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PREFACE

This report is one of four generated during a National Science

Foundation - supported study of statistical indicators of scientific and

technical communication. The four reports are as follows:

(1) Statistical Indicators of Scientific and Technical
Communication (1960-1980), Volume I: A Summary

Report. This volume describes the major indicators
identified during the study and their significance
to the field of communication of scientific and

technical information. These indicators are
addressed to information managers, administrators
and policymakers.

(2) Statistical Indicators of Scientific and Technical
Communication (1960-1980), Volume II: A Research

Report. This volume is concerned with the data
analyses which led to the system of statistical
indicators. It includes discussion of the overall
framework upon which the study was based as well
as of the analysis and mathematical models used

to generate the indicators. This volume will be
of interest to those engaged 5n research involving
communication of sciens-:.fic and technical informa-

tion.

(3) Statistical Indicators of Scientific and Technical
Communication (1960-1980), Volume III.: A Data

Appendix to Volume II. This contains listings of
the raw data obtained for a sample of scholarly
scientific and technical journals as a part of a
Jou-nal Tracking Survey. The data are accom-
pan.Led by a discussion of the methodology utilized
in collecting them, and by guidelines for their
interpretation. It is hoped that this volume will
be of use as a data refe-ence tool to other re-
searchers involved in ..]he study of the scientific

and technical journal literature.

(4) The Status of Journal Publishina in the United
States: 1975. This volume focuses exclusively on
the role of the journal literature in scientific
and technical communication, describing the flow
of article informat.ion among authors, publishers,
libraries, colleagues and users. A large number
of distribution channels are discussed.
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These reports highlight the results of an intensive search of

secondary data sources for relevant information on scientific and technical

communication activities. As a part of an ongoing effort in this area,

the Center for Quantitative Sciences will provide addition.1 data and special

analyses on re:ft:est. Questions should be addressed to:

King Research, Inc.
Center for Quantitative Sciences

6110 Executive Boulevard
Rockville, Maryland 20852
(301) 881-6766

The work performed under this contract was conducted primarily by

the identified authors. Other professional staff members of the Center for

Quantitative Sciences who wete heavily involved in the study were Katherine

McEvoy, Mary Yates, Colleen Schell, Charles Schueller, and Alice Newman. A

substantial con. "ution was also made by Sandra Baker and Jane Hurst, who

patiently typed -ous versions of the reports.

Consultants on the project were Francois Kertesz, Klaus Otten,

William Creager, and Betti Goldwasser. We also received a good deal of help

from a large number of voluntary reviewers and organizations. Finally, the

project monitor, Helene Ehenfield, provided support and critical insight

throughout the project.

Donald W. King
Principal Investigator
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SECTION 1

INTRODUCTION

1.1 Back,ground

The Division of Science Information of the National Science Foundation

places a major emphasis on providing aid to management across the national

scientific and technical information enterprise. One source of such assistance

is in the form of data and statistical indica -s that can be used for planning

and policy purposes. s, NSF requested proposals to develop statis

tical indicators : the STI field. The statement for this work is quoted as

follows:

Numerous studies have focused on the transfer of research

results from originators to users. But most of these investiga
tions have been limited to one phase of information transfer or

to one field of science or to one point In time. The need for a

comprehensive and continuing information base for policy and

planning is by no means new, but it becomes even more urgent as
the volume of scientific and technical information rises beyond
the reach of manual processing, while automation on a massive
scale approaches the point of economic feasibility. In order to

monitor and assess these developments, a statistical system for
gathering, organizing, and analyzing data relevant to all aspects

of scientific and technical communication is indispensable. The

objective of this project is to develop and initiate a system.of
statistical indicators of scientific and technical communication.
Each indicator, as a time series, will trace out some aspect of
the production of new scientific and technical information, of
the transfer of that information to users, or of the resources
needed to preserve it for future use and to retrieve it when needed.
The indicators are intended for analysis and interpretation by
planners and policy makers in Government and in the private sector
and as data in modeling and simulation studies. Taken together

they can be used to describe trends, anticipate new developments,
and guide the evolution of thc, nation's information resources
toward better and more economical service (104).

One of the constraints of the study was that all data were to be of

a secondary nature, that is, obtained from existing and available sources. We

have attempted to exhaust these sources of data and also to analyze them in

terms of their limitations. The second constraint of the study was that the

number of statistical indicators be not leTs than five nor more than twenty,

1

2 7



www.manaraa.com

which means that a great deal of information had to be molded into a few,

highly useful statistical indicators.

1.2 Study Design

The study was designed by the Center for Quantitative Sciences to

include five major tasks a background study, development of a framework for

the indicators, (IL ,
collection, development of the system of statist5e,1 in-

dicators and reporting. The first four tasks are described briefly below.

The study reports are discussed in Section 1.3.

The background study includel a numb c of visits to experts in the

fields of communications and information science. The purpose of these visits

was to help determine what indicators might be of use, how they would be used

and where data could be found to be incorporated into the system of indicators.

A wide range of sources of data was identified from these visits.

The second major task of the study was to develop a framework for the

system of statistical indicators. In a sense the framework serves as a general

model for the communication of scientific and technical information. Once this

framework was determined, we formulated broad descriptions of statistical indi-

cators that fit this

would be of most use

in Section 1.4.

framework and that we felt, based on the background study,

in the STI enterprise. The framework used is described

Data collection involved a large number of secondary sources. Among

these, various National Science Foundation, Bureau of the Census and Bureau of

Labor Statistics publications provided information on scientific manpower and

R&D funding patterns, and survey results from the Library Surveys Branch of the

National Center for Educational Statistics were used in discussions of libraries.

Both the Statistical Abstract of the United States (24) and the Bowker Annual

of Library and Book Trade Information (18) are heavily cited throughout the

study.

In the important area of journal publishing, a valuable source was

the SATCOM report (59) prepared by the Task Croup on the Economics of Frimary

Publication of the Committee on Scientific and Technical Communication of the

2
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National Academy of Sciences and the National Academy of Engineering. This

report presented results of a study, prepared by Conyers Herring, that care-

fully analyzed a number of economic factors in publishing such as costs, price,

circulation, and sources of revenue.

Additional data on journals came from two studies sponsored by the

National (Jcience Foundation, Division of Science Information. One study (48),

recently completed by Indiana University under the direction of Dean Bernard M.

Fry, obtained economic data from journal publishers for three years over a five

year period (1969, 1971, 1973). Our results use some of these data. The second

study sponsored by NSF is currently underway at New York University under the

direction of Dr. Fritz Machlup (73). This study will provide the best data

gathered thus far on publishers, including cos*:s, price and circulation. We

expect that some of our data will be supersedel by these results since the

data gathering procedures (personal interview d collection by graduate stu-

dents) are superior to procedures used by others in the past.

An impo:tant part of our data collection was a special study of journal

publishing conducted to fill a gap in the available secondary data sources.

This study was subdivided into thrce fairly distinct parts. The first part in-

volved a sample of 191 scholarly scientific and technical journals. These

journals were tracked back to 1962 to obtain information about their physical

characteristics such as number of issues per year, number of articles per issue,

number of pages per article, number of characters per page, number of special

graphics, and number of citations. The second part involved a survey of authors

of journal articles to determine information about their articles such as page

charge , reprints distributed and number of manuscript revisions. We also de-

termined information about journal articles that were cited by the authors, in-

cluding how the authors identified their cited articles and how they gained

physical access to them. The third part of the study involved a thorough review

of secondary sources of data such as other studies and available publisher

records. Initial plans to conduct a small publisher survey were felt to be

duplicative of Dr. Machlup's previously referenced project. This survey of

publishers is very comprehensive and should yield better publisher data than

we could have achieved on this study from secondary sources.

3
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The journal tracking study provided information over the 1962 1974

period on the prices charged to various subscribers. There is a dearth of in-

formation on publishing costs over an extended period of time. Therefore, we

applied a cost model developed in an earlier NSF study (14) to estimate costs

of typical journals. This model provides estimates of prerun and runoff costs

as a function of various model parameters: (1) journal characteristics in-

cluding number of issues, pages per issue, pages per article, characters per

page, and graphics; (2) cost factors such as paper and supplies, labor, postage

and equipment; and (3) process factors, including the process techniques used

such as typesetting versus photocomposition and process flow characteristics such

as percent rejection. Averages for each of the model parameters were estimated

from 1962 to 1974 and forecast to 1980 so that we could estimate costs over

this duration of time. Thus, the journal tracking study provided data for

prices and journal publishing parameters from which we could estimate costs.

We also obtained other interesting indicators such as sources of funding of

research leading to the articles, delay time from submission of articles to

publication, and number of journal articles citations as well as citations

books and technical reports.

To the extent possible, all :ata collection was conducted in terms of

the following fields of science used by the National Science Foundation. These

nine fields are:

I. Physical Sciences (Astronomy, Chemistry, Physics,

Other Physical Sciences)

IV.

Mathematics

Computer Sciet -Ind Engineering

Environmental Sciences (ALlospheric Sciences,

Geological Sciences, Biological Oceanography,

Physical and Chemical, 0.ceanography, Ecology, Other

Environmental Sciences)

V. Engineering (Aeronautical, Astronautical, Chemical,

Civil, Electrical, Mechanical, Metal/urgy and Materials,

Other Engineering)

VI. Life Sciences (Biological, Clinical Medical, Other

Medical, Other Life Sciences)

VIT. Psychology (Biological Aspects, Social Aspects, Other

Psychological Sciences)

4
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VIII. Social Sciences (Anthropology, Economics, History,
Linguistics, Political Science, Sociology, Law,
Other Social Sciences)

IX. Other Sciences (Science and Technology Assessment,
Science Policy, Other Sciences not elsewhere classi-
fied)

The next two sections briefly discuss the reports generated for this project

and the overall framework used for analysis.

1.3 Study Reports

In order to develop a system of statistical indicators, it was

necessary to study hundreds of secondary data sources and, from these sources,

derive a small number of indicators that suggest the direction of scientific

and technical communications over the past and in the future. It is anticipated

that these indicators will be useful to information science managers (adminis-

trators and policymakers) as well as to others engaged in scientific and techni-

cal communication activities.

Since the range of available data is so 1-road and since the data are

imbedded in the small number of indicators in diverse ways, we have chosen to

present results of our investigation in three distinct volumes as follows:

1) The first volume is a presentation of the STI Communications

Statistical Indicators. This volume includes only a des-

cription of the major indicators and their significance to
the field of communication of scientific and technical in-
formation. These indicators are addressed to information
managers, administrators and policymakers.

2) The second volume is an STI Communications Statistical Indi-

cators Research Report concerning the analysis of data

leading to the system of statistical indicators. It includes

description of the framework leading to the systkm of statis-
tical indicators as well as the analysis and mathematical

models used to generate the statistical indicators. This

volume will he of interest to those engaged in rese.trch
involving communication of scientific and technic,,' infnrma-

tion. It will also serve those who are interested the

details of how the system of statistical indicators wns de-

rived.

3 1
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3) The third volume A Data Appendix to Volume II. It

contains listings of the "raw" data obtained Far a sample of
scholarly scientific and technical journals as a part of our
Journal Tracking Survey. The data are accompanied by a dis-
cussion of the methodology utilived in collecting them, and
by guidelines for their interpretation. It is hoped that this
volume will be of use as a data reference tool to other re-
searchers involved in the study of the scientific and technical
journal literature.

This report, the second volume, is organized into sections covering

the major functions involved in the communication of scientific and technical

information. Section 2, Research and Information Generation, covers the number

of scientists and engineers and the volume of R&D funding in some detail and

is included priT.larily as background information.

Section 3, Trends in Publishing and Technical Information, focuses

on the composition, recording, reproduction and initial distribution of scienti-

fic and technical inTormation. It discusses the range of document types, in-

cluding books, journals, technical reports and others. Major subsections deal

with the growth of the literature, trends in factors related to publishing,

and the costs of publication.

Sections 4, 5 and 6 are concerned with the functions occurring between

publication and use of an S&T information source. The emphasis is on libraries,

an important communications channel. Section 4, The Acquisition and Storage of

Infornlatio, consists of an introduction to the topic of libraries and a dis-

cussion of the volume and costs of library acquisitions of scientific and techni-

cal materials. Organization and Control is covered in Section 5, including both

trends in library cataloging activities and the role of abstracting and indexing

services in the communications process. Section 6 is entitled Identification and

Physical Access and discusses the means by which the scientigt identifies needed

materials and gains physical access to them.

Section 7 completes the communications flow by_describing the Assimila-

tion and Use of Information, primarily measured through the use of citation

analysis. In Section 8, Total Cost of Communicatinz Scientific and Technical_

Information the costs of the various functions are combined and cost-effectiveness
_ _ _ . _ _ _

relationships are explored. The Reader is also referred to the Index to Tables

at the end of Volume II.
6
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1.4 Framework for the Statistical Indicators

It can be safely said that communication of scientific and technical

informati.m is one of the most important aspects of scientific research for this

is the mechanism that leads to its use and ultimate benefits. Communication,

however, becomes increasingly difficult as the number of persons engaged in

science and technology multiplies and as interdisciplinary and multidisciplinary

scientific research becomes increasingly important to scientific advancement.

The difficulties encountered in communication of scientific and technical in-

formation are further compounded by increased costs and decreased resources

with which to perform the basic functions necessary. Furthermore, the use or

anticipated use of innovative processes further complicates the situation since

we have no clear picture as to the imp- t of these innovations.

In order to gain some understanding of what has happened and to anti-

cipate what is likely to occur in the future, a system of statistical indicators

of the communication of scientific and technical information is needed. The in-

dicators developed as a part of this study are based on a framework or a model

of communication of scientific and technical information. This framework is

depicted in Figure 1.1. The diagram represents an information transfer spiral

based on published documents, although some of the functions described in it are

applicable to other forms of communication as well. The spiral includes ten

functions that are essential to complete the transfer of information.

It is convenient to consider the spiral as beginning at Research which

results in Generation of Information (1). This Euiction is the role of scientists

and engineers. Obviously, without research results to report or to communicate,

there would be little need for communications media. As shown later in this

report, the generation of research results and their subsequent use are related

to the number of scientists and engineers and to the resources expended on re-

search.

As a result of scientific research projects, manuscript (books, arti-

cles, reports) are Composed (2). The composition function refers to writing,

editing and reviewing the manuscripts. When a manuscript is in a form to be

communicated it is considered to be Recorded (3). These two functions are the

role of authors, publishers and other scientists when editing and review are

3 3
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Figure 1.1 SCIENTIFIC AND TECHNICAL INFORMATION TRANSFER
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performed. At this stage In Isolation, authors have very little impact on the

scientific communi::y by means of format communication. It is not until the work

has been reproduced and distributed that it has the potential for widespread in-

fluence on an audience beyond the author's circle of colleagues and follow

specialists.

The Reproduction (4) and Distribution (5) functions are usually the

role of tho publisher of scientific materials. However, as demonstrated later,

the author:, libraries and colleagues also play an important role in reproduction

and distrnution. Transfer of documents through the latter three participants

may be thought of as indirect reproduction and distribution which cannot take

place without Acquisition and Storage (6). Although many individuals may ac-

quire scientific and technical books, articles or reports, and may store them,

at least for a while, this stage of the spiral is best represented by acquisi-

tion and storage by libraries and other information centers. Through their

acquisition and storage policies, libraries provide a permanent archive of

scientific achievement. They also provide a guaranteed source of access to this

record.

Libraries also have an important role to play in Organization and

Control functions (7). As well as collecting publications, libraries and other

informatiot centers provide access to these documents through cataloging, classi-

fication, indexing and other related procedures. The major indexing and ab-

stracting services and bibliographic services play an important role in organi-

zation and control as well. Needed publications may be Identified and Located

(8) by a number of processes including reference to one's own subscription,

library search and, recently, computerized search and retrieval systems. This

function is usually accomplished by the user or an intermediary from a library

or other information service. The Physical Access function (9) may include

direct distribution of scientific and technical articles from publishers to

users as well as indirect distribution through libraries and other information

centers. The final function in the cycle, that of Assimilation by User (10),

is the least tangihle. The assimilntioa function is the stage at which informa-

tion (as opposed to documents) is transferred, and, thus, the state of the user's

knowledge is altered. The fnctional framE,work is presented as a spiral because

the communication process is continuous and may he -egenerative. Through

assimilation a reader may gain information that can be used in his research in

9
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such phase as conceptualization, dosign, conduct, analysis, and composition.

This research may, in turn, generate new composition and recording, and so the

process continues.

10



www.manaraa.com

SCCTION 2

RESEARCH AND INF:Mt-VI-ION GENERATION

The quantity of scientific and technical information generated

over a period of time can be assumed to bear a relationship to three general

crends: The numbers of scientists and engineers; the educational levels of

scientists and engiueors, and the dollars available for research and develop-

ment. This section deals in detail with these three trends and some of the

forecasts of the literature growth are based on these trends. Persons not

having a specific interest in these background details may want to skip t is

section and go on to those sections dealing with communications functions.

Resources available for the research and generation function are

discussed separately below as human resources and financial resources. The

characteristics of the outlets for recorded and informal information, al-

though closely related, are handled under the Composition and Recording

function, and, therefore, are only referred to in this section.

2.1 Human Resources, the Population Base

A number of population trends (including projection-) provide a

basis from which to view such human resource elements as college enrollments,

degrees granted, employment, etc. For this purpose there are particular

groups of the population which can be examined such as:

total ?opulation;
college age populations; and
labor force age populations.

Certain other population breaks such as degree recipient and em-

ployment rates for women might also be considered. However, these in-

cre,Ising rntos are imbedded in the statistics for the labor force and degree.

!cipient trends and a detailed view of the impact of career involvement by

women can be obtained from qber sources such as the publications of the

3 8
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2.1.1 Total Population

A salient characteristic of the U.S. population profile, graphed

on the following page (Figure 2.1), may be expected to have more impact on

education and employment than any otheL; the large number of births around

1960 creates a dramatic peak in the age distribution profile. This cohort

of young people centers around the 15-19 year old group currently (1975).

If all else were to remain the same proportional to total enrollment and

age-specific populations, the passing of this peak or bulge through the prime

college enrollment age, into the newly employed, and then through employ-

ment years and into retirement would unavoidably result in significant

effects on the numbers of and employment opportunities for scientists and

engineers.

Total population of the U.S. (including armed forces overseas)

has grown from 181 million in 1960 to an estimated 214 million in 1975 and

is projected to reach 223 million by 1980 (Table 2.1). Overall annual rates

of increase shown in Table 2.2 have been declining since 1961, with minor

exceptions (1970, 1975). This generally decreasing growth rate is expected

to continue through 1980. However, trends within specific age groups have

differed considerably over the same period For example, the 35-44 year

old group has experienced real declines in population since 1963 (22).

Over the same period, median age of the population decreased during

most of the 60's and early 70's from 29.4 in 1960 to a low of 27.9 in 1971.

Since then it has been generally increasing and is predicted to reach 29.9

by 1980.

The rightward movement (in terms of the graph) of this "bulge"

needs to be constantly kept in mind in considering projection data. Upsurges

in total numbers of new entrants into scientific fields over the next decade

will most certainly be followed by subsequent decreases. If the information

generating capability of scientists as well as their information needs

differ by length of time in the labor force, then the movement of this bulge

through labor force participation years also need to be kept in mind.

