000* — 

X 3,000 -- — 

X 500 X 2,000 — 
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Title Country 

x 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

100* 
350 

6, 000* 
250* 

100* 

750* 
400 
250* 
150* 

5,000* 

1, 700* 

1, 000* 
250* 

Nuclear-Medizin. Nuclear Medi
cine. Medecine Nucleaire Germany 

Nuntius Radiologicus Italy 
Nutrition Abstracts and Reviews...Scotland 
Nutrition Information Abstracts...England 
Obstetricia y Ginecologia 

Lat inoamer icanas Argentina 
Occupational Hygiene Abstracts 

(formerly Bulletin of Hygiene 
Reprints) England 

Odontologisk Revy Sweden 
Osterreichische Apothekerzeitung. .Austria 
Omnia Therapeutics Italy 
Ophthalmic Literature England 
Orthopaedics and Traumatology 

(Excerpta Medica. Section IXB) .. .Netherlands 
Orvosi Hetilap: Orvos-Egeszsegugyi 

Szakszervezet Lapja (Medical 
Weekly: Journal of the Doctors' 
and Health Workers' Trade 
Organization) Hungary 

Panminerva Medica Italy 
Paracelsus; Archiv der Prakti-

schen Medizin Austria 
Pediatria Polska Poland 
Pharmaceut isch Weekblad Nether lands 
Pharmazeutische Zeitung Germany 
Pharmazeutische Zentralhalle 

fur Deutschland Germany 
Pharmazeutisches Jahrbuch; 

Referatesammlung der Inter-
nationalen Pharmazeutisches 
Schrifttums im Jahre Germany 

Phys io therapy England 
Poliomyelitis Abstracts Netherlands 
Polski Przeglad Chirurgiczny Poland 
Polski Tygodnick Lekarski Poland 
Polskie Archivum Medycyng 

Wewnetrznej Poland 
Pracovni Lekarstvi Czechoslovakia 
Prakticke Zubni Lekarstvi Czechoslovakia 
Prehled Svetove Zdravotnicke 

Literatury Czechoslovakia 
Prehled Zemedelski Litera

tury (Zahranicni i Domaci)..Czechoslovakia 
La Prensa Medica Argentina Argentina 
La Presse Medicale France 
Produits Pharmaceutiques France 

No Lists No. Printed 
Provides Ab- or Documents as Sec-

Ab- stracts Indexes Listed or tion of 
stracts? /yr. only? IndexecVyr. Journal? 

1,000 

X 500* - - - - X 

X 300 — — X 

X 150* - - — X 

X 150 X 4,500 X 

X 1,200* - - - - - -

X 3,000 _ _ — 

X 150* — — X 

X 800 - - — 

X 400 - - — X 

X 2,000 - - X 

X 420 — - - X 

X 250 - - — X 

X 100* - - X 

- - - - X 40,000 — 

X 12,000 - - - - — 

X 700 - - — X 

X 2, 200* - - - - X 

X ?tt X X 
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No. Lists No. Printed 
Provides Ab- or Documents as Sec-

Ab- stracts Indexes Listed or tlon of 
Title Country stracts? /yr. only? Indexectyr. Journal? 

Quarterly Review of Scientific 
Publications. Series B: 
Biological Sciences Poland 

Quintessenz der Zahnarztlichen 
Literatur .Germany 

Radiologia Medica Italy 
Rassegna Bibliografica della 

Stanpa Ostetrico-Ginecologica Italy 
Rassegna di Dermatologia e 

Sifilograf ia Italy 
Rassegna Trimestrale di 

Odontoiatria Italy 
Recueil de Medecine Veterinaire France 
Referativno-Bibliograficheskii 

Spravochnik po Veterinarii USSR 
Referativnyi Zhurnal: 

Biologicheskaya Khimiya USSR 
Referativnyi Zhurnal: Biologiya USSR 
Referativnyi Zhurnal: Meditsin-

skaya Geografiya USSR 
Resumos Bibliograficos Brazil 
Review of Medical and Veterinary 

Mycology England 
Revista de Ciencias Veterinarias... .Portugal 
Revista de la Asociacion 

Odontologica Argentina Argentina 
Revista de Psicoanalisis Argentina 
Revista de Referate din Literatura 

Sovietica de Specialitate: 
„ Rumania 
Revista de Referate din Literatura 

Sovietica de Specialitate: 
Chirurgie Rumania 

Revista de Referate din Literatura 
Sovietica de Specialitate: 
Medic ina Generala Rumania 

Revista de Referate din Literatura 
Sovietica de Specialitate: 
Stiinte Medico-Biologice Rumania 

Revista de Referate din Literatura 
Sovietica de Specialitate: Zoo-
tehnie-Medicina Veterinara Rumania 

Kevista Espanola de Obstetricia 
y Ginecologia Soai 

Revista Medico-Chirurgicala.'!! | | .R^m-
Revue Beige de Medecine Dentair 

(continuing the Revue Beige de 
Science Dentaire and Le Journal 
Dentair Beige).. 

x 
x 

X 

X 

X 

X 

X 
X 

X 

X 

300* 

200* 
1,200* 

1,500* 

100* 

100 
300* 

2,000 

30,000* 
145,000* 

2,100 
150 

700* 
1,000 

150 
160 

x 2,000* 

x 500 

x 1,000 

x 2,500 

x 2,800 

x 140 

x 100 

x 
X 

1,500* 
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No. Lists No. Printed 
Provides Ab- or Documents as Sec-

Ab- stracts Indexes Listed or tion of 
Title Country stracts? /yr. only? Indexed/yr. Journal? 

Revue d'Elevage et de Medecine 
Veterinaire des Pays Tropicaux France 

Revue de Chirurgie Orthopedique et 
Reparatrice de l'Appareil Moteut , .France 

Revue de Laryngologie, Otologie, 
Rhinologie France 

Revue de Stomatologic France 
Revue de Tuberculose et de 

Pneumologie France 
Revue des Corps de Sante des 

Armees-Terre, Mer, Air France 
Revue du Rhumatisme et des 

Maladies Osteo-Articulaires France 
Revue Francaise d'Odonto-

Stomatologie France 
Revue Internationale des Services de 

Sante des Armees de Terre, de Mer 
et de l'Air, International Review 
of the Army, Navy and Air Force 
Medical Services, Organ of the In
ternational Office of Military 
Medicine Documentation France 

Revue Neurologique France 
Rlnsho Hifu Hinyokika. Dermato-

logica et Urologica Japan 
Rinsho Ketsueki, Japanese Journal 

of Clinical Hematology Japan 
Rivista di Clinica Pediatrica Italy 
Rivista di Gerontologia e Geriatria.Italy 
Rivista di Malariologia. Italy 
Rivista di Medicina Aeronautica 

e Spaziale Italy 
Rivista di Ostetricia e Ginecologia.Italy 
Rivista Italians di Stomatologia.... Italy 
Rozhledy v Tuberkulose a v 