4 0
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Figure 2.1 TOTAL POPULATION OY THE UNITED STATES BY AGE GROUP
1960, 1970, 1980
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Table 2.1 TOTAL POPULATION OF UNITED STATES, BY SELECTED AGE GROUPS:
1960-1980, 1985

(Millions)

Yot1
Median

Age
16 4
°vac

21 6
Over

25 8
Over 17-18 18-21 18-24 15-24 14-64 21-66 25-64

1960 . . . 160.8 29.4 121.6 108.9 100.0 5.6 9.6 16.1 21.6 105.2 92.2 63.3

1961 . . 163.7 29.2 123.4 109.9 100.2 5.8 10.3 17.0 22.5 106.3 22.6 63.11

1962 . . . 186.5 28.9 124.9 111.1 101.7 5.6 WA 17.7 23.1 107.6 93.6 64.2

1963 . . . 169.2 28.6 127.3 112.3 102.5 5.5 11.2 111.3 24.7 109.5 14.5 14.1

1964 1/1.9 28.3 129.4 113.6 103.4 6.5 11.3 18.6 26.0 111.3 95.7 IL)

.1965 194.3 23.1 131.5 115.2 104.3 7.3 12.2 20.3 27.3 113.1 94.7 85.6

1966 196.6 28.0 133.7 116.5 10.3 7.0 12.9 21.4 28.6 114.1 97.8 $6.5

1967 198.7 27.9 135.9 117.8 106.5 7.0 13.7 22.3 29.4 116.8 98.6 87.4

1968 200.7 26.0 138.2 120.1 107.9 7.2 16.5 22.9 30.2 118.8 200.7 $8.6

1969 202.7 211.0 140.5 122.0 109.2 7.4 14.4 23.7 31.3 120.8 102.3 69.5

1970 204.9 27.9 142.9 124.0 110.5 7.6 14.7 24.7 32.5 122.9 103.9 90.4

1971 207.0 27.9 165.4 126.0 111.7 7.8 15.0 25.6 33.7 124.9 105.5 91.2

1972 208.8 28.1 147.9 128.1 113.9 8.0 13.4 25.2 34.0 127.0 107.2 23.0

1973 210.4 28.4 150.5 130.2 115.8 8.1 15.8 26.4 34.8 129.1 108.3 14.5

1974 211.9 28.6 153.1 132.4 117.7 8.3 16.1 26.9 35.3 131.2 110.6 95.9

1975 213.5 28.8 155.6 134.7 119.6 8.5 16.5 27.6 36.0 133.3 112.3 97.2

1976 215.1 26.9 156.1 117.0 121.5 8.5 16.6 26.2 16.4 135.3 114.2 91.7

1977 216.8 29.3 160.6 139.3 123.6 8.4 17.0 26.6 .37.0 137.6 116.1 100.4

1976 216.7 29.5 163.1 141.8 125.6 8.5 17.1 29.0 37.4 139.4 111.1 102.0

1919 220.7 29.7 165.4 144.2 127.5 6.5 17.1 29.1 37.6 141.1 120.1 103.7

1980 222.8 29.9 169.7 149.0 130.0 8.3 17.0 29.5 37.6 1n3.1 122.1 105.5

1985 234.1 31.1 176.5 158.2 141.7 7.1 15.4 27.8 14.9 149.9 131.5 115.1

PERCE1:: CHANCE

1960-65 -4 8 6 4 SO 27 26 25 8 5 3

1965-70 6 -1 9 a 6 4 20 12 19 9 7 5

1970-75 3 9 9 8 12 12 12 11 8 6 6

1975-80 4 9 11 2 -2 3 7 6 9 9 9

1980-85 5 4 6 9 -14 -10 -6 .7 5 I 9

=ACC: Bureau of tha Cans,a, DOC. 1750-73 data: "[sumac,. of the no41.10m of the United States. ay Age. Sea, and itJoito fivr81 11. 1960 to
July 1, 1973." C rrent PO221Aclon Aysorta; Population Iett+itel ard Prole4t1tn. (Str:te 7-23. Kn. 319). Ap,11 1974.

. 1974-80 data: °Prolectlons of t'le PopoIation of the OnI:ed Steoee. by Alle and Sta. 1975 to 2000, with Extension
of Total Population to 2025," Cu rrrrr Population Raporraijaulation Eationtee and 7:o4ect1ons (Serie, P-22. No. 541). Yebrnary 1975.

4 2

15



www.manaraa.com

Table 2.2 TOTAL POPULATION AND COLLEGE ACE POPULATIONS,
ANNUAL RATES OF INCREASE: 1960-1980, 1935

(Percent)

Year
Total

Population

Ae Groun

17-18 18-21 18-24

1960 . .

1961 . . 1.7 3.6 7.3 5.6

1962 . . 1.5 -3.4 4.9 4.1

1963 . . 1.4 -1.8 3.7 3.4

1964 . . 1.4 18.2 0.9 2.7

1965 . . . 1.3 12.3 8.0 8.0

1966 . . 1.2 -4.1 5.7 5.4

1967 . . 1.1 - 6.2 4.2

1968 . . 1.0 2.9 5.8 2.7

1969 . . . 1.0 2.8 -0.7 3.5

1970 . . 1.1 2.7 2.1 4.2

1971 . . 1.0 2.6 2.0 4.5

1972 . . 0.9 2.6 2.7 0.4

1973 . 0.8 1.3 2.6 1.9

1974 . . 0.7 2.5 1.9 1.9

1975 . . 0.8 2.4 2.5 2.6

1976 . . 0.7 - 1.8 2.2

1977 . . 0.8 -1.2 1.2 1.4

1978 . . 0.9 1.2 0.6 1.4

1979 0.9 - - 1.0

1980 . 1.0 -2.4 -0.1 0.7

1985 . . 1.0 -2.5 -3.4 -2.2

SOURCE: Market Facts, Inc., Center for Quantitative Sciences.
Based on Table 2.1.
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CollfLe Age Populalion

The projected 17-18 year-old population (Table 2.2 and Figure

2.2) levels off from 1975-1979 and then begins to decrease. Thus if college

enrollment rates for 17-18 year olds remained constant, enrollments could

still be expected to decrease by 1980. (In fact, these rates are not re-

maining constant, hut have begun to decrease.) In the 18-21 and 18-24 age

groups leveling off occurs somewhat later, but still will similarly affect

total college enrollments by 1980. Decreasing college enrollments (even

if the same proportion of appropriate age groups were to continue to enroll)

after 1980 or so will impact severely en job opportunities for Ph.D. holders,

and at the time when the number of Ph.D. holders (again assuming continuation

of present rates of Ph.D. achievement) has just increased.

Figure 2.2 COLLEGE AGE POPULATION GROUPS:
1960-1980

1660 62 4 60 3 -0 n 4 b m o
Yoshi

SOURCE. Table Z.
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Ltbor Force Population

In the 15 years since 1960, the population age group from which

the ;tri!,e maority of the labor force is drawn (21-64) accounts for approxi-

mately hall: of the total population. From a low of 51.2 percent in 1966-67,

the proportion grew to 54.5 percent in 1975 and is expected to reach almost

57 percent in 1980 (Table 2.3 and Figure 2.3). These increases compounded

by increased labor force participation by women will substantially increase

the size of the labor force over the next five years.

Figure 2.3 SELECTED LABOR FORCE AGE GROUPS AS A PERCENT OF ALL 20-64 YEAR
OLDS: 1960-1985

SOUP CE: Table 2. 3

2.1.2 Education

Data connected with the education of scientists and engineers is

of interest for two reasons. Not only do they provide a description of

the numbers of scientists and engineLrs that can be expected to be partici-

pants in the scientific labor force in subsequent years but they also impact

on labor force utilization, as colleges and universities are major sources

of employment especially for Ph.D. scientists. Slowing enrollments over

the next decade can reasonably be expected to ndversely affect employment

18
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Table 2.3 POPULATION IN LAIM FORCE AGE BRACKET
BY 15 YEAR Ar,E GROUPS: 1960-1980, 1985

Year
20-34

(Millions)
2 of
20-64

35-49
(Millions)

Z of

20-64
5C-64

(Millions)
2 of
20-64

20-64
Total

(Millions)

20-64 as
2 of Total
(Population)

1960 . . 34.1 36.1 35.1 37.1 25.3 26.8 94.5 52.3

1961 . . 34.2 35.9 35.4 37.1 25.7 27.0 95.3 51.9

1962 . . 34.5 35.8 35.6 37.0 26.2 27.2 96.3 51.6

1963 . . 35.1 36.0 35.7 36.7 26.6 27.3 97.4 51.5

1964 . . 35.7 36.2 35.8 36.3 27.1 27.5 98.6 51.4

1965 , 36.2 36.4 35.8 36.0 27.5 27.6 99.5 51.2

1966 . . 36.8 36.6 35.8 35.6 28.0 27.8 100.6 51.2

1967 . . 38.4 37.4 35.8 34.8 26.5 27.8 102.7 51.7

1968 . . 39.8 38.1 35.7 34.2 29.9 27.7 104.4 52.0

1969 . . 41.2 38.8 35.5 33.5 29.4 27.7 106.1 52.3

1970 . . 42.5 40.0 35.3 32.8 29.8 27.7 107.6 52.5

1971 . . 43.9 40.2 35.1 32.1 30.3 27.7 109.3 52.8

1972 . . 45.4 40.9 34.9 31.4 30.8 27.7 111.1 53.2

1973 . . 46.9 41.6 34.8 30.9 31.1 27.6 112.8 53.6

1974 . . 48.5 42.3 34.7 30.3 31.5 27.5 114.7 54.1

1975 . . 50.1 43.0 34.6 29.7 31.7 27.2 116.4 54.5

1976 . . 51.7 43.7 34.7 29.3 32.0 27.0 118.4 55.1

1977 . . 53.2 44.2 35.0 29.1 32.2 26.7 120.4 55.5

1978 . . 54.4 44.4 35.7 29.1 32.4 26.4 122.5 56.0

1979 . . 55.7 44.7 36.3 29.2 32.5 26.1 124.5 56.4

1980 . . 57.1 45.1 36.7 29.0 32.7 25.8 126.5 56.8

1985 . . 60.3 44.5 42.8 31.6 32.3 23.9 135.4 57.8

SOURCE: Bureau of the Census, DOC, 1960-73 data: "Estizates of the Population of
the United States, By Age, S. and Race: April 11, 1960 to July 1, 1973,"
Current Populition Reporcs;.PopulAtio:, 1.3[17.i:As and Projections (Series
P-25, No. 519), April 1974.

1974-S0 data: "Projections of the Population
of the United States, by Aee and 1975 to 200O3 with Extension of Total
Population to 2025," Current Pcnulat-lln Rcso:-.;: Population Esti=tes and
Prolections (Series P-25, No. 541), February 1975.

4 6

19



www.manaraa.com

opportunities for dectorate,; in the ir,edjate future. The employment as-

pects are further explored in subsequent pages, while the immediately follow-

ing discussion concentrates on cducational statistics, exclusive of faculty.

College Enrollment_

College enrollraents, especially as they relate to total population

within the 18-24 year age group, servo to provide indications of potential

future supply of scientists and engineers. Relevant highlights of education

projections at the post-secondary institution level include the following:

College enrollments (graduate and undergraduate) in degree-credit

programs total approximately 30 percent of the 18-24 year old population

(Figure 2.4). This proportion has steadily increased from 18 percent in

1955 through the early 1970's and then leveled off at the present rate. It

is projected to remain at the same level (31 percent) through the mid 1980's.

However, the National Center for Education Statistics questions whether this

assumption will really hold and provides alternative projections for high

and low enrollment rates (83).

Figure 2.4 COLLEGE ENROLLEES PER 100 18-24 YEAR OLDS: 1960-1980
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Statistics, OE, IDFIEW and p.3pulation projections, C.S.
Bqreau of thv Census.
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Undergraduate degree-credit enrollments increased steadily to 47

percent of the 18-21 year old population in the mid 1970's and similarly

are projected to remain at that rate for the next decade. The rates ex-

pressed above are comparisons between enrollments and numbers of persons

within the specified age group (e.g., for every 100 18-24 year olds, there

are 31 persons enrolled.in college). As such they are not the percentage

of the specified age group actually enrolled in degree programs. A survey

of a sample of students in 1973 (25) revealed that for all students 16-34, 74

percent were in the 18 and 24 age group, and an additional 22 percent were

between 24 and 35.

However, even if the proportion of the population which is en-

rolled in degree-credit programs remains stable, the ratio of full-time to

part-time students is expected to decrease over the next decade. The pro-

jected increase in the proportion of part-time students appears to occur at

the undergraduate level. Part-time undergraduate degree-credit enrollments

decreased from 28 percent of all enrollments in 1963 to a low of 24 percent

in 1965-68, then rose steadily to 29 percent by 1973. They are projected

to continue to increase steadily over the next decade. Graduate part-time

students are projected to remain at about 64 percent , a level they have

maintained since the early 1960's. (See Tables 2.4 and 2.5).

Thus the average length of time from first year college enroll-

ment to baccalaureate can be expected to increase. However, time lapses

from graduate entry to doctorate award which were studied by NSF in 1971-

72 may be expected to remain stable. According to the NSF Science Education

Studies Croup (83) results, an average of six years from graduate entry is

spent obtaining a doctorate degree in most science and engineering fields.

A year longer is average for Social Science (and for women in Agriculture,

Natural Sciences and Psychology). These results contrast with the three

to four years beyond the bachelor's degree usually required by educational

NCES dnta for undergraduate and graduate degree credit enrollments for 50

states and D.C.. NSF, Science Education Studies Groups data for graduate
enrollments which covers "aggregate U.S." including Puerto Rico & outlying
U.S. possessions, shows percentage of part-time graduate students averaging
approximately 54 percent.

4 8
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Tab le 2. 4 UNDERGRADUATE DECREE-CREDIT
ENROLLMENT : 1960-1980

(Thousands)

Fall Total Part-ti=e Percent Full-ti-p Percent

1960 . . . 3,227 904 28.0 2,323 72.0

1961 . . . 3,474 922 26.5 2,552 73.5

1962 . . . 3,753 1,028 27.4 2,725 72.6

1963 . . . 3,974 1,093 27.5 2,881 72.5

1964 . . . 4,342 1,145 26.4 3,196 73.6

1965 . . . 4,829 1,175 24.3 3,654 75.7

1966 . . . 5,160 1,220 23.6 3,940 76.4

1967 . . . 5,557 1,318, 23.7 4,239 76.3

1968 . . . 6,043 1,443 23.9 4,600 76.1

1969 . . . 6,529 1,639 25.1 4,890 74.9

1970 . . . 6,889 1,779 25.8 5,110 74.2

1971 . . . 7,104 1,816 25.6 5,289 74.5

1972 . . . 7,199 1,946 27.0 5,253 73.0

1973 . . . 7,397 2,122 28.7 5,275 71.3

1974

1975

1976

1977

1978 .

1979

1980

7,419

7,502

7,624

7,762

7,861

7,902

7,920

2,186

2,272

2,370

2,470

2,566

2,642

2,713

1960-65

1965-70

1970-75

1975-80

1963-73

50

43

9

6

86

30

51

28

19

94

ROJECTIONS

29.5

30.3

31.1

31.8

32.6

33.4

34.3

PERCENT CUANGE

5,233

5,230

5,254

5,290

5,295

5,260

5,207

70.5

69.7

68.9

68.2

67.4

66.6

65.7

57

40

2

83

Note: Data are for 50 states and the District of Columbia for all years.

SOURCE: National Center for Education Statistics, DREW, 1960-62 data:
Projections of Sducattena1 Statiscies to 1980-81, 1971 edition and
1953-1980 data: Proleions of E,L:caticnAl Statistics to 1933-84,
1974 edition.

4 9
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Table 2.5 GRADUATE 5EGREE-CREDIT ENROLLMENT
MASTER'S M(;REE OR HIGHER: 1960-1980

(Thotisands)

Fall Total Part-ti:,: per.:!7,t I Full-time Percent

1960 . . . 356 211 59.8 143 40.2

1961 . . . 386 224 58.0 162 42.0

1962 . . . 422 245 58.1 177 41.9

1963 . . . 521 333 63.9 188 36.1

1964 . . . 608 387 63.7 221 36.3

1965 . . . 697 441 63.3 256 36.7

1966 . . . 768 483 62.9 285 37.1

1967 . . . 849 532 62.7 317 37.3

1968 . . . 885 548 61.9 337 38.1

1969 . . . 955 591 61.9 364 38.1

1970 . . . 1,031 652 63.2 379 36.8

1971 . . . 1,012 624 61.7 388 38.3

1972 . . . 1,066 673 63.1 393 36.9

1973 . . . 1,123 714 63.6 409 36.4

PROJECTI N

1974 1,141 724 63.5 417 36.5

1975 1,163 739 63.5 424 36.5

1976 1,200 763 63.6 437 36.4

1977 1,232 783 63.6 449 36.4

1978 1,257 800 63.6 457 36.4

1979 1,273 810 63.6 463 36.4

1980 1,290 822 63.7 468 36.3

PERCENT CRANCE

1960-65 96 107 79

1965-70 48 48 48

1970-75 13 13 12

1975-80 11 11 20

1963-73 116 114 118

Note: Data are for 50 states and the District of tolumbia for all years.

SOURCE: National Center for Fducation Statistics. (DREW), 1960-62 data:
projections of Edueatitn11 5tatistics to 11"S1, 1971 edition

and 1961-80 data: Pro.r.ttic:Is of F1ucational Statistics to 1983-

84, 1974 edition.
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41,

insti L 1mm. The extended time,gaite obviously is largely the influence rf

ithe large number of part-time students at'the graduate level.

Enrollments hy Field of Science

0 For total enrollment at all. levels, the Bureau of Census (26) sur-

Iveys conducted in 1966 and 1972 provide interesting cortrast:;:

Table 2.6 PERCENTAGE OF TOTAL ENROLUIENT: 1966,1972

Year
Math & Physical & Biology Social

Statistics Earth Sciences Eirinrxing & Health Sciences

1966 . .

1972

.

.

3.9 3.8 b., 10.0

I
2.9 1.9 4.3 11.5

10.7

11.5

SOURCE: Bureau of the Census, DOC, "Social and Economic Characteristics of

Students," Current Population Reports; Population Characteristics
.(Series ?-20, No. 260), October 1972.

In these surveys, the largest increase was in "other fields not reported"

which grew from 19 percent to 33 percent.

V In looking at the statistics on enrollment by field (and in subse-

glent pages on degrees granted) we will be examining data tabulated by the

Science Education Studies Group (SESG) of NSF. Although similar data is

available from NCES and is in fact the source for the NSF data, the NSF

catpgories are more consistent with scientific field definitions that are

qlseu 4)41.1.ater sections of this report.

Graduate enrollment for advanced degrees in science and engineering

amount to just under one third of all such enrollments. The proportion

5 1
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appears to be decreasing and dropped from 33 percent in 1963 to 28 per-

cent in 1972. Within science and technology, distributions have changed

somewhrtt ro- che same period: Physical Sciences, Engineering, and Mathe-

matics a decreasing proportion of enrollees while Computer Sciences,

Life Sci_ences, Social Sciences, and Psychology are attracting larger pro-

portions. Records for first year graduate enrollments indicate these

trends may continue.

Degrees Granted

The supply of new degree-holding scientists and engineers has

been followed in serial data from NCES for several decades. Additional

categorical breakdowns by field of science as well as a special series on

doctoral recipients have been tabulated by NSF. The basic data (number of

degrees granted by level and by field of science since the 1950's) appear

more meaningful when presented as proportions of total populations.

Both the NCES and the NSF tabulations are provided in Tables 2.11

through 2.22 on the following pages. The NSF tabulations provide totals by

field of science which (as with enrollments) are consistent with the fields

of science used in the subsequent sections of this report. The NCES tabu-

lations, however, include projections to 1980 and although the field defi-

nitions differ somewhat, are presented in order to show trends over a

longer period.

Science and engineering degrees accounted for 30 percent of all

baccalaureate degrees in 1972, the lowest proportion since 1958. The prc

portion of master's degrees in science and engineering dropped from a high

of over 30 percent in 1965 to a low in 1972 of about 21 percent. Although

science and engineering degrees make up a much larger proportion of doctor's

degrees, 55 percent in 7972, this proportion has also been dropping since

1963.

The NCES data show the trend in decreasing proportions for science

and engineering master's and doctor's degrees continuing through 1980, while

bachelor's degrees in science and engineering remain more stable.
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Table 2.7 TOTO GRADUATE2 DEGREE-CREDIT ENROLLMENT,

BY FIELD OF SCIENCE: 1965-1972

Fall

1965 .

1966 . .

1167 .

1968 .

1969 .

1170

1971 . .

1972 .

535.3

583,0

649.7

703,7

756.9

816.2

836.3

858.6

195.3

207.0

224.5

234.7

243.7

252.2

246.1

243.0

1965.70

1967.72

52

32

29

8

(Thousands)

Physical

Sciencem Engineering.

computer

Scivnces Mathes:Rice

Life

Sciences

Social

Sciences Psychology

36.5 57.5 0.8 20.2 34.7 30.0 15.6

38.0 58.3 2,0 21.1 37.0 33.9 16.7

40.4 62,6 2.7 22.3 39.9 37.3 19.1

40.9 63.7 3.9 22.9 41.7 39.9 21.6

39.9 65.0 6,2 23.0 44.2 42.7 22.7

40,1 64.8 7.9 22,7 46.3 45.0 25.3

38,9 59.3 8.3 20.5 47.7 44.5 25.7

36.0 55.8 8.8 19.2 49.1 44.8 29.2

PERCENT CRANCE

10 13 888 12 33 50 62

-11 -11 226 -14 23 20 53

1

Part-time plus Full-time.

2

Master's degree or higher.

SOURCE: National Science Foundation compilation of the National Center for Education Statistics Survey of Students Enrolled

for Advanced Degrees, annual erien.
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Table 2.8 TOTAL GRADUATE* DEGREE-CREDIT ENROLLMENT,

BY FIELD OF SCIENCE: 1965-1972

(Percent Distribution)

Enrollment Field
Fall

1965 1966 1967 1968 1969 1970 1971 1972

Total Graduate Enrollments . . 100

Sciace & Engineering . . 36.5 35.5 34.6 33.4 32.2 30.9 29,4 28.3

Total Science & Engineering 100

Physicll Sciences 18.7 18.4 18.0 17.4 16.4 15.9 15.8 14.8

Engineering 29.4 28.2 27.9 27.1 26,7 25.7 24.] 23.0

Computer Sciences 0.4 1.0 1,2 1.7 2,5 3 I 3.4 3,6

Mathematics 10,3 10.2 9.9 9.8 9.4 9..0 8.3 7.9

Life Sciences 17.8 17.9 17,8 17.8 1E.1 18.4 1.4 20.2

Social Sciences 15,4 16,4 16.6 17.0 17.5 17.8 1E.1 18.4

Psychology 8.0 8.1 8,5 9.2 9..; 10.0 1)..8 12,0

*

Master's degrees or higher.

SOURCE: Market Facts, Inc., Center for Quantitative Sciences. Based on Table 2.7.
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Table 2.9 PART-TIME GRADUATE
*

DEGREE-CREDIT ENROLLNENT,

BY FIELD OF SCIENCE: 1965-1972

Total Science

and

Fr:1 Total En ineering

1965 . 304,4 86.2

1966 . . 312,0 82.7

1967 . 348.6 89.1

1968. , , , 300,8 92.9

1969 , 4153 99.9

1970 443,1 102.8

1971 . . 447,8 95,0

1972 . 471.1 96.0

1965-70 .

1967-72

46

35

19

8

(Thousands)

Physical

Sciences En inecring

Computer

Sciencea Mathematics

Life

Sciences

Social

Sciences PBYchr-LCI

12.9 32.6 0.3 10.5 11.6 11.9 6.3

11.2 31.4 1.0 10.0 10.7 12.4 6.0

11.9 33.6 1.3 10.9 11,5 13.1 6.9

11.6 33,9 2,0 11.4 12.0 14.3 7.7

12.1 35.1 3.4 11.8 13.1 15.8 8.5

12.3 33.2 4.2 11.2 14.5 17.4 10.0

11.2 0 4.5 9.7 14,9 16.8 10.0

10.8 i 4.8 9.2 16.2 17,7 11.5

PERCENT CHANCE

-5 2 1300 25 46 59

-9 -23 269 -16 41 35 67

A

Master's degrees or higher.

SOURCE: National Science Foundation compilation of the National Center for Education Statistics Survey of Students Enrolled

tor Advanced Degrees, annual series.
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Table 2.10 PART-TIME GRADUATE DEGREE-CREDIT ENROLLMENT AS PERCENT OF

TOTAL GRADUATE ENROLLMENT, BY FIELD OF SCIENCE: 1965-1972

(Percent)

Fell Total

Total Science

and

Engineering

Physical

Sciences Engineering

Computer

Sciences Mathematics

life

Sciences

Social

Sciences Psychology

(0o) (100) (I00) El) (10O)
(12) S100) VA_ 1100)

1965 . . 56,9 46.1 35.3 56.7 37.5 52.0 33,4 19,1

1966 53.5 40.0 29.5 53.9 50.0 47.4 28.9 16.6

1967 53.1 39.7 29.5 53.1 48.1 48.9 :F.8 35,1 36,1

1968 . 54,1 39.6 28,4 51.2 51.3 49.8 20.8 36,8 35,6

1969 54.9 41.0 10.3 54.0 54.8 45,3 29.6 37,0 37,4

1970 , , 54,3 40.8 100 51.2 53.2 40,1 31.3 38.7 39.5

1971 , . 53.5 38.6 28.8 47.2 5' 7 47.3 31.2 3.1 37.5

1972 , 54.9 39.5 30,0 46.2 54,5 47.9 33.0 39.5 39,4

SOURCE; Market Facts, Inc., Center for Quantitative Sciences, Based on Table 2,9.
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Table 2,11 EARNED BACHELOR'S DEGREES IN SCIENCE AND ENGINEERING: 1960-1980

na4d41.10

Ylot

1441.11

Mel
943 11et41

lot61 Idiots

ond

Hotorit 941611711

thyoled

11ilturKtOositICI 1C4:1moi Intinoortni_l

1octo1 San094

1 ellocon Totil fnytholop,

()that

Social

1.:Ionet1

1960 . 341,103 146,199 50,161 19,060 16,007 11,391 37,67, 51,231 8,061 50.191

1561 . 195,201 141,612 51,941 11,113 15,491 13,017 nme 80,102 8,440 52,112

387,910 156,263 51,661 21,240 13,891 14,370 36,020 66,512 9,576 16,954

1961 . 411,111 168,669 37,691 25,197 16,211 16,010 )4,9/2 11,029 10,991 65,011

1964 41.6,116 197,640 65,402 29,401 19,491 18,424 )1,014 10,144 11,959 16,986

1969 501,118 107,409 69,615 11,249 11M9 19,460 17 )8,114 91,110 19,511 0;,713

1966 , 320,241 1:0.311 71,611 34,429 11,129 19,911 19 11,971 110,721 16,911 97,412

1961 . . . 557,011 139,191 76,117 37,119 11,219 21,101 122 /0,616 124,414 19,103 103,111
.

1968 631,711 210,439 81,996 40,644 19,300 23,113 459 10,341 145,101 11,362 112,114

1969 . . /21,161 311,709 95,776 43,954 21,460 27,209 933 15,517 172,616 19,291 141,321

1170 . . 041,310 339,011 99,/15 49,411 21,129 27,412 1,944 41,678 190,193 33,536 159.959

1971 . 839,130 )57,990 97,016 48,413 11,457 24,101 2,188 50,046 205,911 19,890 168,011

1972 . 881,460 161,810 98,210 30,810 20,400 23,630 3,370 50,110 217,210 13,120 174,150

2913' 9%4,000 )91,110 106,110 33,0)0 11,630 23,410 4,130 18,740 9%710 61,1'0 109,100

.; 977,010 401,1)0 101,360 55,550 11,400 25,800 1,610 47,180 291,690 21,410 194,270

140.111710149

1913 971,010 396,690 101,110 53,310 00,990 25,620 3,060 39,970 249,610 34,690 194,910

1916 . 967,06/0 390,600 104,690 54,010 10,010 29,190 3,350 16,180 249,130 16020 191,110

1911 991,04)0 397.6/0 105,660 54,300 19,90 23,120 3,140 13,140 236,070 59,570 116.540

19/6 1005,000 411,120 107,170 55,310 19,930 25,7A 6,190 40,060 263,190 62,910 200,110

1971 1013,000 413,670 101,180 33,310 11,640 25010 6,160 41,110 261,060 65,640 201,110

1990 1021,000 411,740 105,110 55,990 11,670 25,490 1,120 44,640 214,030 68,710 21,:90

1/11:Da 0114141

1960-65 . 29 42 31 40 12 71 2 ro 10 69

1965-10 . 55 14 4) 51 11 11 1675 21 12 131 OS

1410,11 . 2) 17 7 12 -2 4 225 -10 31 6) 74

1975-80 . 6 8 1 1 -6 1 45 12 10 26 s

1944-74 . 109 106 64 19 2) )9 27 174 295 193

KU Mimic

Biological So1ondo 0 Aviculture sod !Mod h000i4111,

2

Soalll :clone, 0 tublle Afillro 6 sordcoo Lamy ;dm,.

Polo Doti covor 90 Otat44 and ['Matt of Coluolla,

SOUICLI Mind Cantor fat Uncolon 36atInt1to, No, 1442-10 Ow !IlloOt1oo0 of thocittooal $totfIttoo to till-up 1914 olitift, sod 1160-41
ditii ProjoctIons of Monoclonal Ststlottc6 to 1910-01, 1111 tattoo,
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Table 2.12 EARNED BACHELOR'S DEGREES IN SCIENCE AND ENGINEERING: 1960-1972

Academic Yenr

Ending

Total

All Field,

Total Science

snd

Natural Sciences

Engineering

Social Sciences

Toreldlo
Life Physical

sciencRo Katheantics

Computer

Sciences Total Pnychology

Other

Social

Sciences

394,889

_Inglpenrin.

120,937 51,635 24,141 16,057 11,437 37,808 31,494 8,111 23,383

1961 . . . . 401,784 121,660 52,527 23,900 15,500 13,127 35,866 33,267 8,524 24,743

1962. . . . 420,485 127,469 55,704 25,200 15,894 14,610 34,135 37,030 9,638 27,392

1963 . . . . 450,592 135,964 60,198 27,801 16,276 16,121 - 33,458 42,308 11,062 31,246

1964 . . . . 502,104 153,361 67,815 31,611 17,527 18,677 - 35,226 50,320 13,359 36,961

1965 . . . . 538,930 164,936 72,426 34,842 17,916 19,581 87 36,795 55,715 14,721 40,994

1466 . . 555,613 1/1,421 74,232 16,864 17,186 20,ou 89 35,315 63,424 11,022 46,402

1967 . . . . 594,862 181,040 70,712 39,408 17,794 21,308 222 36,108 72,921 19,496 51,433

1968 . . . . 611,591 212,174 86,786 43,260 19,442 23,625 459 37,614 87,774 23,972 63,802

769,633 244,519 98,567 48,713 21,591 27,330 933 41,553 104,399 29,495 14,904
,

1970 . . . . 813,322 264,122 102,789 52,129 21,551 27,565 1,544 44,772 116,561 31,854 82,702

1971 . . . . 884,386 271,(76 100,316 51,461 21,549 24,918 2,388 45,387 125,473 38,154 87,31S

1972 . . . . 937,004 281,228 101,621 53,484 20,837 23,848 3,402 46,00) 133,604 43,421 90,18:

1960-65 .

1965-70 .

1962-72 . .

36

55

123

36

60

121

PERCENT CHANCE

40 44 12 71

42 50 20 41 1675

82 112 31 63

-3

22

32

77 81 75

109 130 102

261 351 229

Note: Data cover aggrogete U.S.A., including outlying territorlee (Puerto Rico, Virgin Islands, etc.).

S0IREE1 National Science Foundation compilation of data hum the National Center for Education Statiatice Annual Survey, mimed Degrees Conferred.
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Table 2.13 EARNED BACHELOR'S DEGREES IN SCIENCE AND ENGINEERING: 1960-1980

(Percent Distribution)

*desk Year Ending

Field of Science 1960 1961 1962 1963 1964 1965 1966 1961 1968 1969 1970 1911 1972 1973 1974 1975 1976 1977 1978 1979 1990

All Fields, Total 100

Mull SSE 37 6 37.4 40.3 40.6 41.3 41,4 42.3 42.9 42.8 43.1 42.9 42.0 41.4 41.1 41.1 40.7 40.4 40.5 40.9 41.2 41.6

Natural Science 13 0 13.0 13.8 13.9 14.0 13.9 13.8 13.7 13.3 13.1 12.6 11.6 11.1 11.1 11.0 11.0 10.8 10.7 10.7 10.6 10.6

Engineering 9 7 9.0 9,3 8,4 7.9 7,7 7.3 6.9 6.4 6.2 6.3 6.0 5.7 5.1 4.8 4.1 3.7 3.7 4,0 4.2 4.4

Sciencen 15 0 15.3 17.2 18.3 19.3 19.8 21.3 22.3 23.1 23.7 24.1 24,5 24.6 25.0 25.2 25.6 25.8 26,0 :6.2 26.4 26,6

Science 4 Engineering, Total 100

Life Sciences 15 8 15.4 14.9 15.2 15.3 15.5 15.6 15.5 15,0 14.6 14.5 13,7 13.9 14.0 13.8 14.0 13.8 13.7 13.5 13.2 13.1

Phys!en1 Sciences 10.9 10.5 10.1 9.6 9.1 8.6 7.8 7.4 7.2 6.8 6.3 6.1 5.6 5.5 5.3 5.3 5.1 5.0 4.8 4.7 4.6

Mnthematics 7 8 3.9 9.3 9.5 9.7 9.4 9.1 8.9 8.7 8.7 8,1 7.0 6.5 0 ' 6.4 6.5 6.4 6.4 6.3 6.1 6.1

Computer Sciences . . 0,2 0.3 0.5 0,7 0.9 1.0 1.1 1.3 1.4 1.5 1.6 1,6 1.7

Engineering 25 7 24.2 23.1 20.7 19.2 18.6 17.2 16.2 15.0 14.5 14.6 14.2 13.8 12.4 11.8 10.1 9.3 9.0 9.7 10.3 10,5

Psychology 5 5 5.7 6.1 6.5 6.9 7.0 7.6 8.1, 8.8 9.3 9.9 10.7 11.8 12.4 13.1 13.8 14.5 15.0 15.3 15.7 16.1

Sociel Sciences 34 3 35,3 36.4 38.5 39.9 40.8 42.6 43.9 45.2 45.7 46.2 47.6 47,6 48.2 48.4 49.1 49.5 49.4 48,8 48.1 48.0

SOURCE: Market Facto, Inc., Center for quantitative Sciences. Rased on Table 2.11.

(i 5

6 6



www.manaraa.com

Table 2.14 EARNED BACIELOR'S DEGREES IN SCIENCE AND FNGINEERING: 1960-1972

(Percent Distribution)

Academic Year Ending

Field of Science 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1910 1971 1972

All Fields, Total 100

Total ShE 30,6 30.3 30.3 30,2 30.5 10.6 31.2 31.6 31.6 31.8 31.7 30.7 30.0

Natural Science 13.1 13,1 13.2 13.4 13.5 13,4 13.4 13.2 12.9 12.8 12.3 11.3 10.8

toglneering 9.6 8.9 8.3 7.4 1.0 6,8 6.4 6.1 5.6 5.4 5.4 5,1 4.9

Snclnl Sciences 0.0 8.1 ILA 9.4 10.0 10.1 11.4 12.1 11.1 13.6 14.0 14.2 14.2

Se Ince 4 forIneering, Total . . 100

1.1fe Se lences 20.0 19.6 19.8 70,4 20,6 21.1 21,3 21,0 20.4 19,1 l9.7 19.0 19,0

rhygtral Se lencen 13.1 12,7 12.5 12.0 11,4 10.9 9,9 9.5 9.2 8,8 8.2 7.9 . 7.4

tiallemat let; 9.5 10.8 11.5 11.9 12.2 11.9 11.6 11.] 11.1 11.2 10,4 0.2 0.5

Commter Sclenceo 0.1 0,2 0.4 0,6 0,9 1,2

Fogfneering 31.3 29.5 27.2 74.6 21.0 27.3 20.6 19.3 17.7 11.0 17.0 16.7 16,4

Ptvhdogy 6.7 7,0 7.6 8,1 8.7 8.9 9.8 i0.4 11.3 12.1 12.8 14.1 15.4

Soctal Sciences 19.3 20.3 21.5 23.0 24.1 24.9 26,7 28.4 30,1 30.6 31.3 32.2 32.1

MEN Market Filar!, Inc., Center for Quantitative Sciences. Brined on Table 2,12.
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Table 2.15 EARNED MASTER'S DEGREES IN SCIENCE AND ENGINEERING: 1960-1980

Acsdeplc Yoe

CoJlo

1900

1161

1901

196)

1944

1965

1106

1907

1164

1909

11/1

1112

tom

107

Totol

All Yield.

492

,135

64,419

95,410

105,551

111,151

140,548

151,107

176,149

191,754

740,111

214104

250,060

216,300

2/0,100

TOW Scilfic$

operlo

13,3/1

16,156

31,012

30,141

40,561

41,106

91,1/1

56,901

61,611

60,400

10,626

14,914

19,120

00,140

03,570

local

1,041

9,141

10.914

11.917

11,116

14,397

16,1113

17,794

15,764

10,451

11,071

71,131

21,060

72,0"0

77,7/0

9/9,000

744,:9C0

297,51/0

300,600

301,100

317,1071

65,460

81,040

011,970

91,100

11,150

94,200

11,210

11,190

73,110

24,250

24,420

24,050

i940-15

1165470

1110-75

1,91140

116144

51

73

)4

12

156

13

56

11

10

106

63

46

10

1

11

Kt% eotlmotto,

1

11.1041041 lame Winker. lours! Remoras.

RotureI Memo Soclol 5c1rocto

Llrel

Science.

?hylles1

5clonoes Kothroodos

Omutor

Sciences Illnotrink Total forchology

Othn
2

5ocl61 Odom:vs

3,104 7,116 1,197 7,159 7,371 1,906 5,965

3,06 1,190 1,111 0,110 0,097 1,719 4,014

4,363 1,11) 1,600 0,95) 13,073 1,717 11,191

9,577 4,115 3010 9,666 14,115 1,114 12,001

4,1/4 4,515 3,615 10,817 16,54 1,031 14,441

5,295 4,006 4,116 12,093 0,494 1,107 174509

6,261 4,977 4,169 13,117 22,541 2,423 10,1171

1,115 5,405 5,715 13,906 15,919 2,019 21,021

1,140 5,499 5,571 15,141 29,511 3,131 15,141

11,211 5,495 5,111 1,012 15,111 12,169 3,116 20.433

1,997 5,911 5,04 1,459 15,113 11,0/0 1,11 11,9:5

6,141 6,141 5,191 1.300 14,44) 37,700 1,491

odto 0,060 50,11 1,000 16,600 40,510 1,290 11,110

6,360 6,060 5.110 1,100 16,470 41,170 5,410 14,110

9,200 6,160 5,410 2.000 14.640 44,140 5,000 71,470

1101131710716

9,420 6,210 5,510 2,07 16,1100 45,860 5,010 31,110

1,510 4,170 MID 2,1411 16,100 46,410 5,940 40,090

1,7111 6,210 5,640 2,210 16,940 43,740 8,110 42,110

1,110 4,110 5,240 2,110 17,160 49,690 6,290 0,4011

20,010 6,300 5,420 2,410 11,350 50,940 4,930 44,510

10,100 6,100 5010 1,500 11,400 51,950 6,510 45,410

1101/1C0-"'-111110600

43 AS 130 61 114 56 171

51 11 34 30 II RI 81

111 5 -2 41 15 40

11 1 7 20 11 11 14

85 15 49 93 161 116 164

7

Soc141 004nte 4 fohllo Wets i !Holm 4 Llbrery Wows,

Nom Dam corer 50 Rotel owl 111otrIct of 01140111.

0000041 Melons: Crosse for FdoostIon 3lot6otico, 00311, 1152-00 411011 froloctl000 ol UE6414061 Stflotles 13 1043-49 , . ao 196041 btoi

frI,I4ctIoni of C1ucel0001 Stelloace to I9o041, 1971 rditloo,
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Table 2.16 EARNED MASTER'S DEGREES IN SCIENCE AND ENGINEERING: 1960-1972

Academic Yenr

Ending

Total

All Fields

Total Science

and

Engineering

Nntural Sciences

Engineering

Social Sciences

Total

Life

Sciences

Physical

Sciences Nathemni1cs

Computer

Sciences Total Psychology

Other

Social Sciences

1960 . . . . 74,497 20,012 8,903 3,751 3,317 1,765 . 7,159 3,950 1,406 2,544

1161 . , . . 78,269 22,786 10,122 4,085 3,799 2,238 - 8,178 4,486 1,719 2,767

1962 . . . . 84,889 25,146 11,281 4,472 3,929 2,680 - 8,909 4,956 1,832 3,124

1963 . . , . 91,418 27,367 12,173 4,718 4,132 3,323 - 9,615 5,559 1,918 3,641

1944 . . . . 101,122 30,271 13,527 5,351 4,567 3,603 - 10,827 5,917 2,059 3,858

rio 112,195 33,815 15,190 5,918 4,918 4,168 146 12,356 4,589 2,261 4,348

1q66 , . . . 140,/12 99,081 16,61,8 f.,6f6 4,9')2 4,772 231 11,670 7,711 2,530 5,137

1961 . . . . 151,892 41,800 18,610 1,465 5,412 5,284 449 11,8115 9,305 3,138 6,167

1968 . . . . 177,150 45,425 19,904 8,315 5,505 5,531 541 15,188 10,111 3,482 6,851

1969, , . . 194,414 48,425 21,455 8,809 5,911 5,223 1,012 15,243 11,727 4,011 7,714

1910 . . . . 209,387 49,318 21,638 ,8,590 5,948 5,648 1,459 15,59/ 12,016 4,120 7,956

1911 . . , . 231,416 50,624 11,495 8,320 6,386 5,201 1,580 16,347 12,782 6,438 8,344

1972 , . 252,774 53.562 22,407 8,914 6,107 5,209 1,977 16,802 14,358 5,291 9,065

PERCENT CRAKE

1960-65

1965-70 .

1962-72 ,

51

87

198

69

46

113

71

42

99

59

46

91

45

21

61

135

36

94

899

69

29

89

67

83

190

59

84

189

71

83

190

Note: Data cover aggregate U.S.A., including outlying territories (Puerto Rico, Virgin Wanda, etc.