Nemocech Plicnich Czechoslovakia 
Schweizerische Medizinische 

Wochenschrift. Journal 
Suisse de Medecine Switzerland 

Schweizerische Monatsschrift 
fur Zahnheikunde Switzerland 

Science Abstracts of China: 
Biological Sciences China 

La Semaine des Hopitaux France 
Sheng Wu Hsueh Wen Chai--Chih Wu 

Hsueh Pu Fen (Biological Ab
stracts—Botany Section) China x 

Sheng Wu Hsueh Wen Chai—Tung 
Wu Hsueh Pu Fen (Biological 
Abstracts-Zoology Section) China 
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X 200* - - - - X 

X 150 — - - X 

X 800* X 1,500 X 
X 600* - - - - X 

X 500* - - - - X 

X 350 — - - X 

X 300* X 2,000* X 

X 150 X 1,000 X 

X 1,000 X 

X 250* — X 

— — X 1,000 - -

_ _ X 1,500 — 

- - X 1,200 X 

X 200* - - - - X 

X 400* X 

X 100* - - X 

X 150* - - - - X 

— - - X 1,500 X 

X 150* - - - - X 

X 900* - - - - X 

X 400-500 - - - - X 

X 1,000 - - — 

X 10,000* - - X 

5,000 

6,000 



No. Lists No. Printed 
Provides Ab- or Documents as Sec-
Ab- stracts Indexes Listed or tion of 

Title Country stracts? /yr. only? Indexed/yr. Journal? 

Sheng Wu Hua Hsueh Wen Chai--K'ang 
Sheng Su Teng Pu Fen. (Biochemical 
Abstracts—Antibiotics Section)... .China x 2,500 

Shonika Rinsho. Japanese Journal 
of Pediatrics Japan 

Smokeless Air England 
Staub Germany 
Studii si Cercetair de Biochimie Rumania 
Takeda Kenkyujo Nempo. Annual Reports 
of the Takeda Research Laboratory. .Japan 

Tampakushitsu, Kakusan, Koso. 
Protein Nucleic Acid Enzyme Japan 

Technique Pharmaceutique France 
Tijdschrift voor Tandheelkunde Netherlands 
Tropical Diseases Bulletin England 
Der Tuberkulosearzt Germany 
Tuberkuloza Yugos lavia 
Urologia Italy 
Vestnik Dermatologii i Venerologii...USSR 
Ve t er inar iy a US SR 
Veter inars tvo Yugos lavia 
Veterinary Bulletin England 
Voenno-Meditsinskii Zhurnal USSR 
Vojnosanitetski Pregled Yugos lavia 
Was Gibt es Neues in der Medizin? ... .Germany 
Wiener Medizinische Wochenschrift... .Austria 
Wiener Tierarztliche Monatsschrift.. .Austria 
World-Wide Abstracts of General 
Med ic ine Netherlands 

Zeitschrift fur Artzliche Fortbildixig. .Germany 
Zeitschrift fur Alternsforschung Germany 
Zeitschrift fur Kreislaufforschung...Germany 
Zeitschrift fur Orthopadie und 
Ihre Grenzgebiete Germany 

Zeitschrift fur Rheumaforschung Germany 
Zeitschrift fur Tuberkulose und 
Erkrankungen der Thoraxorgane Germany 

Zeitschrift fur Urologie Germany 
Zeitschrift fur Wissenschaftliche 
Mikroskopie und fur Mikro-
skopische Technik Germany 

Zentralblatt fur Allgemeine Patholo-
gie und Pathologische Anatomie Germany 

Zentralblatt fur Arbeitsmedizin 
und Arbeitsschutz Germany 

Zentralblatt fur Bakteriologie.Para-
sitenkunde, Infectionskrankheiten und 
Hygiene. Abt.l. Medizinisch-Hygienische 
Bakteriologie, Virusforschung und 
Parisitologte. Rs£.„« «««, , 
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— -- X 400 X 

X 100 -- -• X 
X 300-500* X 1,500-2,000* .. 
X 300 — — X 

X 100 — — X 

X 150 -- • • X 
— — X ? • • 

X 300* -- X 
X 2,500* — -• X 
X 700* — •• X 
X 150 — •• X 
X 200 -- •• X 
X 300 X 
X 120 -- •• X 
X 1,600 « «  •• X 
X 4,200* • • •• • • 

X 300 -- m m  X 
X 600 -- m m  X 
X 100 -- m m  X 
X 1,100* -- m m  X 
X 500 — — X 

X 500* — m 

X 150 -- • • X 
X 300 m m  • • X 
X 250* — — X 

X 400 .. X 
X 400* — — X 

X 500* .. X 
X 250* — — X 

X 100* — • • X 

X 200* — — X 

X 500* X 



wo. Lists No. Printed 
Provides Ab- or Documents as Sec-

T1(.1e Ab~ stracts Indexes Listed or tion of 
Country stracts? /yr. only? Indexe<tyr. Journal? 

Zentralblatt fur Bakteriologie,Para-
sitenkunde, Infektionskrankheiten 
und Hygiene. Abt.2. Allgemeine 
Landwirtschaftliche, Technische, 
Nahrungsmittel-Bakteriologie und 
Ifykologie, Protozoologie Section: 
Referate Germany x 750* 

Zentralblatt fur die Gesamte 
Kinderheilkunde Germany x 1,500* 

Zentralblatt fur die Gesamte 
Neurologie und Psychiatrie Germany x 1,500* 

Zentralblatt fur die Gesamte Ophthal
mologic und Ihre Grenzgebiete Germany x 1,500* 

Zentralblatt fur die Gesamte 
Radiologie Germany x 1,500* 

Zentralblatt fur die Gesamte 
Tuberkulosef orschung Germany x 1,500* 

Zentralblatt fur Hals-, Nasen- und 
Ohrenheilkunde Sowie Deren 
Grenzgebiete Germany x 1,500* 

Zentralblatt fur Haut- und 
Geschlechtskrankheiten 
Sowie Deren Grenzgebiete Germany x 1,500* 

Zentralorgan fur die Gesamte Chir-
urgie und Ihre Grenzgebiete Germany x 1,500* 

Zhurnal Mikrobiologii, Epidemi-
ologii i Immunobiologii USSR x 200 -- -- x 

Zootecnica e Veterinaria Italy x 500 -- — x 
(Mo. of ~~ 
Services) 

Totals (one service issued As cards) 326 274 803,340 63 242,350 190 

Source: National Federation of Science Abstracting and Indexing Services. Guide to 
the World's Abstracting and Indexing Services in Science and Technology. 
Washington, D.C., NFSAIS, 1963. 

Explanatory Notes: Column 1-- country of publication; Column 2-- X indicates that 
the given service publishes abstracts; Column 4--X indicates that the given 
service lists document titles or indexes documents that it does not abstract; 
Column 5--figures indicate number of documents processed by title listing or 
indexing but not abstracted; Column 6--X signifies that the service appears 
as a section in a journal devoted primarily to other types of material 
(original articles, reviews, etc.). 