SOURCE: National Science Foundation compilation of data from the National Center for Education Statiutica Annual Survey, Earned Deves Conferred.
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Table 2.17 EARNED MASTER'S DEGREES IN SCIENCE AND ENGINEERING: 1960-1980

(Percent Distribution)

field of Soltoor

kahols Oar 5)&2

)1/0 1541 ne 1103 O954 160 1966 Dq 1166 1969 ON nn pn 1914 11/5 1916 1017 1970 1919 !

All 71114e, Totil
103

__1J1)

CA
Total 545 377,1 32.2 37,2 15.1 35.4 19.6 31,2 17.2 35.4 35.1 31.9 32.5 31.6 31.2 30,9 30.1 50.6 30.4 00.3 104 30.1

9itur41 !demo 11,4 12.1 12,4 11.5 12.5 11.7 11,4 11.3 10,6 10.8 10.1 9.3 8.9 t.6 8,4 5.3 6.3 1,1 8.1 0.0 7.9

lordoroeon . . . 9,1 10.0 10.1 10.1 10,3 10,7 9.9 9.9 8,6 1.9 7.5 7,1 6,7 6,4 6,2 4.0 5,1 5.8 3.7 5,6 5.6

Social Meal 9,5 1.9 14.1 15.4 15.7 16.0 16,0 16,4 16.1 16.6 16.3 16.1 16.2 164 16.) 14.4 16.5 16,5 16.5 16.6 16.5

olooco XrittootrIng.
100

114 Setencee 15.9 15.1 13.2 12.4 12.1 11.7 12,0 11.1 12,4 12.0 11.3 10.4 11.1 11.0 11,0 11.0 10,9 10.9 20.9 10.5 19.9

thfilrel Se ltecto 14.4 14,4 11.1 11.1 11.2 10.9 9,5 9,1 8.8 5.6 8.4 1.5 1,5 74 7,4 1,2 7.1 1,0 6.9 6,8 6,7

&law' Ira 10 8.1 8.1 1,1 8,1 1,3 9.1 9.0 9.8 5.4 8.0 6.7 6.6 6,5 6.5 6.4 6,4 5,3 6.3 6.3 6.2

CrIpottr
2.1 2.1 1.1 1.4 LA LA Ls 1.5 2.6 1.6 LI

Enalneedna 10.6 11 1 27.2 26.6 26.8 26.8 26.2 23.9 24,4 22,5 12,3 21,9 21,0 20.5 19,9 11,6 19,3 11,0 11.3 15.7 11,5

tnitholo67 6,0 6,5 5.6 5.3 3.1 4.5 4.6 4.9 5.1 5.5 5.6 5.9 6,7 6.1 6,6 6,11 6.9 6.1 6.9 6.9 4.1

5oc1,1 Sclencen
25.5 24.1 34,1 35,1 35.7 36.5 39,5 19.2 40.5 41,6 42.4 43.7 44.3 45,1 46.0 46.6 41.0 47.3 47.6 41.9 45.2

90014C41
Hnr5et !Arta, Inc., Center for QuentitetIve Sciences, Need ea Table 2.15,
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Table 2.18 EARNED MASTER'S DEGREES IN SCIENCE AND ENGINEERING: 1960-1972

Field of Science 11960

All Fields, Total

Total SIE

Neural S:lence

Englnerrin

Social Srlencp,

Science 6 Englnepring, Total .

Llfe Sciences

Physical Sciences

Mnthemntics

Computer Sclencee

Engineering

Psychology

Social Sciences

26.9

12.0

9.6

5.3

18.7

16.9

8.8

35.8

7.0

12.7

(Percent Distribution)

Acndcmic Year Ending

1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972

100

29.1 29.6 29.9 29.9 30.2 27.1 26.5 25.6 24.9 23.6 21.9 21.2

12.9 13.3 13,3 13.4 13,5 11.8 11.8 11.2 11.0 10.3 9.3 8.9

10,4 10.5 10.5 10.7 10.7 9.7 KB 0.6 7.8 7.4 7.1 6.6

5.7 5.8 6.1 5.9 5.9 5.5 5.9 5.8 6.0 5.8 5.5 5.7

100

17.9 18.6 17.2 17.7 17.7 17.5 17.9 18.3 18.2 17.4 16.4 16.6

16.7 15.6 15.1 15.1 14.5 13.1 12.9 12.1 12.2 12.1 12.6 11.8

9.8 10.7 12.1 11.9 12.3 12.5 12.6 12.2 11.8 11.4 10.3 9.7

0.4 0.6 1.1 1.2 2.1 3.0 3.1 3.7

35.9 35.4 35.2 35.8 35.6 35.9 33.2 33.4 31,5 31.6 32,3 31.4

7.5 7.3 7.0 6.8 6.6 6.6 7.5 7.7 8.3 8.4 8.8 9.9

12.1 12.4 13.3 12.7 12.9 13.7 14.8 15.1 15.9 16.1 16.5 16.9

SOURCE.. Market Facts, Inc., Center for Quantitative Sciences. Based on Table 2.16.
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TaLle 2.19 KIMNED DDCTO'S DEGPVE:; iN SClICE AND LNCJI,DT.NG: 2960-3980

Total ',I....

8.,turol

- .
Social
- _

Scler,..
_ - _ _ - - . _

Academic Year 70391 L11.1 Car6"ce. 0,11,r2

1960 7,129 6,411 3,60: 1.661 I,flS 103 786 1,923 441 1,282

1961 10,575 7,904 3,911 1,85 1,99: 344 043 2,072 703 1,169

1162 11,622 7,7+5 4,412 1,114 2.17: 3.16 1,216 1,097 791 1,316

1963 12,1:2 9,699 4,077 2.007 2.290 490 1,355 2,147 844 1,593

1964 14,490 0,7:4 2,155 596 1,705 2,, 919 1,739

1161 16,467 11,011 65,310421 236,528941 2.129 672 6 2,113 2,776 811 1,937

1966 111,211 12,101 6.659 3,917 7,°,5 192 19 2015 3,129 1,037 2,072

20,617 13,61/1 7,358 1.026 1,447 532 36 2,619 3,641 1,190 2,451

1968 23,059 15,017 5,160 3,594 3.513 947 36 2,933 4,CHM 1.211 :,772

1969 25,188 16,1:7 9.957 1,717 1,959 1,'"9/ 64 1,191 4.599 /.508 1,001

1970 29,766 19,02: 9,9411 4.:03 4,312 1,236 107 3,691 5,343 1,620 3,761

1971 32,10/ 19,671 10,4+6 1,7)1 4,110 1,199 128 3,636 5,652 1.702 4,020

'672 33.310 20,060 10,010 ,..670 4,903 1,130 170 3,660 5,390 1.560 4.510

1973° . . . . 34,710 20,190 10,121 4,510 4.331 1.040 220 3,380 6,690 1.360 4,1130

19749 . 33.083 19,440 9,400 4.160 4,747 1 .C(X) 270 3,320 6,610 1.970 4,410

PEDJEC-71010

1975 34,9.90 13,740 9,300 4,250 3.4n 070 340 3,340 7,041 2,110 4,411

1976 16.900 21,040 1,929 4,00 4,^40 970 410 3,330 7,610 7,541 5.270

1977 37,:00 21,420 10,040 4.680 1.490 660 50n 2040 8,440 2.930 5.610

1978 41,100 21,761 10.140 4.730 4,310 891 00 2,960 6,640 2,440 5,7190

1979 40,200 21,920 10,170 4.750 4,00 910 410 2,980 9,670 2,950

1910 41,200 22,113 10,430 4,570 4,140 4:0 100 3,040 8,890 1,910 5,860

FORC9901 CMANCE

60 56 54 171 44 31 51
1960-65 66 61 125

1981-70 91 73 63 66 5: RI 1663 73 94 0) 9A

1970-75 17 -6 -1 -11 -22 2IR .10 31 33 30

1975-80 16 13 11 15 8 -5 47 -8 26 41 20

1)64- '4 131 100 S: 65 60 95 147 110 :62

NCES eact4at.9.

91o1041cal Sclen,, Arricultc, Ilr,tal 4.4curde4.

2

S9cial Se:.,c. 96slic 971,:r. L 3.r.:1... LI:.tarr 4.7)enze.

.4oto. 0,t. in 2111.:., ;7 :a: 0...1a.

501:006, , C,rr Or 1, 31'.7-rn
tnI

01: Ind 146.1-,)

7 7

38

_ .
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Table 2.20 EARNED DOCTOR'S DEGREES IN SCIENCE AND ENGINEERING... 1960-1972

Academic Year

Ending

All

All Fields

Total Science

and

Engineering

Natural Science

Engineering

Social Sciences

Total

Life

Sciences

?hysical

Sciences Mathematics

Computer

Sciences Total Psychology

Other

Social Sciences

1960 . . 9,829 6,056 3,788 1,647 1,838 303 786 1,482 641 841

1961 . , 10,575 6,531 3,981 1,646 1,991 344 943 1,607 703 904

1962 . , 11,622 7,249 4,322 1,804 2,122 396 1,207 1,720. 781 939

1963 12,822 8,055 4,778 1,908 2,300 490 1,378 1,899 844 1,055

1964 14,490 9,025 5,232 2,181 2,455 596 1,693 2,100 939 1,161

16,467 10,252 5,991 2,474 2,829 682 6 2,124 2,137 847 1,290

1966 19,739 11,298 6,542 2,696 3,045 782 19 2,304 2,452 1,046 1,405

1967 , 20,671 12,759 7,232 2,900 3,462 1117 38 7,614 2,911 1,211 1,687

23,091 14,128 8,021 3,445 3,593 947 36 2,932 3,175 1,268 1,901

1969 . . 26,189 15,839 8,799 3,779 3,859 1,097 64 3,377 3,663 1,551 2,112

1970 29,872 17,619 9,787 4,131 4,313 1,236 107 3,681 4,171 1,658 2,503

1971 . . 32,113 18,466 10,252 4,534 4,391 1,199 128 3,654 4,560 1,782 7,778

1972 . . 33,369 18,412 9,876 4,473 4,103 1,128 167 3,704 4,812 1,881 2,951

ITITENT ClIANCE

1960-65 . 68 69 58 50 54 125 170 44 32 53

1965-70 81 72 63 67 52 181 1683 73 95 97 94

1962-72 187 154 129 148 93 184 207 181 141 214

Note: Data cover aggregate U.S.A., including outlying territories (Puerto Rico, Virgin Islands, etc.),

SOURCE: National Science Foundation compilation of data from the National Center for Education !:ti, !sties Annual Survey,

Earned Degrees Conferred.
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Mble 2.21 EARNED DOCTOR'S DEGREES IN SCIENCE AND ENGINEERING; 1950-1380

(Percent Distribution)

7110 or (,1Nme

knIrmIr Tn. Eq1-..

1W.,1 oil -771711149 041 142 l':k1 Pi44 1.95 11',6 1161 1','1 1 1217 1.414 17.t1 1.??11

All IIOJA, Tn.11

...1419

1F0

in 411 .47 r'1,? 1.4,) 14.6 67.1 67.1 66,1 09.4 6, I 95.4 41.7 0,1 61.9 40.2 59,7 51,6 55,6 51.1 51.4 34.7
54,7 54 1

l',A1 !"..I..nin . . 'li 17.7 11.7 32.1 14.1 11.1 13,5 15./ 14.1 l',.7 17.,) 17,5 3101 11.1 19.1 Al 24.0 ;IA 71.1 210 7).1

'IX A,1 14.1 10.4 11.1 11,0 12,1 12.1 13,1 12.9 11.4 IL) II,l 7,7 7,1 IA 7.7 1.5 ).4 1.4 1,1.

'...i;SI,,r, . !" 6 I0.0 :M.) 10.3 '6.9 17.1 11.7 11.1 11.6 19.0 II,I 11.7 19,6 19.6 70.7 21,2 11.9 21.' 21,4 11,6

I. F 11

'. 1 101

15,5 21.6 74,1 21.) 21,9 11,3 71.2 77.2 71.1 21.2 27,6 11.11 21.!.) 27.4 11.3 11.3 213 11.9 11.7 21.8 21.7

1

11,441 9,

!in . .

. ' 30,2

4.1

79,4

4.9

77,4

5.1

11.4

5.1

75,7

4.1

75,1

6.1

25,1

6.1

25.4

6.1

21.9

6.)

21,7

6.3

71.1

4.7

12,1

6,0

20,4

5.4

:1.4

5.1

20,4

5.1

19,5

4.9

11,7

4.4

19.6

4.1

19.5

4.1

19.5

9.1

Ia.,

0,1 O.) 0.1 7,7 0.6 0.6 OA 1.1 1,1 1.1 1,1 2,1 1.1 'a 2.2

12.1 11,7 15.7 19,1 17,8 19,4 10,1 19,7 19,4 70.0 19,4 11,) 18.2 16.1 17.1 14.1 15.1 11,1 11,7 31.1 11,7

Nowly. 4.8 :.17 10.1 1.1 9,7 7.4 7,6 9,1 7.1 9,9 9,9 9,0 9.4 9.2 11.1 10.1 17,1 IF 7 II,S 11.S

7,1,,,,4 . . 11./ 11.0 21,0 11.5 17.1 17.6 II.) lei 11,5 13,1 19.6 20,2 22,5 153 71,9 74.1 2S,0 71,2 76.2

1ort., Int., qnter mor 414i4t194t1rq 0,1r4c411, Mood on Tnblo 2.19.
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Table 2.,22 EARNED DOCTOR'S DEGREES IN SCIENCE AND ENGIEERING: 1960-1972

(Percent Distribution)

Acndynic Year Ending

Field ,f Science 1960 1961 1962 1963 1964 1965 1966 1,57 1963 1969 1970 1971 1972

All Adds, iotal 100

Total 960 61.6 61.8 62,4 62.8 62. 62.2 61.9 61,9 61.2 60,5 59.0 57.5 55.2

Natural Science 38.5 37.6 37.2 37.3 36.1 36.4 35,9 35.1 34.7 33.6 12.8 31.9 29.6

DitineerIng 8.6 8.9 10,4 10.7 11.7 12.9 12.6 12.7 12,1 12,9 12.3 11.4 11.1

Social f.cleocen 15.1 15.2 14.8 14.8 14,' 13.0 11.4 14.1 11,7 14.0 14.0 14.2 14,5

Science .1. Engineering, Total 100

Life Scieoces
27.2 25.2 24,9 23.7 24.2 24.1 23.9 22.7 24.4 23.9 23.4 24.6 24.3

Physical Sciences 30.4 30.5 29,3 29.5 27.2 27. 27.0 :17.1 25.4 24,4 24.5 23.0 22.1

Natlirmtia
5.0 5.3 5.5 6.1 6.6 6.7 6.9 6.11 6.7 6.9 7.0 6,5 6.1

Cower Sciencen
0.2 0.1 0,3 0.4 0.4 0.7 0.9

Engineering 13.0 14.4 16.7 17.1 Mt 20.7 20.4 20.5 22.5 21.3 20.9 19.8 20.1

Psychology
10.6 10.8 10,8 10.5 10.4 8.3 9.3 9,6 9.0 9.8 9.5 9.7 10.2

Social Sciencen
13.9 1: 13,0 13.1 12.9 12.6 12.4 13.2 13,5 13.3 14.2 15.0 15.0

SOURCE, Market Facts, Inc., Center for Quantitative Sciences. Based on Tatle 2,20.
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Table 2.23 SCIENTIFIC AND ENGINEERING DECREES AS PERCE2:TAGE OF
TOTAL DEr;REES GRAN1ED, BY 1,5EVEL:

1960-721 and 1960-1980-

Academic
Year
Endin

(Percent)

NSF NCES

Bachelor Xaster Doctor Bachelor Master Dector

31 27 62 38 30 66

30 29 62 37 32 66

30 30 62 40 37 67

30 30 63 41 38 67

1960 . .

1961 . .

1962 . .

1963 . .

1964 . .

1965 .

1966 .

1967 .

1968 .

1969 .

1970 .

1971 .

1972 .

1973 .

1974 .

1975 .

1976 .

1977 .

1978 .

1979 .

1980 .

30 30 62

31 30 62

31 27 62

32 26 62

32 26 61

32 25 60

32 24 59

31 22 58

30 21 55

41 38 67

41 39

42 37 66

43 37 66

43 35 65

43 35 65

43 34 64

42 32 62

41 32 60

- 41 31 59

- 41 31 58

- 41 31 57

- - 40 31 57

- 40 JO l'l

- 41 30 54

- 41 30 54

- - 42 30 54

1

Based on NSF ccmpilaticn.
2

Based on NCES data.

SOURCE: Market Facto, Inc., Cent,27 t'or :ntito!! .Ez1rnce,. T..;..en from Tables

2.14, 2.18, 2.22 and 2.13, 2.17, 2.21.
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Table 2,24 SCIENTIFIC AND ENGINEERING DEGREES BY LEVEL1 AND FIELD ()F SCIENCE2 AS

PERCENTAGE OF TOTAL SCIENTIFIC AND ENGINEERING DEGREE. 1960-1980

Academic

Year

Endin

Life Physical

Sciences Scicnces

B M 0 9 M

1960 . . 16 26

1961 , 15 15 24

1962 .

1963

1964 . . .

1965

11,(' . .

,67 ,

1568 .

1969 ,

15 11 25

15 12 23

11 14 28

10 14 28

10 12 27

10 28

15 12 24 9 11 25

16 12 24

16 12 23

16 12 22

15 12 24

15 12 23

9 11 26

8 10 25

24

1910 . . , 14 11 8 23

1971

1972 . .

19/3 .

1914

1976 .

1917 . .

1918 .

1917 . .

1930

1

14 It

14 1 23

14 22

14 11 22

11 22

8 22

6 6 20

8 '1

21

5 7 19

14 11 21 5 1 .,9

14 11

14 11 22
r

19

7 18

1) II 22 I 5 7 18

13 11 ..1.7

11. Bachelor's

M Msster's

D. Doctor's

2

7 18

Matheinntice

1.4 D

Computer

Sciences

M D

Engineering11'08908HDPsychology

Sociel

Sciences

8 0 5 26 31 12 6 6 10 34 26 20

9 9 5 24 31 14
j

6 6 10 35 24 20

9 8 5 23 27 16 6 6 10 36 34 17

1,1 9 6 21 27 16 6 5 10 38 35 18

10 9 6 19 27 18 7 5 10 40 36 18

9 9 6 19 27 19 7 5 8 41 36 11

6 17 26 19 8 5 9 43 38 17

6 1 24 19 8 5 9 44 39 16

15 24 19 9 5 8 45 40 18

8 14 22 20 9 6 9 44 42 18

8 A 15 22 19 10 6 8 46 42 20

/ 7 1 2 1 14 22 18 11 6 9 48 44 20

6 1 2 1 14 21 18 12 7 9 48 44 22

6 6 5 1 7 1 12 20 17 12 7 9 48 45 74

1 6 5 1 2 1 12 20 11 13 7 10 48 44 24

6 6 5 1 2 2 10 20 17 14 7 11 49 47 25

6 6 5 1 2 2 9 19 16 14 7 12 50 47 25

6 6 4 2 2 9 1 14 15 7 13 49 47 26

6 2 1 16 1 4 15 7 14 49 46 76

6 4 2 3 19 14 16 7 14 44 411 26

2
s

18 14 l',. 7 14 48 48 26

National Center for Education StatiatIca (NCB) Ads nf sc!(

SOURCE: Market Facts, Inc., Center for Quantitative TabieA 2,11, 2.17 tod 2.21.
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Computer Sciences, Psychology and Social Sciences have accounted

for increasing proportions of all science and engineering degrees at each

of the three degree lc- els and those trends will continue through 1980. At

the doctorate level, life sciences, physical sciences, and psychology

account for higher proportions of degrees than they do at luwer levels.

The multitude of factors which encourage or jiscourage swdents

and prospective students frow continuing their education, and which in-

flue7ce their decisions about field of specialization will only be touched

upon here. Needless to say, they are incorporated into the projcctions

(for degrees) provided by :,CES and (for supply al utilization) by the

Bureau of Labor Statistics.

Our rationale for examiuing data on educational ariment is two-

fold. First, tho shifts between fields of science (or between scientific

fields and others) need to be identified to project the total nu;.bers of

scientists and enginoers for future years. Although r,cogniii_:r

made of the fact that shifts in field of employment do occur afe

education is complete (at least temporarily), the educationa. c.

still by far the largest supplier of new bc- talent. Fieid choices

in post-secondai education partieularl-y c,t to reflect aware-

ness (on the pa -t_ of counsellors, as well changes in:

national policy which in turn ie:-.1uences jol- market, income levels and

costs of education, the availability cf financial su[port for educational

e:wenses, pressnr,..s r, lating to the relativ importance to sociec:

of certain skills, etc.