* The source description of the service specifically mentions that subject indexes 
to these documents are provided, 

t Provides "600 abstracts and references," i.e., of the total of 600 documents 
processed, the service abstracts some and lists the titles of the remainder. 

t+ Provides "500 abstracts and references" a year. 
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APPENDIX VIII-B 

UNITED STATES ABSTRACTING AND INDEXING SERVICES 
OF INTEREST TO BIOMEDICINE 

(See Explanatory Notes at End) 

Title 

No. Lists No. Printed 
Provides Ab- or Documents as Sec- Issued 

Ab- stracts Indexes Listed or tion of as 
stracts? /yr. only? Indexed/yr. Journal? Cards? 

Abstracts from World Medical 
Literature** 

Abstracts of Bioanalytic 
Technology** 

Abstracts of Human Develop
mental Biology** 

Abstracts of Japanese Medicine** 
Abstracts of Selected Articles from 

Soviet Bloc and Mainland China 
Technical Journals. Series VI: 
General Science and Miscellaneous, 
including Meteorology, Oceanog
raphy, Biology, Astrobiology, 
Botany, Zoology, Medical Science, 
Aeromedicine, Education, Fuels, 
Fuel Products, and Power, etc.** 

Abstracts of World Medicine 
Aerospace Medicine** 
Aerospace Medicine and Biology: 

an Annotated Bibliography** 
Agricultural Index 
Air Pollution Bibliography** 
America Clinica 
American Annals of the Deaf 
American Journal of Clinical 

Nutrition** 
American Journal of Gastroenterology 
American Journal of Obstetrics 

& Gynecology 
American Journal of Ophthalmology 
American Journal of Psychotherapy 
American Journal of Public Health 

and the Nation's Health 
American Journal of Roentgenology 

Radium Therapy and Nuclear 
Medicine 

American Review of Respiratory 
Diseases 

Anesthesia Abstracts 
Anes thesiology 
Annals of Allergy 
An Annotated Bibliography of 

Influenza** 

x 
x 

X 
X 
X 

X 
X 
X 
X 

240 

200 

2,000* 
6,000* 

2,600 
3,000* 
1,000* 

3,000* 

800* 
300* 

500* 
400 

150* 
450* 
120 

400 

300 

1,250* 
500* 
450 
150 

600* 

40,000 

125* 

x 
X 

X 
X 
X 

X 
X 
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No, Lists No, Printed 
Provides Ab or Documents as Sec Issued 

Ab stracts Indexes Listed or tion of as 
Title stracts? / yr. only? Indexed/yr, Journal? Cards? 

Archives of Dermatology X 280* X 
Archives of Environmental Health X 400* — X - -

Archives of Neurology X 200* — - - X 
Archives of Oral Biology** 
Archives of Physical Medicine and 

Rehabilitation 
The Auburn Veterinarian 
Bibliography of Agriculture 
Bibliography of Medical Reviews** 
Bibliography on Medical Electronics** 
Biochemical Title Index** 
Biological Abstracts 
Blood, The Journal of Hematology 
Bo let in de la Oficina Sanitaria 

Panamericana 
Bulletin of the Medical Library 

Association** 
COPNIP List** 
Cancer Chemotherapy Abstracts** 
Cancer Immunology Abstracts** 
Chemical Abstracts 
Chemical Titles** 
Child Development Abstracts & 

Bibliography 
Circulation 
Classified Abstract Archive of 

the Alcohol Literature** 
Clinical Chemistry** 
Clinical Medicine** 
Current Contents of Chemical, Phar-

maco-Medical and Life Sciences** 
Current Literature—Arthritis and 

Related Diseases** 
Current Literature—Congenital 

Anomalies** 
Current Literature—Poliomyelitis 

and Related Diseases 
Current Literature on Venereal 

Disease** 
Current Scientific Literature Review; 

Gastro-Intestinal Abstracts** 
DSH Abstracts** 
Dental Abstracts 
Dental Digest 
Dental World 
Diabetes 
Digest of Neurology and Psychiatry 
Diseases of the Colon and Rectum** 
Drug and Cosmetic Industry 
E.E.N.T. Digest 

1 ,200  

X 300* - - - - X - -

X 100* — - - X — 

- - X 100,000* - - - -

— - - X 2,300* - - - -

X 2,000* - - - -

- - X 24,000* - - - -

X 100,000* - - — - - - -

X 700* - - - - X 

X 400* — — X - -

X ?+ X ?+ X - -

- - - - X 300* - - - -

X 5,000* - - - - - - - -

X 600 - - - - — 

X 165,000* — - - - -

— - - X 75,000* — 

X 850* - - - - - - — 

X 1,000* — — X 
• "  

X 450 — - - - - X 

X 200 — - - X - -

X 100 — X 
• '  

- - — X ? - - — 

X 1,000* — - - - - - -

X 1,500* — — - - - -

X 1,500* — - - - - - -

X 500* — — - - — 

1 
X 1,000 - - - - - - - -

X 1,600* - - — 
~ ~  

X 1,000* - - - - — 

X 100* - - - - X 

X 160 - - - - X 

X 300* - - X 

X 450* — 
X 

X 600 — - - X 

X 200* - - — X 

X 500 - - — 
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Title 

No. Lists 
Provides Ab- or 

Ab- stracts Indexes 
stracts? /yr. only? 

No. Printed 
Documents as Sec- Issued 
Listed or tlon of as 

Indexed/yr. Journal? Cards? 

Encyclopedia of Contact Lens 
Practice** 

GP 
Gastroenterology 
Geriatrics 
Headache** 
Hospital Abstract Service** 
Hospital Literature Index 
Hospital Planning Abstract Service** 
Human Engineering Bibliography** 
I.C.R.S. Medical Reports** 
Index-Catalogue of Medical and Veter

inary Zoology. Supplement. Authors** 
Index Chemicus** 
Index Medieus 
Index Medicus Homoeopathicus 

Cumulativus** 
Index to Dental Literature 
International Journal of Fertility** 
International Journal of Leprosy 
International Medical Digest 
International Surgical Digest 
Journal of Allergy 
The Journal of Applied Nutrition 
Journal of Clinical and Experimental 

Psychopathology and Quarterly Re
view of Psychiatry and Neurology 

Journal of Gerontology 
Journal of Histochemistry and 

Cytochemistry** 
Journal of Medical Laboratory 

Technology 
Journal of Occupational Medicine** 
Journal of Osteopathy** 
Journal of Speech and Hearing 

Dis orders 
Journal of the Air Pollution 

Control Assoc. 
Journal of the American Dental Asscc. 
Journal of the American Dental Society 

of Anesthesiology, Inc. ** 
Journal of the American Dietetic Assoc. 
Journal of the American Geriatrics 

Society** 
Journal of the American Medical Assoc. 
Journal of the American Opto-

metric Assoc.** 
Journal of the American Osteopathic 

Assoc. 

X 120 — — X • • 

X 250* — — X • • 

X 1,000* - - « X • • 

X 280 — - - X 
X 70* — - •  X 
X 100-150 - - — « .  X 

- - - - X 17,500* • • .. 
X 150 — - - X 
X 1,500 - - mm .. 

— X 1,500* - - — 

X 12,000 
X ?tt .. 