Scientific .ngineeriuc, Labor Force

The data on :he hisHry of and thd H-cjecCons for the labor

fol. P of sidntists and n.,:,incers, to a large dNtr-11, is qualified

same types of ineonsist'ti that t -f-ecL Lit tducationnl data. Over

definitions for science/engiuei: ,ve included mr,;-e or 1- ss of the

scif-2nffy:ts, fiddidal se: ntisls and L-Mnicians. Computer sciunt:sts

are ortdn shift d bctwydn ungineriug and matherinti,--1 fields (or not

counted at all). In addition, the pl-rle sources of national datn (BLS,
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Census, NSF) provide totals based upon different points of view. BLS

statistics on labor force show the number of employees (by field or occupa-

tion) from the viewpoint of the employers. The total number of (employed)

sciertists and engineers thus identif"ied is uot necessarily compatible with

the number who identify themselves ;Is being scientists and engineers, nor

with the number of labor force participants who have degrees in science and

engineering.

The growth in the numbers -C Jefentists (including social scientists)

and engineers over the past decade has been from an estimated 1.1 million

to 1.8 million in 1970 and 0 million in 1975. The rates of increase ob-

served over the past two decades show a steadily slowing trend. Employment

of natural scientists and engineers increased 46 percent from 1950 to 1955,

36 percent over the next five years, 24 percent in the first half of the 60's

and 17 percent in the last part of that decade. NSF currently estimates an

annual rate of increase of 2.4 percent annually or 13 p.rcent between 1970

and 1n75. S/E employment grew at a faster rate than total employment throug'l

1970. The unmbr at natu::al scientists and engineers per 10,006 civilian

employees was less than 100 in 1950, 163 by 1960, and just ofer 200 in 1970.

At NSF's projected rates of increase the ratio may be estc'ed at about

the -;,1111,. t.hroi_wh 1975 and then deci isin v 19t .. to roughey 185.

Both NSF and BLS projections for the decade 195-1985 note tht!t

the supply of ne scientists and eilineers w 11 exceed utilization. The net

effect i in antfcipa, I increase LI the p porLion of employed scienttsts

and e'lgineers advaed deg !.zos. nether this arnlints to enriehT, ni

the field or to underitilization, the phenomenon is the same. In consi:e.ning

the generation of- scientiFic and tochnL7J1 infor-:-Ition, this phenomenon is

partHularl:. gnificalit as ft is g_neri.: believed that ioctoral degree

hold s ar- mor, likely !_o produce ;:t)re recorded information than th e with

lo5;m 1cm ed doos. However, t effcct rm-,: be tempered

tho t:Ict it deereasin,; :ollege onr Macnt s -.1lean fewer academic jobs,

seiermistm/.'n:c,incors ei7,ployed in these positions also (!rid .o ho high

prneern of- r rded information.

p II

7mployed natmral seienrisr:; lade np about '

employment sh!co s proport-ion 15;
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proj. Aed to remain fairly constant through 1985. However, there are

strong Indications that scientists and engineers ft the early 1980's will

have more education than currently; more wIll h4ve Ph.Des. There are

presently approximately 2,000,000 employed scientists and engineers (de-

pending somewhat upon which scientific fields are included).

Three primary sources of dat-a arc availahle from which to make

estimates and projections. All three break out the fie'ls of science

somewhat difFerently and definitions and tctals are not fully comparable.

The first, which provides data fcr ven years up through 1970, is the

national Register of Scientific and Technical Personnel which

ined by the N tional Science F-undation. Secondly, NSF supports the

Roster cf Doctoral Scientists and Engineers, maintained by the National

kesearch Conn( 11. A survey of a sample of the 272,0(:0 individuals on the

Roster WAS c-ach! in 1.973. In 1972 and 1 y74, the Census dureau surveyed

a sample of pyte who b.ul been identified in the 1970 decemiol census as

being in Hpecified ,ientific or engineering occupational groups. This

surJey is intended to he continued biennially.

The rates of growth of employment in scientific and engineering

fields ;ire comp.red here with of growth for total employment, and

th employmcnt of prof,ssional and technical workers. In 'cidition, the

ay:111,1111UL r data for doctoral scientists all,ws special consideration

01 this L, .

it appoor '
genc,,r1-iy true that each succeive scrie f

cst imatis ama puojections for emploTient in all of the cat gories mentioned

-in the proceeding pardraph, tel,LI to be revised ward. The same is true

of estimates. and projections for pepnla (S, and II), colleL..' cu-

r:eit id arid lohor force. her 11 such e timates ;Ind

pr .j i i ion:4 or,. p rtially upon assumption:. J:,out the trend in birth

thev ceasidci ed ui-.,1,1 1 y indepnd..u of t. (-II other in

terms or 61. ale ot nler,1 OF people involvefl in .ch catoger. How-

.H the various subgroups of eml-,ved persons

(for exiimple, the propL:tion t

arui ,.r

i employm it h consists or scientists

cdn ,H11 provid mihoit iris it tremis.

46
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Definitional prohlems become severe when attempt:- 're made to

compare datl from differeul sources. Tho fields of scientific endeavor

which are includI ill One set of data are not consisront with those covered

in others. Tn addition, the assumptions concerning what constitutes a

"scientist" (independent of field) vary, in some cases to inconsistencies

between training and employment categories. "Natural Scientists", 1 classi-

fication used by NSF, Census and BLS, only sometimt-s includes mathematics

and statistics. Tn some series scientists and Li:, hnicinns are grouped to-

gether, in others scientists and engineer:-;, while cata on scienris:s alone

imly also be presented. In addition, data source must be considerA. Stl-

tistics collected from employers regarding the number of employees in

certain occupaions differ from those collected from employees C-emselves.

Any examinati, 1 of trends in employment is necessarily coupled

with trends in educati, and as a result leads to comments con erning anti-

cipated "enricir nt". AetheT th eKpected increased educational level

foreseen by ci, itific a.1,1 technical -ersonnel (including academicians) is

fact an impr.vement ("en.cicment") cr whether it is actually "under-

utilization" i a semantic argument as rh.: phenomenon is the same. Con-

Hlensus oF op-ion exists th L IL will occur over the next decade.

The process of creating (-.:tir....ites for S/T labor force for the

eight fin "Other") ':SF speciii,: fields of -:cince is a risky business.

C, -rally, it i considered by mAnpower statistic:an to be something which

for valid reasons cannot be done. Shifts hetweep

occurrin'i; amitially both in ter:..,-; f the

are know.: to be

-1:Htional ',,oundaries by

difforeot dat:i ,.acies and Al ) hy ihe sel tists and them-.elves.

Individ,HH identity .1: not: be the sattie as educational back-

::'tronnd or W Classi.ficat ons 1.1:,:ed by surv..-...s of em-

H; of :iiployeen are hrlsed upon ebjeeti-.,

.iispurato is to pi--elude con'titent definitions nf i st if i e field.

Jable ;1-tsa ,.en i th:it shift 1-)e-erl re mere lii<ely

to ( reli,tod en sp'cLi1t.ie s

and inary fields. Very little study 1-1,1s been devoted to those

sh: ffe r. :eal- a ties 's'aid 'he belief th;tt

f id "non-:-1/F" do rat re:nrn. 10:e iltl,*!c to 1!!1 Ivcr

dOcUM,'! r.-upp(,r!_ bell

4 7
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in estimating S/E labor force between 1960 and 1980, a number of

arbitrary de,isions were applied to existing data. These are described below

for each of the seven fields of science plus engineering. In all cases, the

reader is referred to the source data for specifi' caveats, survey metho-

dologies, and definitional distinctions which ar sufficiently lengthy to make

their full disclosure here impractical. The Bureau of Labor Statistics pro-

vides widely quoted data on employed natural scientits and engineers through

1970 (27). These data were used for the years 1960-1970 in the accompanying

table (2.25). In addition, sub-fields were broken out of Physical Scion 'e

and Life Science ir order to create a category for "Environmental Science".

This may well he an artificial discinline anyway and it should be noted that

NSF in its educational statistics does not identify su.r.h a category. How-

ever, Census does in its curr:.:w surwey. The decision to create this cate-

gory from a subset of geologists/geophysicists and other physical scientists

may underestimate the category to the Lxtent that chemists and physicists

are involved in environmentally oriented oc,-aipations. The number of environ-

men-al scientists is the numer of geologists/geophysicists listed by BLS

plus 25 percent of oth physical scientists. (The remaining 75 percent Yere

added to physicists and chemists to obtain Physical Sci-nces estimates).

That proportion wJs chosen tn be in line with the number of meteorologists

listed in NSF':4 NationA Regisu2r of Scientific and Technical Manpower

(92, 93, 94, 95, 96) . Although oceanog-aphers were not counted separately for

tau decade 1960-70, the totals arrived at for 1970 carry for-,Jard into BLS 1972

data summing geologis's, meteorologists oceanographers. Also ignored in

these toOs are life scientists involved in environmental fields. For the

years 1972-83, BLS '72 estimates and projected -ates : increase wer

The '60-'70 s,:eatist and eir,ineer population covered in the cr.-

ployment data above specifically exclud social scientists and psychologists,

and also (with the likely exception of L litputer eu !neers) compJter scientists.

Data for the inr:)er of scititiet s and engineers between '77. and '80 arc de-

rived from the BLS estimates for 1972 ar,.1 1985 and annual rates of

increase. In most cases, 1 nnmher of ctogortes wore summed to create

gronnin ren 1111ini!, the :CSF Ic Is of science a: =Int rates of in,-

appl:-(1 throngh 1180. -NHL; any err beten 197? and

suhmkrged t the thc,dology. (i t

48
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Tal) h. 2, 25 Sc I [N]: Li' C

') t): 19FM

M.5,6151_2c.'"Z$2._

1.166 1,

:nr,

flg. 47t,1 1°. 3

1960 . . . 801 )0) IA 11 146 :6 J4 21 1159

1961 . 821 21$ )6 10) 192 :7 11,, )6 2) 1211

1952 .
87) )2) 40 112 151 :7 I:10 )7 25 2277

1961 . . 911 258 44 120 167 21 1211 )1 .5 1546

946 282 47 1)0 174 30 1)7) 26 1396

1'55 . . 9)0 )95 50 121 1 :1 1267 42 )0 1442

1966 . , 10,7 419 54 14,7 164 74 1411 44 31 1501

1967 1028 4)9 62 151 76 14'7 50 )5 1516

:958 . . . IC61 46) 67 159 I) )7 1525 14 58 )1 1649

1967 1045 483 71 166 262 36 15f6 55 61 1215

19), 1097/ 476 74 17) 25,9 .0 1575 14 64 46 1791

1111 1099 506 25 177 714 40 1615 98 80 1694

1972 . . 1100 515 76 100 219 40 1619 107 95 1871

1971 . 1114 518 78 184 :74 42 1656 101 90 9 1927

1974 1160 127 10 18/ :29 Io 7 111 100 6 197)

.715 1192 551 8, 191 214 44 1)41 119 lc: 202I

1224 565 95 145 147 45 11'0 12) 10.4 65 :C6I

1117 . 1.'57 199 46 PJ'' li, 1c7 ^8 1114

1916 179) 590 9 20) ,, . MI 125 70 :155

11)9 . . 1126 91 :0, f.9 19,7 141 I:1 7) 1:55

197' . . 1161 6:1 74 :11 49 1V.1. 1,, :114

__. ____ ____

21 )1 47 41 2.1 - :0 4,

I) 25 48 15 :5 17 47

II II 10 12 1,.. 5 16 77 47 12

1,5-6'. :4 I: 15 10 1: ,I 11 27 II .4 14

1953-'1 77 6.4 116 4) 54 44 88 :13 64

1:' 4.1? :

!, 1' !,. ,,..e
4. 7 . . :.7:! /7.?
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For some fields, especially Psychology and Social Sciences, the

jump from 1970-1972 is probably more dramatic th,a reality warrant.

Rather than the rate of increase being exces,=,, yly large over the two yeat

period, it is more reasonable to issume that eit.h,x the '60-'70 dHra is

underestimated, or the '72-'80 series over stated. Almost the teverse

appears to be true with engineering estimates, whe re growth from '70-'72

appears to be smaller than might rea!-:,:lably be expect, .

Number of Scientists lnd Fc-ineers

Since scientists and engineers are both producers and users of

scientific and technical publications we will show that the number of arti-

cles produced nd the nuHter of uses of these publications are highly corre-

lated to the Humber of scientists and engineer: Thus, this number L5 sig-

nificant for projecting future productin and use since the number of

scientists and engineers is not expected to grow as rapidly as in the past.

This section provides estimates of the nti:Ithor of scientists and engineers

by field from 1960 through 1975 and proections through 1980.

Our e 'mates of number of 1ontists and engineers are ba,ed on

an ,nalysis of seconda:y :;ources rated by the National Science Foundation,

the U.S. Department of Labor, and the U.S. Census Bureau. Tbere are dis-

crepancies in covernge and ir 1sf ft an am.Lg rh se sources of data and,

therefore, we have had to make juch -)onts and adjntments to create rea-

sonably consistent info

Estimates the .imoor of scientists and engneers are given in

Tab1,4. 2.25 and Figur, 2.5. The Natural Sci,!;Ice fields (N:--thematics, Life

Science Phy.icai Scien,, , Environm,,ntl Sc'..nes) are given AL., I subtotal.

ThH total in considered mr,re accurat th:m t r',,r the individual natural

sr ionco-,. Tho l I ot

ex 'opt its t. ho...o pc rs,,ns

jections of 1(q2

project r

Cro;USi.

in field t:ino ("ther Sciencos")

trod .or Fields. The pen-

,-;umminb ,:iro:nt of L:lhor Statf!-:tics

in )1vItw, nnntril tmtu-1 of in-

!)

50
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FI1 ,-(. 2..
AND 1960-19.;0

24001-
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Z 1400
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The :::,!,111, end of p en-g;i:,ed in thc f i.,."16 of
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t1i r;:p.i(! .11 i t er not y

i)(tf.IIiIl P. i s;(_. fer.t. if i( ;inf.] Lechd, ;H-Li

1 c'.. C C (1d inf
Cif.. inn or LI))) -.11c(1 ;frt. n,d H C f ICC Ii C in
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1041) and non-W,D Emplovmoat

The proportions of to-Al scientists and engineers who arc employed

in R&D is of. primar importance as they are assumed to be producing the bulk

of scientific and technical rt: )arch information.

R&D scientists/engineers :is a percent of total S/E's employed peaked

bet W '(164 aed 10,7 at almost 38 percent. Decreasing percentages were tipin

observed thiough 1970. However, those proportiows, as re .cted by NFF, are

bas J OH unatur ,1" scientists and engineers (thus excluding :ocial scientists

at least) and full-time equivalents. In addition, state and lecal government

R&D employment is not included. Whether or not with the addition of social

scientists, R&D employment would fail to show such a decrease remains un-

answered. In order to provide estimates for total R&D employment, howelrer,

these proportions are applied o the Market Facts, Inc. estimate for the

total S/E. labor for., in Table

Th, INjational Science Board's Science IndicaLors 19.'2 (91) (an up-

date of which is expected within the next few months) and NSF's National

Patterns of R&D Resources (102) annual series address most of the trends in

R&D (-Iployment pit cularly, and only hig.hrghts and some potential pro-

jections will be atteITTted here.

Although approimately one-third of all scientists and engineers

are capled in Rfl act 'vities the propc)rtion is higher, just over 59 dercent

in 1972 (97), for doctoral degreo holderH. In ,nhlition there are substantial

difllerences Jmon,.:-; the fields science hilt only mincr differences

among , for Of the )-17,000 natrr scientists and engin ers

employed in R&D in 1973, slightly less 20 pofcent heP doctoraLes.

of all docto:-,11

I. t or and 7i f

The d r Hut i,)n of h' :.t ists engineers by typo ..)1 cii-

1).1, hitn. little .

h,

)2

,lurHg which Industry has

I . .ler.i
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Table 2.26 TOTAL SCIENTISTS AND ENGINEERS AND
R&D SCIENTISTS AND ENGINEERS: 1960-1980

(Thousands)

Year Total R&D
R&D as

Percent of Total*

1960 . . . 1,159 406 35.0

1961 . . . 1,210 431 35.6

1962 . . . 1,272 464 36.5

1963 . . . 1,346 499 37.1

1964 . . . 1,396 524 37.5

1965 . . . 1,442 541 37.5

1966 . . . 1,501 557 37.1

1967 . 1,578 592 37,5

1968 . 1,649 597 36.2

1969 . 1,725 604 35.0

1970 . 1,797 604 33.6

1971 . 1,834 607 33..:.

1972 . 1,871 610 32.6

1973 . 1,923 617 32.1

1974 . 1,973 623 31.6

1975 . 2,026 630 31.1

1976 2,081 637 30.6

1977 2,138 644 30.1

1978 2,195 650 29.6

1979 2,255 656 29.1

1980 . . . 2,314 662 28.6

1960-1970 data from Science :ndicators 1972, 1973 edition, National Science
Board, National Science Foundocitn,

SOURCE: Market Farts, Inc., Center for Quantitative Seincces.

9 (j
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employment ranged from 12 to 16 perk_ilt and academic institutions 10 to 13

percent. State governments employed about 4,900 SIE's in R&D activities

in 1973.

Engirleers maee up more than two-thirds of the S/E labor force in

1960, and a slightly smaller proportion in 1970 and 1975. However, a much

smaller, although growing, proportion of Ph.D's are engineers (8 percent in

1960, and 15 percent in 1970).

Distributions of the numbers of scientists and engineers by disci-

pline are available from NSF for total population of S/E's, for total R&D

employment, for R&D employment by sector, and by basic versus applied re-

search versus development. Not all of the data can be combined in complete

matrices as the definition of scientist may include only "natural" scientists

or may specifically exclude social scientists. In some series psychology

and social science are separated, while in others, they are combined. General

trends, however, in terms of percent changes from year to year, are in agree-

ment.

Other Factors Affecting Science 5 Engineering Labor Force

The size of scientist/engineer labor force, although primarily

determined by the magnitude of the number of academic degrees granted, is

also affected by field switching and immigration/emigration.

NSF estimates (105) indicate that approximately seven percent of net

additions to"doctorate science and engineering labor force consists of immi-

grants, and 12 percent of n-i,w science and engineering doctorate recipients

intend Eo emigrate. What appears to be a net loss of S/E doctorate recipients

is more than accounted for by the fact that one-fifth of these doctorate

recipients are foreign citizens to begin with. In 1960, 8 percent of S/E's

were doctorates, by 1970 the proportion had increased to 10 percent and is

estimated for 1973 at 14 percent. The proportion is expected to continue to

increase.

Field switching both internally within scientific and engineering

fields and in ,Ind out of scientific fields is considerably more difficult to

54
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identify. Available data, for example, the results of the CensuF Bureau

reports on the 1972 Professional, Technical and Scientifie manpower sur-

vey (Technical Paper 33, Table 3.1) (20) indicates that something on the

order of one-third of those in specified science and engineering occupations

in 1970 indicated a professional identification two years later in a different

field of science or engineering. One of the results of this finding, how-

ever, was a redefinition of scientists/engineers by field. The redefini-

tion combined specified filtering criteria by field of education, employ-

ment and self-identification.

The precautions to be noted here are twufold. Degrees granted in

a certain field provide only part of the new labor supply for that field and

not all of the degree holders in a given field will pursue employment in

that field. For most science and engineering fields, the higher the level

of the degree obtained, the more likely that occupation and field of study

will coincide.

In addition, in examining statistics on enrollments, degrees

granted, employment, professional self-identification and so forth, it is

absolutely necessary to be aware that not only do definitions of who is or

is not a scientist/engineer vary according to a multitude of current defi-

nitions (and sources of data), but that the definitions from a given source

vary over time. Part of this variation is, of course, due to the changing

nature of s''ence itself with emerging multi-discipline fields and sub-

specialties.

Salary Levels for Scientists and Engineers

The median salary for scientists and engineers in 1974 is esti-

mated at $19,300 (23). This represents an increase since 1964 of 80 percent.

Over the same decade, salaries for all (male) civilians increased 82 percent,

while salaries for professional and technical workers rose by 91 percent

during the same period.

The salaries of scientists and engineers have increased over the

past 15 years even when stat?d in constant dollars. This phenomenon is
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drobahly due to the supply and demand of mnpower in the scientific labor

market. This may have a slight. bearing on production of scholarly, scientific

and technical articles when such production is related to research and develop-

ment funding. Estimated median salarieb for scientists in eight of the nine

fields of science are given in Table 2.27 below. The table also gives pro-

jections to 1980 based on past rates of increase.

Median salaries of scientists and engineers more than doubled

between 1960 and 1975. More significant, perhaps, is the fact that salaries

have also incteased after the Gross National Product (GNP) deflator has been

applied. This increase is from $10,700 to $13,200 which is about 23 percent

from 1960 to 1975. There does not appear to be a significant difference among

the nine fields of science. The greatest increase was in psychology. The

lowest salaries over the span of time appear to be in the life sciences.