- - - - X 145,000* - - - -

- - — X 450 • •  

- - — X 7,000* - -

X 500 — .. X - •  

X 250* -- X 
X 600* - - mm • • .. 
X 500* mm • m 

X 200* mm mm X .. 
X 120 -- — X - -

X 200* X .. 
* —  -  - X 4,200 X - -

- -- X 600 X — 

X 400 X ... 
X 500* - _ X .. 
X 125 — — X — 

X 350 — — X — 

X 750* X 
X 200* — — X — 

X 100* X 
X 600* — — X - -

X 300 X 
X 2,600* — — X - -

X 100 m _ .. X - -

120* 
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No. Lists No. Printed 
Provides Ab- or Documents as Sec- Issued 

Ab- stracts Indexes Listed or tion of as 
Title stracts? /yr. only? Indexed/yr, Journal? Cards? 

x 

Journal of the American Physical 
Therapy Assoc. ** x 160 — — x 

Journal of the American Podiatry 
Assoc. ** x 200* -- — x 

Journal of the American Veterin
ary Medical Assoc. x 350* — — x 

Lab World x 2,000* — -- x 
Leukemia Abstracts** 
Medical Abstract Service 
Medical Abstracts from Current Medi

cal Literature, Annotated Bibli
ographies, Abstracts (on reprodu
cible cards), References 4,000- 4,000-
(IBM cards) x 5,000 x 5,000 

Medical and Biological Illustration 
Medical Digest** 
Medical Times 
Metabolism: Clinical and 

Experimental** 
Mlcrochemical Journal** x 1,000 x 

Modern Veterinary Practice Refer
ence & Data Library** 

Monthly Accession List** 
Multiple Sclerosis Abstracts** 
Muscular Dystrophy Abstracts** 
National Library of Medicine 

Catalog - _ x 13'°°° 
Nuclear Science Abstracts 
Obstetrical and Gynecological 

Survey 
Polish Medical Science and History 

Bulletin** 
The Psychoanalytic Quarterly 
Psychological Abstracts 
Psychopharmacology Abstracts 
Psychosomatic Medicine x x 
Public Health Economics 
Public Health Engineering Abstracts 
Quarterly Journal of Studies on x 

Alcohol x x ?*## x 
Quarterly Review of Biology » x 350* x 

Radiology x  , ' 0 _ _  . .  x  
Rehabilitation Literature 
Review of Allergy and Applied 

Immunology 
Review of Modern Medicine (formerly 

Modern Medicine. Abstracts also 
appear in Modern Medicine) 

X 160 

X 200* 

X 350* 
X 2,000* 
X 1,200* 
X 100-150 

4,000-
X 5,000 
X 4,000* 
X 1,000 
X 100 

X 200* 
X 1,000 

X 2,400* 
X 700 
X 1, 700* 
X 1, 200* 

_ _  

X 33,000* 

X 350* 

X 1,200* 
X 150* 
X 10,000* 
X 3,000 
X 140 
X 400* 
X 2, 200* 

X 400 
X ?*## 
X 1, 350* 
X 1,960 

X 600* 

X 1,100* 

x 
x 

X 
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Title 

No. Lists No. 
Provides Ab- or Documents 

Ab- stracts Indexes Listed or 
stracts? /yr. only? Indexed/yr. 

Printed 
as Sec- Issued 
t ion of as 
Journal? Cards? 

The Sight-Saving Review 
Stain Technology 
Surgery, Gynecology and 

Obstetrics 
Survey of Anesthesiology** 
Tissue Culture Bibliography** 
Ulcerative Colitis Abstracts** 
Unlisted Drugs (loose leaf) 
Upper Respiratory Infections 
Urological Survey 
Vitamin Abstracts 
What's New 

x 
x 

x 
x 

X 

x 
x 
x 
x 
x 

120* 
100* 

2, 300* 
300-400* 

3° 
275 
500* 
430 

100-150 

x 
x 

1,200* 

Totals 

(No. of 
Services) 

142 122 403,170 23 453,375 75 

to. the World's^bsrrwctinland S*rvlc"l 
Washington, D.C., NFSAIS, 1963. ~ 

Culde 
In Sclance and Tachnology. 

Explanatory Notes 

indexes to theseld«uLnEs^reSproildedPeClfU*Uy Blentlo,u thaC •"bject 
** These services have existed only since 1952. 

or the title ofbdrc!^nts?d reference*" • !••*, either an abstract 

chemical com^ds ^ °f *b°Ut K*0'000 »•» 
abstract is produced *" **** cô oumU. Mora than one 
than one chemical compound. ecriblng the synthesia of more 

# Provides about 2,000 "abstracts" ( 
to drug names that have not orevi! T references) yearly relating 

" - ' previou#ly appeared in et.ndard c^U.tIon.. 
Provides "400 . . H Provide. "400 ^ ̂  
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APPENDIX VIII-C 

SAMPLE JOURNALS NOT COVERED BY SERVICES 

Using the tabulations of the coverage of "sample journals" by the 13 
abstracting-indexing services reported in Table VIII-4 and Appendix D, four 
groups of "sample journals" were singled out for special attention: (1) 
those not covered by any of the 13 services listed in Table VIII-4; (2) 
those not covered by any of the 6 biomedical abstracting-indexing services 
listed in Table VIII-5; (3) those not covered by any of the four abstract
ing services listed in Table VIII-6; and (4) those not covered by IM. 
Publications falling into these groups were rechecked in an effort to en
sure that their titles were complete and correct and that they qualified 
as "journals" by our definition (issued more often than annually). In the 
course of this rechecking*, we found additional data on periodicity that 
definitely excluded several publications from further consideration as jour
nals. Publications listed as "irregular" were accepted as journals, as were 
those for which no explicit statement of periodicity could be found but for 
which the acceptance seemed reasonable. 

Each journal title was then checked with the latest available lists of 
journals covered by IM, CA, BA, EM, and PA.** Because a number of the jour
nals that fell into one or more of the groups pertained to dentistry, these 
were also checked against a list of journals covered by the Index to Dental 
Literature (supplied by Dr. Donald Washburn, Director, Bureau of Library and 
Indexing Service, American Dental Association). These more current lists 
indicated coverage of numerous sample journals not shown in "Lists of Sci
ence Serials Covered by Members of NFSAIS"(2), the basic reference used for 
the original tabulations. This appendix summarizes the new information 
developed by this analysis. 

* National Library of Medicine. List of Journals Indexed in Index Medicus. 
Index Medicus, Vol. 4, No. 1, January 1963, pp. LJI-39-73. Ayer, N.W. 
and Sons Directory of Newspapers and Periodicals. Philadelphia, N.W. Ayer 
and Sons, 1963. New Serial Titles; a Union List of Serials Commencing 
Publication after December 31, 1949. (Joint Committee on the Union List 
of Serials.) Washington, D.C., Card Division, Library of Congress. 1950--. 
Union List of Serials in Libraries of the United States and Canada. 2nd ed. 
Supplements, 1941-1943, 1944-1949. New York, H.W. Wilson Company, 1943, 
1945, 1953. 3 vols. Ulrich's Periodicals Directory. 10th ed. New York, 
R.R. Bowker Company, 1963 Chemical Abstracts Service. Chemical Abstracts 
List of Periodicals, 1961. Washington, D.C., American Chemical Society, 
1961. National Library of Medicine. Biomedical Serials, 1950-1960. Public 
Health Service Publication No. 910. Washington, D.C. U.S. Government 
Printing Office, 1962. World Medical Periodicals. New York, World Medical 
Association, 1961. 

** IM list dated January 1963; CA, 1961 list and 1962 supplement; BA, July 
1963; PA, 1962; and undated list supplied by Peter Warren of the Excerpta 
Medica Foundation, who stated that recent additions to the coverage of 
EM (particularly Japanese journals) were not included. 
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Non-coverage of a certain number of the sample journals by a given 
service or combination of services should not be construed as evidence of 
poor performance of any service without studying the character of the 
journals involved. An examination of these journals discloses (1) that 
most carried relatively few of the sample papers; (2) that some of the 
journals containing considerable numbers of sample papers publish abstracts 
of oral reports, which most abstracting-indexing services do not process on 
the assumption that the work will be published in full later; (3) that several 
are periodicals devoted primarily to abstracts of Journal literature but 
carrying a few original articles of a review nature; and (4) that a few are 
journals started only within the last few years. 

In the tabulations that follow, an asterisk after the title Indicates 
that the publication's periodicity has not been definitely established a 
dagger (T) designates journals known to publish considerable number* of 

" J  " D I " J — •  « « ' « •  *  

P*rt1, .SLTiceî "1M.nV1?:""' "Y'"Y fl" " "••'"".-MnHnHn, 

Journal Title „ _ 
No. Sample Arc idea jn Journal 

American Dental Hygienists' Association Journal (DI) l 
Journal of Dental Education (DI) 
Journal of the District of Columbia Dental Society fDIl 
Journal of Periodontology (DI) 
Nursing Forum 9 
Pharmacologistt 4 
Quarterly of the National Dental Association fnis 41 

Revista Brasileira de Odontoloxia " (> 

Revista de la Sociedad Chilena de Urologea* J 

of sample journal a = 9 

No. of sample articles • 68 

Part 11" -ample journals nor h 
services in vrrTT c 7.,, , he 6 *h>tracting-indexing 

*&-ggfc&-teLS*iltlon to tho,» iiatcd \ Pnrr x-f. 
Journal Titlp 

No. Sample Articles jn Journal 
Association for Computing Machine™ T 
Communication and Electronics Journal j 
Control Engineering 1 
Electrical Engineering 
Revista la u Ontvaraldal l.du.trl.1 d. s.at.„der. J 

£2-̂ -525ElU2a5aii - 5 + 9 (ft™ ,lrt „ 

" ' • 66 (Iron f.rt x) . „ 
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Part III. Sample Journals not covered by any of the four 
services in Table VIII-6 (in addition to those listed in Parts 
I and II) . " 

Journal Title No. Sample Articles in Journal 

Alabama Dental Review (DI) 2 
Annales de Chirurgie Thoracique et Cardio-Vasculaire* 4 
Arizona Medicine i 
Bibliotheca Anatomica \ 
Bulletin of Akron City Hospital 1 
Bulletin of Gastrointestinal Endoscopy* 2 
Bulletin of the Sloane Hospital for Women 2 
Bulletin of the University of Miami School of Medicine 

and Jackson Memorial Hospital 1 
Cancer Bulletin, Texas Edition 1 
Chicago Medicine 2 
Connecticut Medicine 6 
Current Psychiatric Therapies* 2 
Current Therapeutic Research, Clinical and Experimental 3 
Dental Progress (DI) 11 
Ergebnisse der Allgemeinen Pathologie und 

Pathologischen Anatomie 2 
Ganno Rinsho (Japanese Journal of Cancer Clinics) 2 
Illinois Research 1 
International Abstracts of Surgery 1 
International Ophthalmology Clinics 1 
Investigative Ophthalmology 35 
Japanese Journal of Human Genetics 5 
Journal of the American Physical Therapy Association 1 
Journal of the Mississippi State Medical Association 1 
Journal of Sport Medicine and Physical Fitness 2 
London Clinic Medical Journal 1 
Medical Record and Annals 1 
Middle East Medical Journal* 1 
Modern Hospital 2 
National Fur News 1 
Physical Therapy Review 1 
Physiologistf 94 
Presbyterian-St. Luke's Hospital Medical Bulletin* 1 
Rein et Foie; Maladies de la Nutrition* 1 
Revista Argentina de Circugia 1 
Spastics Quarterly 1 
Survey of Ophthalmology 3 
Traffic Safety 1 
Vie Medicale 1 
Western Veterinarian* 1 

No. of sample journals = 39 + 14 (from Parts I and II) = 53 

No. of sample articles = 201 + 75 (from Parts I and II) = 276 
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Part IV. Sample journals not covered by Index Medicus (in addition tn 
those listed in Parts I and Ul. 

Journal Title No. Sample Articles in Journal 

Acarologia* 
Acta Chemica Scandinavia 
Acta Crystallographies 
Acta Physica Austriaca 
Acta Zoologica Mexicans 
AIBS Bulletin 
A.I.Ch.E. Journal 
American Annals of the Deaf 
American Anthropologist 
American Biology Teacher 
American Documentation 
American Journal of Botany 
American Journal of Orthodontics 
American Midland Naturalist 
American Milk Review and Milk Plant Monthly 
American Naturalist 
American Potato Journal 
American Psychologistt 
American Sociological Review 
American Zoologistt 
Analytica Chimica Acta 
Analytical Chemistry 
Angewandta Chemie 
Angle Orthodontist 
Animal Behavior 
Annals of the Entomological Society of America 
Anzeiger fuer Schadlingskunde vereinigt milSch-Hlk 
Applied Spectroscopy einigt oit Schadlingsbekampf 
Archiv fuer Experimented Veterinarmediz in 
Archiv fuer Protistenkunde 
Archivio Zoologico Italiano* 
Arkiv fuer Kemi 
ASB Bulletin* 
ASHRAE Journal 
Australian Journal of Science 
Australian Journal of Zoology 
Avian Diseases 
Behaviour 
Biological Bulletin 
B°Xu * 'achicoltura, fcl„r.lt. 
Botanical Gazette 

see: s i?hc°(P^ 
on Harc l̂cT 2̂ rlbb"n 

3 
11 
25 
2 
1 
2 
3 
1 
1 
1 
1 

13 
12 
4 
1 
4 
1 
8 
3 

92 
1 

36 
4 
7 
1 
4 
1 
1 
1 
2 
1 
4 
5 
1 
3 
1 
5 
2 

46 

2 
1 
3 
2 
1 
1 
2 
1 
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1 

Part IV. (continued) 