1974, the most recent comprehensive data indicates that the

fields of En.; ering, Physical and Environmental Sciences, Mathematics,

Psychology and Social Sciences all had medians higher than the scientific/

engineering population on a whole. Estimates of individual fields for the

1960's are based upon the National Science Foundation American Science

Manpower series (92, 93, 94, 95, 96). Estimates for Engineering, not included

in the NSF series, are taken from Scientific and Technical Manpower Resources

(110) for the early 1960's. The data is about ten percent higher than BLS

salaries for technical engineers in 1962 and about five percent highe,7 in 1972.

For the years 1972 and 1974, data from the Census biennial surveys is used.

There are obvious problems in combining data from several sources in this way,

especially for individual fields of science. Each source tends to define in-

clusion within the field somewhat differently. In addition, an individual

source frequently combines different specialties into scientific fields in a

way which makes precise comparison over time difficult.

Some trends are apparent, nevertiteless. If anytaing, salary incrca

shown here are on the conservative side. The assumption of conservatism is

indicated by the fact that scientific and engineering salaries appear to have

increased less over the ]:Ist decade or E0 than have sal;,ries for the total

labor force.

9 9
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Table 2.2/ ESTIHATED MEDIAN SALARIES VOR SCIENTISTS AND ENGINEERS,

BY FIELD OF SCIENCE: 1960-19801

(Thousands of Dollars)

To..1

CoestsInc

Sct.:. L

Current
9

-,112.2.....----
AAmnal I

Intre414 to
Curr.rr I

411
Y4th.

Con?.
Sciences

74m
Selene.,

En-
nba..
Sctertrs

19.74

Science, 7rech.

Sec141

1960 . . 10.7 9.4 9.6 9.0 9.0 eat 9.9 IA .1 0.0 9.3

4961 . . . NA 9.7 LO 9.8 95 9.5 9.4 10.1 9.2 9.1 8.3 9.9

5962 11.1 WA 3.1 NA WA 10.0 9.9 10.3 9.6 9.3 9.0 10.4

5963 . . . 11A WA 3.1 NA WA 10.6 10.5 10.1 10.0 9.8 9.6 10.9

1964 . . n.s WA 3.1 NA 11.0 11.1 11.2 11.3 10.4 la., 10.3 11.4

1965 . . . 12.1 11.4 6.8 11.3 UA 11.6 11.8 11.7 10.9 10.9 10.9 11.9

WA DJ CA nn 12.0 12.1 12.6 12.2 11.5 11.5 11.5 12.5

1967 . 12.4 WA 5.1 12.9 12.4 12.6 '3.3 12.9 12.2 12.0 12.3 12.9

1966 . . . 12.9 u, 5.1 DA DJ 13.2 14.1 13.6 12.9 12.6 13.2 13.3

1969 . . . 0.1 14.3 6.3 14.4 WA 13.9 15.2 14.3 13.9 13.5 14.1 13.9

1970 NA WA 3.9 WA WA 14.6 16.3 1.5.5 14.9 14.5 15.0 14.5

1971 . DA WA LO WA UA 15.3 16.4 15.9 16.0 14.6 16.0 13.6

1972 . . . DA WA 4.7 WA 16.1 16.1 16.2 16.4 17.3 14.7 17.0 16.3

1973 . . DA 17.9 7.9 18.1 17.5 17.8 17.3 17.9 18.6 16.2 18.2 18.1

1974 13.3 19.3 7.8 WA 19.1 19.8 18.4 19.3 20.1 17.8 19.4 20.2

770JEC720,,

1975 1.3.2 20.8 8.0 21.0 20.4 21.4 19.9 21.1 21.7 19.2 11.0 11.9

1976 . . . 1.3.3 22.4 7.5 23.5 22.2 23.0 21.4 22.6 23.3 20.7 32.3 23.3

1977 . . . 13.3 34.0 7.0 26.1 23.7 24.6 22.1 24.2 23.0 22.1 24.1 13.1

1978 . . . 13.3 23.5 6.5 25.7 25.3 26.2 24.3 23.8 26.6 23.5 25.7 26.7

1979 . . . 13.2 27.1 6.0 27.2 26.8 27.8 25.1 27.3 26.2 23.0 27.2 21.3

1980 . . . 13.1 28.6 5.5 28.7 28.3 29.3 27.2 28.9 29.7 26.3 29.7 29.9

lIZACZNT CHAX.E

1950-65 . 13 21 18 28 34 18 22 26 36 1329

1965-70 1 32 35 30 26 40 32 37 33 311 22

1970-75 . 1 38 39 37 47 n 34 46 32 40 50

1973.80 . -1 38 37 37 37 37 37 37 37 37 37

1964-74 . 16 82 as 74 78 64 73 93 73 68 77

1

969. c9plem 41n,r4ble 7,1,41 tnr..n r. ir rr,017 7r.74rr9oael :4 S62 4:4rtem cuet che n:trr prtad !Mr:. tm '60. 22.02 to '68, 23.01 tn '71).

1Z3 9559tA66 0( 76, t.:1:. CP: t, t. At the 721 :Az.. 04! ImlAttrs wculd De 919.8 la 1930. acg et 231. 926.3.

2041,1 00"? t=plItta itt:. 4Pflerar (1975-6) :,A) to o0t4lo 1902 :owitAnt

802.900: !...4t4sc Teets. Inc.. .:tot.. for :I, ,orttmetve Sctlincer. 441 47om NS? publtrhed Imta (0mrept for prol.ttona).

1
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Projections through 1980 are likely to be Oven more conservative.

Fl; the initial projection year, 1975, a rate of increase of 8 percent is used,

a: other indicators of CPI and GNP appear to be of chat magnitude. Discussion

of anticipated economic activity and employment for the remainder of the

current decade point fairly consistently to a slight tapering off of current

levels of growth by the end of the decade. For this reason 6ecreasing annua,

rates of increase are used to arrive at projected salaries for 1980. All

flelds of science are projected at the same rates, as patterns since 1962

do not indicate aay consistent relationships or differences in rates of in-

crease for different fields.

Rates of increase may be expected to differ over the last half of

...he decade, depending upon national direction and emphasis on such things as

energy and environmental policy.

Median salary levels for Federally employed scientists and engi-

neers are somewhat higher and those for educational institutions somewhat

lower. Ph.D. salaries were about 6 percent higher in 1973. Salaries for

Ph.D. scientists and engineers and/or for those employed by academic in-

stitutions may be of more interest in terms of the costs of generating infor-

mation as these groups have a higher publishing rate than the overall group.

2.2 Financial Resources: Research and Development

NSF's own publications provide some of the best sources for trend

data in terms of financial resotrces input to the generation of scientific

and technical information. These are primarily R&D expenditures, since

...the increase in the bulk of publication correlates more nearly with

research and development expenditures than with manpower figures" 69).

Funds for R&D constitute two to three percent of GNP. The peak

of three percent was reached in 1964. Since then the percentage slowly but

steadily declined to 2.3 percent in 1974. These data are provided for

reference at the end of this section in Table 2.47 (see page 91 ).

Data on research and development funding in this section are in terms

of actual current dollar funds and constant 1967-dollar funds. The GNP

1 0 1.
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Implicit prico d(q-lat(Q* I (10d d!: rOr COWptain constiint 1967

dollars. Tables 2.28 and 2.29 give fn,ld (in cnirent and constant dollars

respectively) used for W.0 and dl:Arihnted to basic research, applied re-

:waych and develepolent. Projections through 1980 are also shown, as are rates

of increase for five-year periods and for the most recent decade of data

excluL,ive of tbc projected amounts. Both sets of data are plotted in Figure

2.7. The projections for 1976 threnih 19f:0 for total funds are based upon

a time series anatysis of the rates of increase for current dollars from

1960 through 1975. A second ordec polynomial model was used with one value

of x. The result is shown in Figure 1.6 helow (r=.5). Amounts for Basic

and Applied Research and Development were then projected as constant per-

centages of the total, using the average over 1971-75. Thus the projections

assume that the distribution will remain constant.

Figure 2.6: ANNUAL RATE OF INCREASE IN
TOTAL R&D FUNDS: 1961-1980

Y 9. 16 36 - . 75387x
1

4- .037012x
2

- -1. - - - I . . _ _ . - t -- 4 4--

19 'I 6e! 63 64 (5 61, 67 68 :,") 70 71 72 73 74 75 76 77 78 79 80
Yoa r

SOURC.E: rkvt Fact4. l»r., C.,u r Or 0..lantitl!kte Sciencr.,1

I ')
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Table 2.28 FUNDS USED FOR III:sr:Axil AND DUI:LOP:11:NT:

1960-1980

(Millions of Dollars)

Year

Total
R&D

Basic
Research

Applied
Rerearch Deve1opvcnt

-_-___E
.
. 5 % 5

1960 . . 13,551 1,183 8.7 3,057 22.6 9,311 68.7

1961 . . 14,346 1,378 9.7 3,115 21.7 9,03 68.7

1962 15,426 1,695 11.0 3,727 24.2 10,004 64.9

1963 17,093 1,974 11.5 3,825 22.4 11,294 66.1

1964 18,894 2,301 12.2 4,238 22.4 12,355 65.4

1965 20,091 2,572 12.8 4,470 22.2 13,049 64.9

1966 21,894 2,825 12.9 4,747 21.7 14,322 65.4

1967 23,205 3,029 13.1 4,968 21.4 15,208 65.5

1968 24,669 3,286 13.3 5,356 21.7 16,027 65.0

1969 . . 25,686 3,378 13.2 5,533 21.5 16,775 65.3

1970 . . 26,047 3,548 13.6 5,892 22.6 16,607 63.8

1971 . . 26,745 3,544 13.3 6,047 22.6 17,154 64.1

1972 . . 28,402 3,705 13.0 6,272 22.1 18,425 64.9

1973 . . 30,427 3,800 12.5 6,839 22.5 19,788 65.0

1974e 32,045 3,991 12.5 7,460 23.3 20,594 b4.3

1975e . 34,345 4,035 11.9 7,950 23.3 22,270 64.8

PROJECTIONS*

1976 . . . 36,469 4,595 12.6 8,315 22.8 23,559 64.6

1977 . . . 18,867 4,897 12.6 8,862 22.8 25,108 64.6

1978 . 41,605 5,242 12.6 9,46 22.8 26,877 64.6

1979 . 44,761 5,640 12.6 10,206 22.8 28,916 64.6

1980 . 48,432 6,102 12.8 11,042 22.8 31,287 64.6

?ERCE.:;-: CFANGF

1960-65 48 117 46 40

1965-70 30 38 32 27

1970-75 32 15 J4

1975-80 41 49 3, 40

196,-75 71 59 79 71

NSF estimate.

Market Facts, Inc., Center for Quantitative Sciences.

Note: Total amount.- in projections ite based upon a static distribution annng

the three eategor:es. These tota:s arc not the ;ane as those shovn cn other

tables due to different ass%mptiJns.

SOURCE: NAc1Gnol FoundAtion, F3ttnr7 of iE,D Rerources.
1953-1975 (NS.,' 75-7,07).

.103
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Table 2.29 FUNDS FOR ki:SEAINCH AND DEVU.OP'" F: 1960-1980

*
(Miiiions of Constant 1967 Dollars)

Year
Total
R&D

Basic Applied
PesoAcch Researcll Development

1960 . 15,427 1,347 3,480 10,600

1961 16,125 1,549 3,501 11,075

1962 17,148 1,884 4,143 11,120

1963 18,755 2,166 4,197 12.392

1964 20.411 2,486 4,570 13,347

1965 21,310 2,728 4,741 13,841

1966 22,594 2,915 4,899 14,780

1967 23.205 3,029 4,968 15,208

1968 23,718 3,159 5,150 15.409

1969 23,561 3,099 5.075 15,387

1970 22,648 3,085 5,123 14,446

1971 22,249 2,948 5,030 14,270

1972 22,857 2,982 5,047 14,828

1973 23,186 2,896 5,211 15,079

1974 22,152 2,759 5,157 14,236

PROJECTIONS

1975 21.725 2,584 5,054 14,087

1976 21,615 2,723 4,928 13,963

1977 21,578 2,719 4,920 13,940

1978 21,610 2,723 4,927 13,960

1979 21,850 2,753 4,982 14,115

1980 22,221 2,800 5,066 14,354

PERCENT CHANGE

1960-65 38 103 36 31

1965-70 6 13 8 4

1970-75 -4 -16 -1 -2

1975-80 2 8 2

1965-75 2 -5 7 2

Using GNP irplicit price deflatcr (1975-19lA

SOURCE: Xarket Fact4, Inc., Center for QePmtitativo Sciences. Based on Tabll 2.28.
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Clearly the greatest increase in funding from 1965 to 1975 Was

in applied research. However, since 1970 all three areas have decrel:ed in

constant dollar funding, although these decre:)ses are not projected to con-

tinue. The constant dollar total researtTh and development funding level per

R&D sctentist/engineer has gone from $38,000 in 1960 down to $34,500 in 1975.

Thus, funds available for scientists and engineers have decreased fairly dra-

matically. We feel that this facLor may have had .-ime impact on the number

of arti-A.es produced per s:lentist and evidence would support this supposi-

tion. The problem is aggravated even more because .rilarles of scientists

have increased frster than the GNP implicit price deflator. For example,

median constant dollar salaries have risen from $10,700 in 1960 to /ibout

$13,200 In 1975.

2.2.1 Sources of Funds aad Users of Funds

The rHtionship of sectoral source to use of funds illustrates

the importance of the Federal government as the prime providel of research

and development funds. Prior to 1969, Federal funds accounted for over 60

,ercent of R&D funding. By 1975 this proportion had decreased to 53 percent.

The data for R&D funding by sectoral use and source is shown in

Table 2.30 in current dollars, in Table 2.31 in constant 1967 dollars and in

Table 2.32, where ,:he amounts provided and used are shown as percentages of

total dollar funds. In order to provide projections for 1976 through 1980,

we assumed that the changing distributions among.sectors (for both source

and use) would continue in the direction taken since 1966. The difference

between the mean percent (from Table 2.32) for the two periods 1966-70 and

1971-75 was used as the projected inc..ease for 1975-80. The projected per-

centage distributions were then applied to total R&D funds as previously

projected by time analysis. The patterns of funding by sectors are not at

all consistent and, therefore, must be considered independently if rossible.

Use patterns from 1960 to 1975 have also varied substantially by the different

sectors. For example, funds used (constant dollar) by industry have in-

crPased less than one half of one percent over the decade 1965-1975 compared

to funds used by universities and colleges which increased 14 percent although

use in all sectors has decreased in the years 7'-)70 to 19/5.

1
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'rah 1 . ;-;0111',CI.: l' I 't y: 1..;11) I r,(11 AN I)

vi; : :1 ; , T: 1 (.(.1)-1'.0,(1

(MA I ion!, of" 1)0 !

loot ly701

_

.,(

to..tt4 'oo

1961 . . 11,311 8,751 1,726 4,5 1

1941 . . 14,346 1,244 1.4'4 4,749

1142 . . 13,424 1,126 2,071 5,114

1133 , 17,015 11,211 2,2'1 5,449

1144 . 14,994 12.511 3.0)1 5,960

1965 . . 20,091 11.011 1.091 6,511

1164 . 21,994 11,110 2.220 2.112

1967 . . . 25,105 14.420 2.196 1,114

1948 24,641 14,912 3,413 84997

1969 21.684 14,916 1,501 9,191

1970 . 26.047 14,264 1.655 10,4)4

1921 26,745 14.947 4,116 10,917

1972 . 26,402 10,675 4..82 11,505

1175 . . . 30,417 16,47: 4.611 12,441

19749 12.,45 14.95$ 4,9:4 11,916

11/11 , 34,145 11,161 5.210 14.9,1

19/6 56.460 :9.555 3.514 10,2414

114/ 14,447 19,611 6.040 12,215

1976 . . 41,61, 20,1)7 6.649 19,190

19/1 . . 44.14/ 21.166 7025 21.129

1940 . . 414.41: 71,764 7.117 71,096

1960-65 40 49 29 41

116S-72 30 1) 25 40

19'0-75 21 )5 45

1125-10 2$ 50 SA

1661-:1 54 63 121

PSY 00[1.1.4te.

06-t., 7,,.. '1,1t,t-tIve SrIenc00.

Mote, kr,:mte for p,:e,tic,11 r..,:t fro, op;!:-trfo, of :oo:,

17.4.1.0)17 0.;

1, 1,4,r/

(1 7

64

05

:7

,2

.1

1 r"11-
14130t

Of .10(

141 1.'60 361 646 142 310

1;1 1.122 410 743 166 301

1'. 1,274 420 10. 201 490

21.7 1,611 530 1,041 2111 37)

215 1.104 621 1,275 234 62.0

262 2,101 621 1,4;4 252 710

101 20,5 610 1.715 204 791

141 2,514 67) 1.421 504 600

7'1 2.064 719 2,141 529 971

02) 4,945 223 2.270 256 930

441 2,072 727 2.355 1711 1.055

5,216 716 1.500 41/ 1,757

114 1,419 264 2:170 443 3,110

474 3.751 817 2.934 01 1.1:)

9!) 3,973 165 3.004 493 1,253

210 4.010 910 3.100 370 1,775

0' 4,3i" 151 2,354 561 1,:44

:11 4,644 1,002 1,643 616 1.465

91' 5.019 1 018 1.910 625 1.519

7,144 3.00 1.1/7 4,243 702 1,212

1.272 5,914 1.196 4.280 821 1,946

29 019 73 120 17 129

71 46 12 58 14 48

'4 31 25 )5 3A 21

72 49 54 S6 46

111 45 110 104 60

: 1 t-.;,4140
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Table 2.31 SOURCE 0' T7UNDS AND FUNDS USED FOR RESEARCH AND
DL ,OP:IENT, BY SECTOR: 1960-1980

(4illions of Constant 1967 Dollars)*

Tose Total

288..1
Crovvrosera

Source

In1142117

Uaie Source

Cnivereiciee 4,1.1 Conerts
Total .1081.0

Use

other

Other loonnFari

J lotitunon

Source UeSource
'

1960 . . . 15.427 9,964 1.965 5.132 11,964 170 1,145 410 735 162 353

16.125 10.412 2.106 5.338 12.260 185 1,318 4:.1 158 189 479-

1142 . 17./48 11,034 2.332 5.685 12,743 204 1,527 512 1.005 223 545

1963 . . . 18.755 17.310 2.501 5.979 13.858 227 1,768 582 1,186 239 629

1964 . . . 20.410 13.541 3.066 6,352 14.597 254 2.052 679 1.377 244 691

1945 . . . 21.310 13,024 3.281 6,936 15.046 783 2.231 667 1,563 267 253

1966 . . 22094 14,430 3.323 7,551 16,045 313 2,420 650 1,770 293 806

1967 . 13.205 14.420 3.396 8.134 16,395 345 2,594 673 1,921 304 830

1968 . 23.718 14.376 3.358 8,650 16,757 376 2,757 691 2,066 316 645

1967 . 23,561 13.600 3,213 9,171 16,793 385 2,701 665 2,036 325 653

1670 . . . 22,648 12,837 3.352 9,072 15.703 401 2,671 641 2,030 337 920

22.249 12,463 3.457 8.990 15,233 440 2,675 596 2,030 367 663

1972 . . . 22.057 12.726 3,607 9,261 15.559 464 2,760 615 2.153 357 693

1973 . . 23.186 12,152 3.520 9,815 15,954 460 fose 623 2,236 359 653

1974 . . . 22.152 11.721 3.387 9,620 15.226 472 2.677 590 2,079 339 665

1975 . . . 21.725 11,487 3.2°9 9.447 15,093 462 2,537 574 1,961 329 607

780300117

1976 . . . 21,615 11,175 3,316 9,625 14,938 479 2.553 364 1.988 335 808

1977 . . . 21,578 10.903 3.353 9.035 14,834 498 2.578 556 2,322 342 813

1920 . . . 21.610 10.664 3,453 10,076 14.776 519 2,612 549 2.062 351 820

1979 . . . 21,050 10.526 3,403 10,416 14,861 545 2.670 548 2,122 362 836

1900 . . . 22,221 10,444 3,586 10,826 15.033 574 2,745 549 2,197 376 856

COMO'S

1960-65 38
I

39 67 75

1UC!01

26 67 15 63 113 65 113

1965-70 6
'

-7 31 4 42 20 ..4 30 26 22

1970-75 - -11 -2 4 -4 13 -$ 40 -3 -2 -12

1675-80 2 -9 15 24 a -5 II 14

1945-75 2 -17 0 36 0 63 16 -14 25 23 7

*Using Cur te,,Itctt price deflator (1975-1360 SPA).

=KM Market Fact., Int., Center for Quantitative Selene.. Used co Table 2.30.
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"Yea

196

196

196

196

196

196

196

196

196

196

197

197

197

197

197

197

Table 2.32 SOURCE OF TUNDS AND FUNDS USED FOR RESEARCH
AND DEVELOPMENT: 1960-1980

(Percent Distribution)

r

Total
Dollars

(45.1116n.)