Journal Title No. Sample Articles in Journal 

Canadian Journal of Botany 
Canadian Journal of Chemistry 
Canadian Journal of Zoology 
Canadian Veterinary Journal 
Carnegie Institution of Washington Publication 
Casopis Ceckoslovenska Spolecnosti 
Cereal Science Today 
Chemical Engineering 
Chemistry and Industry 
Chemisch Weekblad 
Child Welfare 
Ciencia e Cultura 
Clinical Researcht 
Contributions from Boyce Thompson Institute 
Copeia 
Cornell Plantations 
Crop Science 
Dental Digest (DI) 
Deutsch Botanishe Gessellschaft Berichte 
Dissertation Abstracts 
Ecology 
Educational and Psychological Measurement 
Electrochimica Acta 
Embryologia 
Ergonomics 
Evolution 
Exceptional Children 
Finska Kemistsamfundets Meddelanden 
Florida Entomologist 
Food Technology 
Fruchtsaft Industrie 
Genetical Research 
Health Education Journal and Health Information Digest 
Highlights of Agricultural Research 
Hilgardia 
Human Relations 
Illinois Research 
International Bulletin of Bacteriological Nomenclature 

and Taxonomy 
International Dental Journal (DI) 
International Social Science Journal 
Japanese Journal of Genetics 
Journal of the Acoustical Society of America 
Journal of Agricultural and Food Chemistry 
Journal of the American Association of Nurse 

Anesthetists 
Journal of American Chemical Society 
Journal of American College of Dentists (DI) 
Journal of the American Oil Chemists Society 

2 
8 

22 

3 
187 

2 
3 
3 
2 
1 
1 
2 
2 
6 
2 
1 
2 
2 

21 

20 
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Part IV. (continued) 

Journal Title No. Sample Articles in Journal 

Journal of the American Statistical Association 
Journal of the American Waterworks Association 
Journal of Animal Science 
Journal of Applied Psychology 
Journal of Biochemical and Microbiological Technology 

and Engineering 
Journal of Chemical and Engineering Data 
Journal of Chemical Education 
Journal of Chemical Physics 
Journal of the Chemical Society 
Journal de Chimie Physique et de Physicochimie Biologique 
Journal of the Chinese Chemical Society (Taiwan) 
Journal of Colloid Science 
Journal of Counseling Psychology 
Journal of Dairy Science 
Journal of Dental Medicine (DI) 
Journal of Economic Entomology 
Journal of the Elisha Mitchell Scientific Society 
Journal of Existential Psychiatry 
Journal of Experimental Botany 
Journal of Fluid Mechanics 
Journal of Food Science 
Journal of Genetics 
Journal of Home Economics 
Journal of Industrial Engineering 
Journal of Inorganic and Nuclear Chemistry 
Journal of Insect Pathology 
Journal of Insect Physiology 
Journal of Kansas Entomological Society 
Journal of Mammalogy 
Journal of Milk and Food Technology 
Journal of Molecular Spectroscopy 
Journal of Obstetrics and Gynaecology of India 
Journal of Organic Chemistry 
Journal of Paleontology 
Journal of Physical Chemistry 
Journal of Polymer Science 
Journal of Prosthetic Dentistry (DI) 
Journal of Psychology 
Journal of the Research Institute for Catalysis 

Hokkaido University ' 
Journal of the Science of Food and Agriculture 
Journal of Social Issues 
Journal of the Society of Cosmetic Chemists 

ournal of the Society of Leather Trades' Chemists 
Journal of Social Psychology nemists 
Journal of the Society of Motion Picture and 

Television Engineers 
Journal of the Tennessee Academy of Science 
Journal of Water Pollution Control Federation 

1 
8 
8 
3 

1 
2 
1 

22 
14 
11 
1 
2 
1 

29 
2 

26 
2 
1 
1 
1 
8 
1 
1 
1 
5 
2 
8 
2 
5 
2 
1 
1 

167 
2 

25 
12 
11 

7 

1 
1 
3 
2 
1 
2 

1 
1 
1 
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Part IV. (continued) 

Journal Title No. Sample Articles in Journa 1 

Journal of Wildlife Management 
Laboratory Practice 
Lavori Dell1 Instituto di Anatomia e Istolgia Patologica 

della Univeraita degli Studi di Perugia 
Limnology and Oceanography 
Lloydia 
Makromolekulare Chemie 
Medicine et Hygiene 
Microchemical Journal 
Mikrochimica Acta 
Modern Medicine 
Mosquito News 
Mycologia 
National Fur News 
Naval Research Reviews 
New York Journal of Dentistry (DI) 
New Zealand Dental Journal (DI) 
Northwest Science 
Odontologiska Foreningens Tidskrift (DI) 
Pacific Insects* 
Pacific Science 
Parodontology (DI) 
Personnel Psychology 
Philippine Journal of Science 
Physiologia Plantarum 
Physiological Zoology 
Phytochemistry 
Phyton (Buenos Aires) 
Phytopathology 
Plant and Soil 
Plant Disease Reporter 
Plant Physiology 
Planta Medica 
Poultry Science 
Praxis: Schwizer Rundschau fuer Medizin 
Proceedings of the American Philosophical Society 
Proceedings of the American Society for Horticultural Science 
Proceedings of the Entomological Society of Washington 
Proceedings of the Helminthological Society of Washington,D.C. 
Proceedings of the Indiana Academy of Science 
Proceedings of the Institute of Radio Engineers* 
Proceedings of the Japan Academy 
Proceedings of the Marketing Section of the Association of 

Southern Agricultural Workers* 
Proceedings of the South Dakota Academy of Science 
Proceedings of the Zoological Society of London 
Psychological Monographs 
Psychological Record 
Psychological Reports 
Psychologische Beitraege 

1 
1 

9 
6 
4 
3 
3 
3 
2 
4 
7 
4 
1 
1 
2 
2 
1 
1 
2 
2 
3 
1 
1 
4 
3 
1 
1 

21 
1 
2 

24 
2 
8 
1 
1 
1 
3 
3 
1 
2 
8 

2 
1 
1 
4 
6 

37 
1 
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Part IV. (continued) 

Journal Title No. Sample Articles in Journal 

2 
1 
4 
1 
1 
2 
7 
1 
2 
2 
1 
2 
1 
1 
2 
1 
1 
1 
2 
2 
2 

Psychometrika 
Public Opinion Quarterly 
Pure and Applied Chemistry 
Quaderni di Criminologia Clinica 
Reading Teacher 
Recueil des Travaux Chimiques des Pays-Bas 
Review of Scientific Instruments 
Revista de Biologia Tropical 
Revue de Psychologie Appliquee 
Rheology Bulletin 
Rhodora 
Schweizer Archiv fuer Tierheilkunde 
Sight-Saving Review 
Social Casework 
Social Forces 
Social Problems 
Societa Peloritana di Scienze Fisiche Matematiche e Naturali. Atti. 
Sociometry 
Soil Science 
Southern California Academy of Sciences Bulletin 
Spectrochimica Acta 
Svensk Tandlakare-Tidscrift (DI) 
Teachers College Record 
Tetrahedron 
Tetrahedron Letters 
Texas Journal of Science 
Traffic Safety 
Transactions of the American Microscopical Society 
Transactions of the Society of Rheology 
Tulane Studies in Zoology* 
Turtox News 
University of Texas Publication 
Utah Farm and Home Science* 
Veterinary Medicine 
Veterinary Record 
Virginia Journal of Science 
Vision Research 
Volta Review 
Wasmann Journal of Biology 
Water and Sewage Works 
Weeds 
Western Veterinarian 
Wildlife Disease 
Zeltschrlft fuer Morphologle und Anttopologle 
Zeitschrift fuer Physiologlsche Che„le 
Zeitschrift fuer Tierpsychologie* 

No. of sample journal = 235 + 14 f f r n m  p  _  t  ->-> -r J* irrom Parts I and II) . 249 
No. of sample articUs = 1,623 + 75 D 

(from Parts I and II) - 1,698 
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APPENDIX VIII-D 

MULTIPLE PROCESSING OF SAMPLE* OF OUTPUT OF U.S. BIOMEDICAL RESEARCH 
BY SIX MAJOR ABSTRACTING-INDEXING SERVICES 

Explanatory Note: IM = Index Medicus, BA = Biological Abstracts. 
BAg = Bibliography of Agriculture, 
CA = Chemical Abstracts, EM = Excerpta Medica, 
PA = Psychological Abstracts 

Part I. Journals 

IM BA BAg CA EM PA 

Alone 63 28 13 22 17 10 
IM 5 3 26 90 4 
BA 5 11 12 4 4 
BAg 3 11 — 13 0 2 
CA 26 12 13 — 3 0 
EM 90 4 0 3 - - 7 
PA 4 4 2 0 7 - -

IM BA - - 0 19 26 6 
IM BAg - - 0 - - 3 1 1 
IM CA — 19 3 — 35 0 
IM EM — 26 1 35 - - 4 
IM PA — 6 1 0 4 — 

BA BAg 0 - - - - 66 2 4 
BA CA 19 - - 66 — 3 2 
BA EM 26 - - 2 3 4 
BA PA 6 - - 4 2 4 - -

BAg CA 3 66 — — 1 3 
BAg EM 1 2 - - 1 — 2 
BAg PA 1 4 — 3 2 
CA EM 35 3 1 — — 0 
CA PA 0 2 3 - - 0 — 

EM PA 4 4 2 0 — — 

IM BA BAg — - - - - 8 9 1 
IM BA CA — - - 8 — 134 1 
IM BA EM - - — 9 134 17 
IM BA PA - - — 1 1 17 — 

IM BAg CA - - 8 - - 3 0 
IM BAg EM - - 9 3 — 0 
IM BAg PA — 1 0 0 "" "" 

IM CA EM - - 134 3 - - -  - 8 
IM CA PA - - 1 0 8 -  -

IM EM PA — 17 0 8 — - —  

BA BAg CA 8 — — 10 2 

* The sample consisted of 14,334 journal articles by NIH grantees cited 
in NIH Research Grants Index, 1962. These articles appeared in 882 
different journals. 
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Part I. Journals (continued) 

BA BAg EM 
BA BAg PA 
BA CA EM 
BA CA PA 
BA EM PA 
BAg CA EM 
BAg CA PA 
BAg EM PA 
CA EM PA 
IM BA BAg CA 
IM BA BAg EM 
IM BA BAg PA 
IM BA CA EM 
IM BA CA PA 
IM BA EM PA 
IM BAg CA EM 
IM BAg CA PA 
IM BAg EM PA 
IM CA EM PA 
BA BAg CA EM 
BA BAg CA PA 
BA BAg EM PA 
BA CA EM PA 
BAg CA EM PA 
IM BA BAg CA EM 
IM BA BAg CA PA 
IM BA BAg EM PA 
IM BA CA EM PA 
IM BAg CA EM PA 
BA BAg CA EM PA 

Totals 

IM BA BAg CA EM PA 

9 m  m  10 2 
1 - - - - 2 2 

134 — 10 - - 2 
1 — 2 — 2 

17 — 2 2 m m  m — 

3 10 - - m m  0 
0 2 — • mm 0 
0 2 - - 0 m m  

8 2 0 m m  m m  

- - — - - m m  67 2 
- - - - — 67 - - 2 

- - — 2 2 m m  

- - — 67 • •  m  — 29 
m m  - - 2 m m  29 
m m  - - 2 29 m m  

m m  67 •  m  - - m  m  0 
" 2 m  m  m  m  0 

2 - - 0 m m  m  m  
m m  29 0 m m  

67 — m  m  m m  1 2 — m m  m m  1 2 - - m m  1 
29 — 1 
0 1 — - _ m  m  

m  m  -  - -- - - m m  31 
* - - 31 • • 

"*• - - 31 _ . 
m  m  -• 31 m m  

- - 31 m m  

31 — m m  m m  " 

>98 514 263 506 514 151 
No. of journals in sample b . 

- DY at least one of the six . 848 
No. of journals in sample not bv anv nf .. . 

" y any of the six services • 34 
Part II. Journal Art^rJpg* 

Alone 
IM 
BA 
BAg 

IM BA BAg 

527 59 19 
-- 27 7 27 — 32 

7 32 

CA 

67 
165 

49 
94 

EM 

63 
797 

8 
0 

PA 

15 
10 
14 

2 
* This tabulation gives the nimio £ 

would have been processed by the given^J/111101®8 in the sanple th 
services processed all rhp combination of services^? the 

8 1X1 thp lournals M êy covered 
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Part XI. Journal Articles (continued) 

CA 
EM 
PA 
IM BA 
IM BAg 
IM CA 
IM EM 
IM PA 
BA BAg 
BA CA 
BA EM 
BA PA 
BAg CA 
BAg EM 
BAg PA 
CA EM 
CA PA 
EM PA 
IM BA BAg 
IM BA CA 
IM BA EM 
IM BA PA 
IM BAg CA 
IM BAg EM 
IM BAg PA 
IM CA EM 
IM CA PA 
IM EM PA 
BA BAg CA 
BA BAg EM 
BA BAg PA 
BA CA EM 
BA CA PA 
BA EM PA 
BAg CA EM 
BAg CA PA 
BAg EM PA 
CA EM PA 
IM BA BAg CA 
IM BA BAg EM 
IM BA BAg PA 
IM BA CA EM 
IM BA CA PA 
IM BA EM PA 
IM BAg CA EM 
IM BAg CA PA 
IM BAg EM PA 
IM CA EM PA 
RA BAe CA EM 

IM BA BAg CA EM 

165 49 94 190 
797 8 0 190 
10 14 2 0 10 

- - 0 234 363 
_ _  0 25 3 
_ _ 234 25 - - 253 
_ _ 363 3 253 - -

65 2 0 8 
0 _ _ 714 5 

234 714 - - 10 
363 5 10 — 

65 - - 5 14 46 
25 714 - - 1 
3 5 - - 1 — 

2 5 - - 3 5 
253 10 1 — — 

0 14 3 0 
8 46 5 0 — 

_ _ • - 143 157 
_ _ 143 — 3403 
__ __ 157 3403 - -

2 13 164 
143 — - - 13 

.. 157 — 13 — 

— «• 2 - - 0 0 
3403 13 - - - -

_ _  13 0 - - 191 
164 0 191 — 

143 - - — 31 

157 
2 

- - — — 31 
6 8 

3403 
13 

— 31 
6 29 

164 - - 8 29 

13 
0 

31 
6 0 

0 8 - - 0 " "  