Federal
Government I:tdustrv Universities and Colle9.en

Other NoAprufit
Institutions

Source Use S.-)urce Use

Total FFRDC Othe.

Source Use Use Use Source Use

0 . . . 13,551 64.6 12.7 33.3 77.6 1.1 7.4 2.7 4.8 1.0 2.3

1 . . . 14,346 64.6 13.1 33.1 76.0 1.2 .8.2 2.9 5.3 1.2 2.7

2 . . . 15,42C 64.3 13.6 33.2 74.3 1.2 8.9 3.0 5.9 1.3 3.2

3 . . . 17,093 65.6 13.3 31.9 73.9 1.2 9.4 3.1 6.3 1.3 3.4

4 . . . 18,694 66.4 15.0 31.1 71.5 1.2 10.1 3.3 6.7 1.2 3.4

5 . . . 20,091 64.9 15.4 32.5 70.6 1.3 10.5 3.1 7.3 1.3 3.5

6 . . . 21,894 63.9 14.7 33.4 71.0 1.4 10.7 2.9 7.8 1.3 3.6

7 . . . 23,205 62.1 14.6 35.1 70.6 1.5 11.2 2.9 8.3 1.3 3.6

8 . . . 24,669 60.6 14.2 36.5 70.7 1.6 11.6 2.9 8.7 1.3 3.6

9 . . . 25,686 58.1 13.6 38.9 71.3 1.6 11.5 2.8 8.6 1.4 3.6

0 . . . 26,047 56.7 14.8 40.1 69.3 1.8 11.8 2.8 9.0 1.5 4.1

1 . . . 26,745 56.0 15.5 40.4 68.5 2.0 12.0 2.7 9.3 1.6 4.0

2 . . . 28,402 55.9 15.8 40.5 68.2 2.0 12.1 2.7 9.4 1.6 3.9

3 . . . 30,427 54.1 15.2 42.3 68.8 2.0 12.3 2.7 9.6 1.5 3.7

4 . . . 32,045 52.9 15.3 43.4 68.7 2.1 12.1 2.7 9.4 1.5 3.9

5 . . . 34,345 52.9 15.1 43.5 69.5 2.1 11.7 2.6 9.0 1.5 3.7

PROJECTIONS

1976 . . 36,469 51.7 15.3 44.5 69.1 2.2 11.8 2.6 9.2 1.6 3.7

1977 . . . 38,867 50.5 15.5 45.6 68.7 2.3 11.9 2.6 9.4 1.6 3.8

1978 . . . 41,605 49.4 15.7 46.6 68.4 2.4 12.1 2.5 9.5 1.6 3.8

1979 . . . 44,761 48.2 15.9 47.7 68.0 2.5 12.2 2.5 9.7 1.7 3.8

1980 48,432 47.0 16.1 48.7 67.7 2.6. 12.4 2.5 9.9 1.7 3.9

SOURCE: Market Ftcts, Inc., r.,ater for Qnantitacive Sciences. Based on Table 2.30.

1 0 9
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Sources for R&D funds and funds used are further subdivided by

type of research and by development in Tables 2.33 through 2,38. Projection

methods were the same as those described for the preceeding set of tables,

That is, the percent di'':ributions were projected and the results applied to

total R&D funds.

In terms of sources of funds, increasing'proportions were allocated

to basic research through 19-0 by tir_ Federal government and by universities

and colleges. Thes,1 increases were ,.,nerally at the expense of funds for de-

velopment. Industry and non-profit institutions other than universities and

colleges showed opposite trends, with development funding tending to increase.

There is a clear predominance of funding for development by the Federal

government and by industry, while non-profit groups including educational

institutions provide the largest proportion of their funds for basic research.

Tables 2.36 through 2.38 show the dollar amounts (current and

constant) and distribution of funds used by sector for performance of research

and development. Basic research activities clearly predominate only for

universities and colleges, where they'accounted for 53 percent in 1960 and

peaked at 68 percent in 1971. Since then less emphasis appears to be placed

on basic research and more emphasis on applied research, and this trend is

projected to continue.

As might be expected industrial performance of R&D is heavily de-

velopment oriented, with generally increasing proportions being applIed to

development primarily at the expense of basic research. The Federal govern-

ment as a performer allocated an increasing proportion of the funds used to

basic research between 1960 and 1970, although the proportion was not large,

17 percent in 1970. Projections to 1980 indicate that the decreasing propor-

tion allocated to basic research since 1970 will account for only 11 percent

by 1980, while both applied research and developMent will gain during the

same period.

2.2.2 R&D Funding_ by Field of Science

The only consistent funding information by field of science is the

Federai obligations for rt.-search and development. The data for R&D expenditures

67 1.10
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4,1

Table 2.33 SOLRCFS OF FUNDS FOR EASIC RESEARCH, APPLIED RESEARCH
AND DEVELOPnNT1, BY SECTOR: 1960-1980

9E1 .

9E2 .

963 .

964 .

965 .

966 .

667 .

968 .

969 .

970 .

971 . .

372 . .

373 . . .

774e

i75t .

. , .

50-65 . .

70-75 . .

75-E0 . .

65-75 . .

SF esti...re.

(Millions of Dollars)

,t
,,1

F Industry
J,IC Ar2'd 2tvel

695 1,725 6,334 331 1,228 2,949

641 1,A0.4 6,619 350 1,197 3,202

1,011 2,127 6,708 382 1,473 3 -.59

1,310 2,205 7,20,4 414 1,487 3,543

1,595 2,503 8,455 424 1,596 3,860

1,617 2,653 8,563 448 1,,6 8 4,433

1,935 2,717 9,275 496 1,844 4,977

2,173 2,874 9,573 477 1,895 5,762

2.327 3,020 9,606 518 2,132 6,347

2.386 2,9E2 9,546 319 2,327 7,152

2,449 3,258 9,037 536 2,406 7,492

2,379 3,313 9,290 556 2,476 7.785

2:528 3,287 9,960 528 2,601 9,379

2,605 3,670 10,197 561 2,935 9,424

2.724 3,992 10,239 594 3,080 10,242

2,765 4,295 11,100 625 3,265 11,045

273JECT:0"6.

2,Sql 4.544 11.9)0 639 3,504 12,097

3,011 4,321 11,606 653 3,772 13,290

3,158 5,133 12,241 667 4,075 14,657

3,326 5,498 12,745 6E1 4,422 16,237

3,525 5,896 13,343 694 4,822 18,090

?Z.-RU.1NT CRA.SCB

162 54 35 35 35 50

36 23 6 20 45 63

12 32 23 17 36 47

27 37 20 11 48 64

52 62 30 40 97 149

Jriet iacti, Inc., Center for Qoantltacive Sciences.

re: Mena projocted mmouate re.oat Iron epplicaricm of projection distribution. s,0611
Research and Dcve.L?(...nr_ do not add co projected ambunca shown on ocher tabl,ts.

Urtiversltles and
Colleoes

Other Nonp,cf:r.

Icstit,:!bna
. 8atItt Anp'd Devol Inclt A:o'd I.r,e1

72 66 11 87 38 17

85 69 11 102 45 24

102 70 13 110 57 24

121 72 14 129 61 28

144 77 14 138 62 25

164 88 15 143 71 38

196 89 18 147 85 52

223 102 20 136 97 53

276 97 17 165 107 57

298 105 17 175 119 60

350 98 13 193 130 65

400 115 14 209 143 65

428 132 16 221 152 70

415 138 30 218 176 77

434 214 35 239 174 78

445 245 40 250 165 85

492 273 44 270 205 91

544 305 48 292 227 97

605 542 52 317 253 105

674 384 58 346 283 113

754 454 64 379 317 123

128 33 36 64 87 124

113 11 -13 35 83 71

27 250 208 30 42 31

69 77 60 32 71 45

171 178 167 75 161 124

on Table 2.35. Total arounts for Basic and A.,plicd

:e Table 2.30 for totals for K40 by sector.

Natio:41 :clence Foun,!4Lion, KationAl_Pitterns ol_RSD Sesourc11953-19!! (NSF 75-307).

68
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Table 2.34 suRcrs or 'Ir:OS FOR BASIC RT.SnPCii, APPLIED
RESEARC! tND DrVELOP;TNI, BY SECIOR

(Millions of Constant 1967 Dollars)'`

'fear Feiera, :nd.2s:ty7

lOnlversities ar,d Other
Colleges Tr.:riturlx.s

Nonprofit

Basic i,rH r'evel Ane'd 23c.c

1960 . 78', 1,964 7,211 377 1,398 3,357 82 75 13 99 43 19

1961 945 2,028 7,440 393 1,345 3,599 96 78 12 115 51 26

1362 . 1,213 2,354 7,457 425 1,637 3,623 113 78 14 133 63 27

1963 1,437 2,419 8,453 454 1,632 3,893 133 79 15 142 67 31

1964 . 1,723 2,704 9,134 458 1,724 4,170 156 83 15 149 67 28

1965 1,927 2,814 9,083 475 1,759 4,702 174 93 16 152 75 40

1966 2,050 2,816 9,572 512 1,903 5,136 202 92 19 152 88 54

1967 2,173 2,874 9,373 477 1,895 5,762 723 102 20 156 97 53

1968 2,237 2,904 9,236 498 2,050 6,102 265 93 16 159 103 55

1969 . 2,189 2,735 8,756 476 2,134 6,560 2..3 96 16 161 109 55

1970 . 2,147 2,833 7,858 466 2,092 6,514 304 85 11 168 213 57

1971 . 1,979 2,756 7,728 463 2,060 6,476 333 96 12 174 119 54

1972 . 2,034 2,726 8,015 425 2,093 6,743 344 106 13 37. 122 56

1973 . 1,985 2,797 7,770 427 2,160 7,227 317 120 23 166 134 59

1974 . 1,883 2,760 7,078 411 2,129 7,030 300 148 24 165 120 54

1975 . . 1,749 2,717 7,021 395 2,065 6,987 281 155 25 158 117 54

PROJECTIONS

1976 . . 1,708 2,693 6,775 379 2,077 7,170 292 162 26 160 122 54

1977 . . 1,672 2,677 6,555 363 2,094 7,378 302 169 27 162 126 54

1978 . . 1,640 2,666 6,358 346 2,117 7,613 314 178 27 165 .131 55

1979 . . . 1,625 2,679 6,221 332 2,159 7,926 329 187 28 169 138 55

1980 . . . 1,617 2,705 6,122 318 2,212 8,295 346 199 29 174 145 56

CHANCEYERma

1960-65 144 43 26 26 26 40 112 24 54 74 111

1965-70 11 43 13 -2 19 39 75 -9 -j: 11 51 43

1970-75 -19 -4 -11 -15 -1 7 -8 82 127 -6 4 -5

1975-80 -8 -13 -19 7 19 23 28 16 10 24 4

1965-75 -9 -3 -23 -17 17 49 62 67. .56 4 56 35

U*Ing CH? implicit price deflator (1975-1930 NFA).

SOURCE: Market Facts, Inc., Center for Quantitative Sciences. Based on Table 2.33

1 1 '2
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Table 2.35 SOURCES OF FUNDS FOR BASIC RESEARCH, APPLIED RESEARCH

AND DEVELOPMENT, BY SECTOR: 1960-1980

(Percent Distribution)

Yenr

Federal

(100

Basic

Industry

(100)

App'd Devel Basic

Universities end

Colleges

(100)

App'd Devel Basic

Other Nonprofit

Institutions

(100

Appld levelBasic Au'd Devel

1960 . . . 7.9 19.7 72.4 7.3 27,2 65.4 48.3 44.3 7.4 61.3 26.8 12.0

1961. . . 9.1 19.5 71.4 7.4 25.2 67.4 51.5 41.8 6.7 60.7 26.8 12.5

1962, . . 11.0 21.4 67.6 7.5 28.8 63.7 55.1 37.8 7.0 59.7 28.4 11.9

1963. . . 11.7 19.7 68.7 7.6 27.3 65,1 56.5 34.8 6.8 59.2 28.0 12.8

1964 . . . 12.7 19.9 67.4 7.2 27.1 65.6 61.3 32.8 6.0 61.1 27.4 11.5

196!.. . . . 13.9 20.4 65.7 6.8 25,4 67.8 61.4 33.0 5.6 56.7 23.2 15.1

1966. . , 14.2 19.5 66.3 6.8 25.2 68.0 64,1 29.4 5.9 51.0 29.9 18.)

1957 . . . 15.1 19.9 65.0 5.9 21.3 70.8 64.6 29.6 5.8 51.0 31.7 17.3

1958 . . . 15.6 20.2 64.2 5.8 23.7 70.5 70.6 24.8 4,3 50.2 32.5 17.3

1959 . . . 16.0 20.0 64.0 5.2 23.3 71.5 71.0 25.0 4.0 49.4 33.6 16,9

1910 . . . 16.7 22.1 61.2 5.1 23.1 71.6 75.9 21.3 2.8 49.7 33.5 16.8

1971 . . . 15.9 22.1 62.0 5.1 22.9 MO 75.6 21.7 2.6 50.1 34.3 15.6

1912. . . 15.9 21,3 62.7 4.6 22.6 72.8 74:3 22.9 2.8 49.9 34.3 15.8

1973. . . 15.8 22.3 61.9 4.4 22.0 73.6 68.9 26,2 5.0 46.3 37.4 16.3

1974. . . 16.1 23.5 60.4 4.3 22.1 73.6 63.5 31.3 5.1 48.7 35.4 15.9

1975 . . . 15.2 23.7 (1.1 4.2 21.9 74.0 61.0 33.6 5.5 48.1 35.6 16.3

PROJECTIONS

1976 . 15.3 24.1 60.6 3.9 27.6 74.5 60.8 33.8 5.4 47.7 36.3 16.1

1977 . 15.) 24.6 60.1 3.7 21.3 75.0 60.7 34.0 5.3 47.4 36.8 15.8

1978 . . 15.4 25.0 59.6 3.4 21.0 75.6 60.5 34.2 5.2 47.0 37.5 15.5

1979 . . 15.4 25.5 59.1 3,2 20.7 76,1 60,4 34.4 5.2 46.6 38.1 15.3

1980 . 15.5 25.9 58.6 2.9 20.4 76.6 60.3 34.7 5.1 46.3 38.7 15.0

1 1 3 SOURCE: Mirka Puts, Inc., Center foc Ilinntitative Sciences, Brined ot Table 2.33.
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Table 2.36 FUT.DS USED FOR B.-TC RESEARCH, AHMED RESEARCH
AND DEVELOPT1, BY SECTOR: 1960-1980

(Millions of Dollars)

Tear
taric Ayp'd revel

1ntorTai.
!; :

,h 1 eve

'

roq cc

6 Univrtritias

FFEDC2 Other
AIT'e

.
!

i Other
,n,titutimh,

lwv, r,,ic

1:arjtofit

1960 . 160 595 971 376 2,029 8,109 530 301 17 97 122 141 433 179 34 117 132 61

1961 206 634 1,034 395 1,971 651 327 5 115 135 160 536 192 35 126 177 88

1962 . 251 702 1,145 488 2,449 8,: 795 3(' 219 136 155 179 659 205 40 161 216 113

1963 . 299 730 1,25C 522 2,457 9 1 97, 241 159 170 201 814 227 40 180 241 152

1964 . 364 928 1.546 549 2,600 10,36d 1.194 434 276 191 202 236 1,003 232 40 194 276 170

130 . L. i,30 1.639 592 2,658 10,935 1.348 453 274 208 204 217 1,138 279 5/ 210 299 201

:91.6 , 445 1,047 1,728 624 2,843 12,081 1,539 535 280 227 207 196 1,303 328 84 226 322 233

196, . 472 1,10/ 1,822 629 2.915 12,841 1,707 593 294 250 219 204 1.457 374 90 221 353 251

19GE . 502 1,204 1,787 642 3,124 13,663 1,925 635 308 276 231 212 1,649 404 96 21' 393 269

1969 . 565 1.201 1,737 618 3,287 14,403 1,982 616 342 275 210 240 1,707 406 107 211 429 298

/no. 646 1.378 1,831 629 3,399 14,034 2.065 643 364 269 216 252 1,796 427 112 208 472 178

1971 . 535 1,477 2,144 610 3.384 14,317 2,174 684 358 260 210 246 1,914 474 112 '25 >02 335

1972 . 607- 1,481 2,394 579 3,473 15,319 2,274 766 399 250 226 288- 2,024 540 111 245 552 313

1973 585 1,613 2,421 605 3,759 16,573 2,355 931 465 297 226 294 2.058 705 171 255 536 329

1974c . 635 1.834 2,431 640 4,025 17,355 2,442 1,995 426 291 271 303 2,151 734 1: 274 596 382

1975e . 655 1,955 2,590 660 6,370 18,830 2.499 1.'760 460 . 305 280 325 2,185 780 135 280 603 390

PnOJECTION54

1976 . . 682 2,123 2,789 662 4.618 19,923 2,656 1.155 494 ' 314 291 348 2,340 869 145 293 658 413

1977 . . . 712 2.315 3,014 664 4,898 21,157 2,843 1.248 513
|

325 303 374 2,515 971 156 307 719 440

1978 . . . 756 2,572 3,321 667 5,220 22.564 3.055 1.395 577 38 317 404 2.713 1,088 169 322 787 469

1979 . . . 782 2,786 3.566 672 5,586 24,188 3,299 1,542 628 352 332 438 2.940 1,224 184 341 967 504

1980 . . . 825 3,081 3,911 677 6.014 26,074 3,583 1.713 688 ' 369 351 476 3,203 1.384 201 362 960 544

?CP.CE1CT .C1LV:CE

1960-65 165 73 69 57 31 35 154 114 67 54 163 56 68 79 127 23060 57

1965-70 52 34 12 6 28 28 53 33 33 29 6 16 58 59 96 -1 58 88

19/0-75 1 42 41 5 29 34 kl 65 26 13 30 29 22 83 21 35 28 3

1975-80 26 58 51 3 38 38 44 62 50 21 25 46 47 77 49 29 59 39

1965-75 54 90 58 11 64 72 85 119 68 47 37 50 92 180 137 33 102 94

NSF estimate.

dEarkst Facto, !Lc., Center for quont.itative Sciences.

Note: These pg.:le/Led amounts tenon from application of projection cf ditrILulluns sWL:11 on Table 2.7R. Total amounts for Cacic and'Applied Rescorch

mad Development do not sdd to projected ..mounto ahoun on other tab1,9.

1
Sea Table 2.30 for totals tur 860 by sector.

2
:Acrally Ffseart.4 0,yelopment Centeru administered by inliv:doal unlvJraltIrs mol collo:sea. Expenfltugcs administered by Industry and other

nonprofit inctitutimhc orc in.luded in the tutal of their respectiv, sc.tors.

SOURCE: NatIollml 8,1ence F,urOatlon, NItla) Pl,ttfrtli pf,RRO_Rourr.1.1, 195.-1975 (NSF 75-307/.

1 1 :5
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Table 2.37 FUNDS USED FOR BASIC RESEARCH, APPLIED RE:JEARCH
AND DEVE1.OP:11.scl, BY SECIOR: 1960-1980

(Millions of Const,r1nt 1967 Dollars)

Year Yedern1
Spp'd Devel ?n,fr

Todn.trY
Nve1

Total
eo6 Cn!etrrition

Fr871C .--
?eve:

Nonprofit
1 7:41^1, !_

app'd Povel

4,1%,,,/tt....;

..3,1C

,3tlor
.2...--.