191 29 0 __ 2779 
2779 — 

8 58 
2779 - -

8 481 
58 481 - -

— 2779 - - "" 

0 8 — "" 

58 - - 0 
- - 481 0 

2779 - -  .  
"" ™ 

PA 

0 
10 

65 
2 
0 
8 

5 
14 
46 

3 
5 

2 
13 

164 

0 
0 

191 

6 
8 

29 

8 
58 

481 
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Part II. Journal Articles (continued) 

BA BAg CA PA 
BA BAg EM PA 
BA CA EM PA 
BAg CA EM PA 
IM BA BAg CA EM 
IM BA BAg CA PA 
IM BA BAg EM PA 
IM BA CA EM PA 
IM BAg CA EM PA 
BA BAg CA EM PA 

Totals 

IM 

8 
58 

481 
0 

BA BAg CA EM 

3 

PA 

2692 
2692 

2692 
2692 

2692 
2692 

12,590 11,622 6,817 11,611 11,771 3,854 

„„ ictnal sa-le by °"e °f th« 3l* 
services = 14,092 

nf journal ..tMa in "T1" c°ver"d by ,nY - — "* 
services = 242 

c o. 1 For services other than EM—National Federation of Science 
lbs trailing and Indexing Services, list nf Science Serials 
revered by Members of HFSAIS. Volumes 1 and 2. Washington, 
D.C., NSFAIS, January 1962. 

2. For EM—List of journal coverage provided by Excerpta 
Medica. 
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INSTITUTE FOR ADVANCEMENT OF MEDICAL COMMUNICATION 
9 6 5 0  W I S C O N S I N  A V E N U E  •  B E T H E S D A  1 4 ,  M A R Y L A N D  

Telephone: 656-2900 

APR1L 29 ,  I  96^  

Director 

Richard H. Orx, M.D. 

Associate Directors 

William P. Shepard, M.D. 

Isaac D. Welt, Ph.D. 

Scientific Council 

Michael E. DeBakey, M.D. 

Wallace O. Fenn, Ph.D. 

Harold D. Green, D.Sc., M.D. 

Robert E. Gross, M.D. 

George P. Hager, Ph.D. 

Hans H. Hecht, M.D. 

Hugh H. Hussey, M.D. 

Victor Johnson, Ph.D., M.D. 

Chauncey D. Leake, Ph.D. 

Clayton G. Loosli, M.D. 

Horace W. Magoun, Ph.D. 

Walsh McDermott, M.D. 

Aims C. McGuinness, M.D. 

Clifford T. Morgan, Ph.D. 

Jack D. Myers, M.D. 

Irvine H. Page, M.D. 

Otto H. Schmitt, Ph.D. 

Marion B. Sulzberger, M.D. 

Maurice B. Visscher, Ph.D., M.D. 
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MEMO TO THE EX-STAFF OF THE:  NAS STUDY 

AT LONG LAST,  THE STAFF PAPERS HAVE BEEN REFEREED AND THE ADVISORY 
BOARD OF FASEB HAS MET AND GIVEN DR.  LEE FORMAL APPROVAL FOR THEI  
? " ,0»  ,»  FR.^T .O,  PROCESS.  UNT.L  W,  „«0  ™,S APPROVAL,  
|  COULD DO L ITTLE ABOUT REVISING THEM FOR JOURNAL PUBLICATION SINCE 
IHERE WAS ALWAYS THE POSSIBIL ITY THAT EXTENSIVE REVISIONS WOULD BE 
SUGGESTED.  AFTER THIS DELAY,  OUR ORIGINAL HOPES TO PUBLISH 
PAPERS IN  THE JULY-AUGUST ISSUE ARE DOOMED,  S INCE MUCH WORK REMAINS 
BEFORE THE PAPERS ARE READY FOR JOURNAL PUBLICATION.  HOWEVER,  
WILL  WORK AS FAST AS I  CAN,  AND IF  ALL GOES WELL,  WE WILL  

IN  THE SEPTEMBER-OCTOBER ISSUE.  

1 HAVE BEEN ABLE TO DISCUSS THE QUESTION OF AUTHORSHIP WITH EVERYONE 
EXCEPT BOURNE,  AND THE FOLLOWING L INE-UP SEEMS GENERALLY AGREEABLE.  

PAPER § \  - -  NOT TO BE PUBLISHED AS JOURNAL ARTICLE 
PAPER #2  - -  ABDIAN,  BOURNE,  COYL,  LEEDS,  P INGS,  AND ORR 
PAPER $3  ~~ ABDIAN,  LEEDS,  AND ORR 
PAPER #4  - -  COYL,  LEEDS,  AND ORR 
PAPER #5  COMBINED WITH PAPER #7  — LEEDS AND ORR 
PAPER $6  - -  PINGS AND ORR 
PAPER $8  - -  PINGS,  LEEDS,  AND .ORR 

PLEASE CONTACT ME SOON IF  YOU FEEL THAT THIS  SCHEME FOR ATTRIBUTING 

AUTHORSHIP IS  UNFAIR TO ANYONE.  

THE MAIN CHANGES IN  CONVERTING THE PAPERS FOR JOURNAL PUBL1 CATr i c ON 
WILL  BE CORRECTION OF ERRORS,  SUBSTITUTION OF BETTER DATA WHERE 

L  L )  ADDING NEW REFERENCES,  PREPARATION OF BETTER ILLUSTRATIONS,  
AND SUBORDINATION OF DETAIL  (ARRANGEMENTS WILL  BE M,ADE THAT I ,AW DATA _  
AND DETAILED METHODOLOGY ARE AVAILABLE ON DEMAND) .  WHEN THE NEXT TO 
F INAL"  DRAFT OF EACH ARTICLE IS  READY,  1 WILL  SEND A COPY TO ALL  INDI 
VIDUALS WHO WILL  BE L ISTED AS AUTHORS FOR THAT ARTICLE.  AT THAT ST 
^  HOPE EACH AUTHOR WILL  GO OVER THE COPY VERY CAREFULLY BUT RAPIDLY,  
SO THAT THE K IND OF MINOR ERRORS THAT MARRED THE SUPPLEMENT CAN BE 
CAUGHT AND SO THAT EVERYONE IS  SATISFIED THAT THE DATA ARE ACCURA 
PRESENTED AND THE CONCLUSIONS ARE ADEQUATELY SUPPORTED.  

R .H.O.  
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Mr. Charles P. Bourne 
Research Engineer 
Stanford Research Institute 
Menlo Park, California 

Dear Charlie: 

The reprints of the 
October issue of FP finally came. j WQuld be 

copies of each on whic Unitmyorder'to 100 copies 
™ch since°the total cost ran into several hundreds of 
dollars. 

The Federation plans P*P«s" "hen 
these"arrive^ fa-mask 'then if they will send 10 copies 
to each member of the task force. 

Best wishes for the New Year, 
Sincerely, 

Richard H. Orr, M.D. 
Director 
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