Dror

Other

-1'121
J C.41rPdsic !,,..;.c h-n d

1960 . . . 182 677 1,105 428 2,310 9,226 603 343 159 110 139 161 493

.kti,,_li

:04 39 133 150 69

1961 . . 23' 713 1,162 444 2,222 9,594 732 368 219 129 152 180 602 216 39 142 199 99

1962 . . 279 750 1.273 542 2,722 9,479 884 410 243 151 172 199 733 228 44 179 240 126

1963 . . 328 811 1,372 57,3 2,696 10,569 1,067 436 :64 174 187 221 893 249 44 197 264 167

1964 . 393 1,002 1,670 5913 2,809 11,195 1,290 469 :13 206 218 255 1,014 251 43 210 293 164

1565 450 1,692 1.738 628 2.819 11,598 1,430 512 291 221 216 230 1.207 296 60 223 317 213

1966 . 459 1 080 1,783 644 2,934 12,467 1.579 552 289 234 214 202 1,345 335 87 233 332 240

1967 472 1,10: 1,822 629 2,915 12,841 1,707 593 294 250 219 204 1.457 374 90 221 358 251

1968 . . 483 1.153 1.718 617 3.004 13,136 1,851 610 296 265 222 204 1,585 388 92 209 378 259

1969 . 518 1,102 1.593 567 3.015 13,211 1,818 565 318 252 193 220 1,566 372 98 195 394 264

1970 . 562 1.198 1,592 547 2,955 12,202 1,795 55') 316 234 184 219 1,562 371 97 131 410 329

1971 . 445 1,229 1,784 507 2,815 11,910 1,808 569 298 216 175 205 1,592 394 93 187 418 229

1972 . 484 1,192 1.927 466 2,795 12,328 1,830 616 121 201 182 232 1,629 435 E9 197 444 252

1973 . 446 1,229 1,845 461 2,864 12,629 1,795 709 354 226 172 224 1,568 537 130 194 408 251

1974 . 439 1,268 1,680 442 2,782 11,997 1,688 695 :94 201 187 209 1.487 507 85 189 412 264

1975 . 414 1,237 1,638 417 2,764 11,911 1,575 671 291 193 177 206 1,382 493 85 177 383 247

1976 . . 404 1,254 1,653 392 2,737 11,618 1,574 886 2:3 189 172 206 1,337 515 96 174 390 245

1977 . . 395 1.285 1,673 369 2,719 11,74,. 1,578 7(.4 7'1% 180 168 208 1,396 539 87 170 399 244

1978 . . . 393 1,336 1,725 346 2,711 11,720 1,587 75 19 176 165 210 1,409 565 88 167 409 244

1979 . . . 382 1,360 1,741 379 2,727 11,807 1,610 753 307 172 162 214 1,435 597 90 166 423 246

1980 . . . 379 1,414 1,794 311 2,759 11,963 1,644 786 116 161 161 218 1,470 635 92 166 440 250

1960-65 147 61 57 47 22 26 137 49 '46 101 55 43 145 45 54 68 111 209

1965-20 25 10 -8 -13 5 5 26 9 9 -13 -5 29 25 62 -19 29 55

1970-75 -26 3 3 -24 -6 -2 -12 20 -8 -18 -6 -6 -12 33 -1: -2 -7 25

1975-80 -8 14 10 -25 4 17 9 -12 -4 6 6 79 -6 15 1

1965-75 -8 13 -6 -34 -2 3 10 31 0 -11 -18 -10 15 67 42 -21 21 16

Using CUP lo;'licIt price ..1efIr:or (19/5-1.'8) OW.

SOURCE: Market Facts, Tor., Center for ,111Jnt1tatloo Sr!once4. 80soe on 70. !,
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Table 2.38 FUNDS USED FOR BASIC RESEARCH, APPLIED RESEARCH

AND DEVELOPMENT, BY SECTOR: 1960-1980

(Percent Distribution)

Year

Federal

(100)

Induatry

(100)

Colle;es and Universities

Other Nonprofit

Institutions

1001

Basic A Id Cevel

Total

and

Univeret'es

Colletes

21
ApA Devel Desk

FFRDC

100

App'd Deve1 Basic

Other

100

A. '4 DevelBasic Anp'd Devel Basic Api_d level WIC

1960 . . . ,9,3 34.5 56.3 3.6 19.3 77.1 523 29.9 17.4 26.9 33,9 39.2 67.0 27.7 5.3 37.7 42.6 19.7

1961 . . . 11.0 33.8 55.2 3.6 18.1 78.3 55.5 27.9 16.6 28.0 32.9 39.0 70.2 25.2 4.6 32.2 45.3 22.5

1962 . . . 12.0 33.5 54.6 4.2 21.4 74,4 57.9 26.2 15,9 28.9 33.0 38.1 72.9 22.7 4.4 32.9 44.1 23.1

1961 . . . 13.1 32.0 54.8 4.1 19.5 76.4 60.4 24.6 15.0 30.0 32.1 37.9 75.3 21.0 3.7 31.4 42.1 26.5

12.8 32.7 54.5 4.1 19.2 76.7 62.7 22.8 14.5 30.4 32.1 37.5 78.7 18.2 3.1 30.3 43.1 26.6

1965 . . . 13.7 33.3 53.0 4.2 18.7 77.1 64.0 23.0 11.0 33.1 32.4 34.5 77.2 18.9 3.9 29.6 42.1 21.3

l965 . . . 13.8 32.5 51.7 4.0 18.3 71.7 65.2 27." 11.9 36.0 32.9 31.1 76,0 19.1 4.9 28.9 41.2 29.8

1967 . . . 13.9 32,4 51.7 :.1 11,0 70.4 65.8 72.9 11,3 37.1 32.5 30.3 75.8 19.5 4.7 26.6 43.1 30.2

1968 . . . 14.4 34.5 51.2 3.7 17.9 78.4 67.1 22.1 10,7 38.4 32.1 29.5 76.7 18.8 4.5 24.7 44.7 30.6

1969 . . . 16.1 34.3 49.6 3.4 18,0 78.7 67.3 20.9 11.8 37.9 29.0 33.1 76.9 18,3 4.8 22.9 46.1 31.0

1978 . . . 16.8 35.7 47.5 3.5 18.8 77.7 67.2 20.9 11,8 36.5 29.3 34.2 76.9 18.3 4.8 19.7 44.6 35.7

1971 . . . 12.9 35.5 51.6 3.3 18.5 78.2 67.6 21.3 11.1 363 29.3 34.4 76.6 19.0 4.5 21.2 47.3 31.5

1977 . , . 13.5 33.0 53.4 3.0 17.9 79.1 66.1 22.3 11.6 37.7 29.6 37.7 75.7 20.2 4.1 22.1 49.7 28.2

1973 . . . 12.7 34.9 52.4 2.9 10.0 79.2 62.8 24.8 12.4 36.4 17.7 36.0 70.1 24.0 5.8 22.8 47.8 29.4

1974 . . . 13.0 37.4 49.6 2.9 18.3 78.8 63.0 25.9 11.0 33.6 31.3 35.0 71.5 24.4 4.1 21.9 47.6 30.5

1975 . . . 12.6 37.6 49.8 2.8 18.3 78.9 62.1 26.4 11.5 33.5 30.8 35.7 70.5 25.2 4.4 22.0 47,4 30.6

1976 .

4911

1970

1979 ,

1980 .

PROJECTIONS

12.2 38.0 49.9 2.6 18.3 79.1 61.7 26.9 11.5

11.8 38.3 49.9 2.5 18.3 79.2 51.2 27.3 11.5

11.4 38.7 49.9 2.3 18.3 79.3 60.8 27.8 11.5

11.0 39.1 50.0 2.2 18.3 79.4 60.3 28.1 11,5

10.6 39.4 50.0 2.1 18.4 79.6 59,9 28.6 11.5

33.0 30.5 36.5 69.8 25.9 4.3 21.4 48.3 30.3

32.4 30.2 37.4 69.0 26.6 4.3 20.9 49.1 30.0

31.9 29.9 38.2 68.3 27.4 4.3 20.4 49.9 29.7

31.4 29.6 39.0 67.6 28.2 4.2 19.9 50.7 29.4

30.8 29.3 39,8 66.9 28.9 4.2 19.4 51.5 29.2

1 1 7
SOURCRI Market Facto, Inc., Center for Quantitative Sciences. Cased on Table 2.36.
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over time appear in National Patterns of R&D Resources; Funds and Maipower

in the United States 1953- 1975(102). Federal Funds for Research Development

and Other SciLntifiL Activities, Detailed Statistical Tables (99, 100) gives obli-

gated funds, over time, by field of science. These data cover "all" perfor-

mers, incleling: a) industry, b) intramural, c) universities and colleges,

d) FFRDC'E (Federally Funded 1U:D Centers), and e) other non-profit groups

(which include state and local R&D performers, usually a very small percen-

tage). Also included in the Detailed Statistical Tables are trends in basic

research funding obligations and applied research funding obligations. In

these staCistics, unfortunately, comviter science" is subsumed by mathematics.

This is one category which might be of particular interest because it could

include R&D in the development of scientific and technical information ser-

vices.

The first source above describes expenditures while the second re-

ports obligations. Obligated funds are not necessarily spent in the same

year, especially for programs stretching over several years. Federal obli-

gations are used in this section to examine trends by field of science. The

trends observed may be expected to be not too different from trends for over-

all R&D expenditures considering that Federal funds constitute mote than half

of all R&D funds. Other sources of data by scientific discipline which may

be of interest are described below for comparison.

Data on industry R&D by field of science is found in Research and

Development in Truhtstry 1973 (107). These figures reflect expen.:liters, rather

than obligations, for basic research only. The field of science c ries

here are somewliat different than those in Federal funding obligatIpas des-

cribed previously, again without a separate category for "computer science

and engineerirg". Applied research and development data are also provided but

by major industrial product group rather than by discipline. Such a break-

down does not appear to be npplicable to STI. The Standard Industrial Classi-

fication (SIC) Manual classification used might be correlated with fai.tors

other than publishing volume within specific fields and provide indicators

of commercial interest in the informntion field. However, this would take us

outside the realm of STI it,4elf into, perhaps, the commercial viability of

information industry activities.

11 9
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Resources for Scientific Activities at Univelcit-ies and Colleges (109)

includes staListics for R&D expenditures at institutions of higher education.

It shows current dcllar evenditures fer R&D by field of science. These

figures do not distinguish between basic and applied research, since the sur-

vey which collected this data did not make this distinction. From the stand-

?oint of impact on STI, this distinction for college and universi,y R&D appears

to be crucial. Resou-res also presents some current expenditures for in-

strurtion in the sciences and engineering by field of science and by type of

institution (i.e., those granting doctorate, master's, bachelor's, and no

degrees).

R&D expenditures by state government agencies are described in

Research and Development in State Government Agencies (108). For the years

of these surveys, state government agency expenditures for R&D were in-

creasing. It is uncertain how state R&D funding trends might impact the

generation of STI, since state agencies may not place the same emphasis on

publishing as colleges and universities, nor would they be influenced by the

proprietary nature of R&D in industry. In addition, approximately 50 percent

of state funds for R&D are provided hy the Federal government, with about nine

percent of state and R&D expenditures going to state colleges and universities.

One of rhe impacts of the "new federalism" might be to increase the correlation

between state and Federal expenditures to the extent that little additional

information would be gained by observing state expenditures separately. It

should also be noted that a large proportion of state R&D expenditures is

concentrated in a relatively few states. The ratio of applied to basic R&D

expenditures has changed significantly for states during the last 10 years

with basic research loosing ground, a factor which may impact on publishing

growing out of this sector.

A common problem area in using available, published ltistics can

be described as definitional. First, definitional categories L by data

collectors may differ from year to year. Second, the interpretations of

questionnaire respondents of these categories may not be consistent. Both

of these problems in interpreting existing data on scientific activities are

discussed nt length in the NationA R(_,arch Council',4 Phys.ici-; in_Pen7;poctive

(89).

1"0
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Fe 'era 1 Ohl Hat ;or,: b" d of S, il.11(

Data on Federal obligationf: fol d,..1op:;a1t and resear,:h by field

of science ure given in Table 2.39 and 2.4n for cnrr,,nt and constanr dollars

respectively. The darn are graphed in Fignro 2.9, The most draw!tic funding

increase in research occurred in Social ScHrxes where total rel;earch funding

(in cnsraat dollars) increased 23 proont_ Fr 196r) to 1976. An even larger

relative increase was observed for this fielJ for applied re::earch thnn for

total resoarh, Applied research as a whole increa-cd more than bask re-

search during the period, but the, ,liffL:rence vas oot ?urge, 62 percent and

46 percent respectively in current dollars. Constant dollars shcx- decreases

for both applied and basic research.

Projections (1977-1930) of total R&D o. gations are basad upon a

time series analysis of the rates of increase in cnt dollars. Rates of

increase p'nerally declined through 1968, therefo chorter period (1967-1976)

was selected to provide a more reasonable, although probably still conservative,

estimate. The data and regression equation are shown in Figure 2.8 below.

Figure 2.8 ANNUAL RATES OF INCREASE IN FEDEnl, OBLIGATIONS FOR R&D:1967-1980

14

12

o

= -1.456 4 1.136x

-4 -414-
1967 k.48 b 9 70 71 7 2 73 74 75 76 77 78 79 60

`1,1,1r

SOURCE: Mi.rkrt Facts, Center for r:ete:wes

.121
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Table 2.39 FEDERAL OBLIGATIONS FOR RESEARCH & DEVELOPMENT,

BY FIELD OF SCIENCE; 1960-1980

(Millions of Dollars)

Item
1960 1961 191 1963 1964 1965 1966 1961 1968 1969 1970 1971 1972

Resesrch & Developa 7,552 9,059 10,290 12,495 14,225 14,614 15,320 16,529 15,921 15,641 15,340 15,574 16,512

Tonl 11(.0,':ch 1,941 2,620 3,273 4,041 4,464 4,854 5,271 5,273 5,361 5,228 5,597 6,074 6,557

Life ratences 11 629 810 922 1,045 1,167 1,301 1,451 1,538 1,499 1,533 1,673 1,932

Physics', Sciences' 884 931 1,029 1,077 1,074 1,132 1,169 1,012 1,042 1,129

Fsviroasentn1 Sciences
608 860 1,029

455 671 676 749 664 656 518 575 677 231

ratemstics 25 40 64 87 93 105 173 130 119 115 102 120 136

ElOwring 690 844 1,059 1,445 1,450 1,576 1, 92 1,561 1,572 1,539 10 2,041 1,105

38 51 57 12 91 103 100 198 98 104 114 116 124

Fvrill ':.,104ces 35 45 63 80 102 127 146 199 195 215 709 3[1:1 310

'',c1,11111 3)

pask logrArn 410

112

825

190

1,106

91

1,389

77

1,367

70

1,690

74

1,340

95

2,004

52

2,056

80

2,077

72

2,042

101

2,132

1!(,

2,411

Llre Sc19ol 172 238 313 380 424 487 552 612 612 559 515 ; 596 729

rhys1v1 Mences2
3191

Cm1r9mnta1 Sciences'
44 3 604

515

212

564

310

639

263

662

211.

713

315

731

342

819

219

704

341

741

113

183

414

rat5crltH 18 21 26 42 52 17 60 65 67 57 59 52 41

Ev3(lnee:11N 16 62 116 137 135 142 148 178 185 165 21(1 229 2)5

Plaolog7 17 21 29 26 47 58 53 60 55 55 57 49 58

Soc191 Sc1ences e 11 18 25 34 37 44 57 61 72 65 20 60

3
0411cr 5c1Nce3 8 2 2 2 2 4 4 4 11 4 10 9

ApplIN1 8mnirch 1,331 1,796 2,166 2,652 2,898 3,164 3,431 3,269 3,306 3,111 3,555 3,942 4,146

ti 8clo:prol 340 391 4111 542 421 660 249 839 " 925 up 94 1,027 1,251

Physical Sciances2

Elv1ronnents1 Sciences
289 417 425

369

203

347

361

390

413

410

458

361

349

401

314

350

230

307

234

298

284

355

329

Nathematics 7 19 38 43 41 48 62 65 53 57 43 68 74

Eng1neetin3 614 781 943 1,309 1,316 1,429 1,514 1,382 1,367 1,324 1,746 1,821 1,730

Psychology 21 30 29 35 48 46 47 48 44 49 56 62 49

Social Sciences 27 34 45 55 68 90 121 132 133 163 144 234 ri

Other Sciences 33 124 139 55 75 68 69 92 47 69 68 92 101

Development 3,611 6,438 1,017 8,454 9,761 9,760 10,050 11,256 10,561 10,413 9,743 9,490 9,955

(Continued)
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Table 2.39 (cont.) FEDERAL OBLIGATIONS FOR RESEARCH & DEVELOPMENT,

BY FIELD OF SCIENCE: 1960-1980

(Millions of Dollars)

Percent Change

Item 1973 1974 1975* 1916* 1977* 1978* 1979* 1980* 1960-65 1965-70 1970-75 1975-80 1966776

Research & Development
1

16,821 17,438 18,905 21,652 23,796 26,424 29,641 33,587 94 5 23 18 41

Total Research 6,500 7,173 7,737 8,241 9,447 10,490 11,767 13,334 150 15 38 72 56

Life Sciences 2,059 2,389 2,471 2,348 2,938 3,262 3,660 4,147 128 31 61 68 80

Physical Sciences
2

1,126 1,182 1,315 1,476 1,625 1,804 2,024 2,293 n.a. -2 30 74 37

Environmental Sciences 791 876 960 1,028 1,152 1,280 1,436 1,627 n.a. -15 67 69 37

Mathematics 126 127 143 157 179 199 224 253 320 -3 40 77 28

Engineering 1,760 2,003 2,202 2,545 2,730 3,032 3,401 3,854 128 26 11 75 51

hychology 116 143 132 137 170 189 212 240 11 16 82 37

Social Sciences 296 291 343 356 416 462 518 587 d 65 64 71 114

Other Sciences 226 160 171 193 227 252 202 320 112 3 138 87 167

Basic Research 2,420 2,465 2,596 2,689 3,284 3,647 4,090 4,635 177 21 27 79 46

Life Sciences 758 843 822 753 1,021 1,134 1,272 1,441 183 18 43 75 36

Physical Sciences
2

, 796 797 89 1,000 1,113 1,236 1,387 1,571 n.a. 10 28 75 50

CO
Environmental Sciences'

Mathematics

445

57

447

49

461

55

499

59

601

76

667

84

748

94

848

107

n.a.

217

30

4

36

-7

03

95

71

-2

Engineering 206 109 210 218 216 306 344 389 93 59 -10 85 30

Psychology 51 49 47 48 66 73 82 93 241 -2 -18 98 -9

Social Sciences 78 73 82 91 105 111 148 361 16 26 HO 107

nther Sciences 28 lb 19 21 23 26 29 32 - 100 375 611 425

Applled Penearch 4,080 4,708 5,141 5,551 6,139 5,817 7,647 8,665 138 12 45 69 62

Life Sciences
2

Physical Sciences
2

Envlronmental Sciences

1,301

330

346

1,546

385

428

1,649

410

49't

1,595

476

529

1,909

510

546

1,809

483

518

2,378

635

681

2,695 100

719 n.a.

771 n,n,

41

-21

-41

12

36

112

63

72

55

113

16

16

Mathematics 69 78 88 98 104 99 130 147 586 -10 105 61 58

Engineering 1,554 1,014 1,992 2,327 2,443 2,315 3,044 3,449 133 22 167 73 54

Psychology 66 93 85 90 104 99 130 147 119 22 52 73 91

Social Sciences 218 218 260 265 313 297 190 442 233 60 81 70 119

Other Selences 197 144 151 171 203 192 252 286 106 122 89 148

Development 10,321 10,265 11,168 13,411 14,349 15,934 17,874 20,253 74 15 81 31

NSF estimate.

1'

Market Farts, Inc., Center for Quantitative Sciencen,

1

Excluden R&D Plant,

2

Physical Sciences and Environmental Sciences not separately identified prior to 1963.

3

Less thnn $500,000.

SOME: National Science Foundation, Detailed Statistical Tables, Federal Funds for Research, Development, and Other Scientific Activities,

1960-1963 data: Muse XXI, 1972,

1964 dntn: Volume XXII, 1973.

1965-1916 data: Volume XXIV, 1975.
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Table 2.40 FEDERAL OBLIGATIONS FOR RESEARCH AND DEVELOPMENT, BY FIELD OF SCIENCE: 1960-1980

(Millions of Constant 1967 Dollars)*

I

1

Resrorch 1omlopmr10

Tolol Ro!wArch

5rleorog

ri Solenue3

olownrol Sr loom
2

Mi!Immitiog

po);I000rlor,

r,4,holor/

6 . ,

mloo

8,Iroh

Lilo Sci Nit q
. . . t

PlIv.do.11 Solynres2

rovIronmoolil klences .

Ha L6010.11169

rjigiworlog

l'yt

!even

SeioleoR 1 4 I 4

hor116,1 Roo6.1.101

hIle Sol6novo

No:hie-11 '.101voceo2 ,

2

Viol!.14o.otal Sr lencvn

cc

l000r

roy,lolloor

SocIA1 11olonceA .

(Orr Scioneog

ntYliellynoot

1960

8,597

2,210

582

612

211

186

41

40

M

694

146

363

20

87

19

1

3

1,515

337

129

3

699

24

31

38

6,3(101

1961

10,182

2,945

107

961

45

971

51

51

148

92/

268

498

24

92

26

12

9

2,019

419

469

21

819

34

14

139

7,237

1967

11,418

3,610

900

472

71

1,171

61

/0

211

1,229

348

671

29

129

11

70

2

2,408

554

472

42

1,048

32

50

210

7,800

1161

11,110

4,414

1,012

970

499

95

1,505

79

Htl

ID6

1,124

417

565

216

46

150

19

27

2

.,910

595

405

221

49

1,435

38

60

106

9,276

1964

15,367

4,822

1,129

1,006

725

100

1,566

163

110

Ill

1,691

418

609

335

56

146

51

31

,
4

3,131

611

196

390

44

1,422

52

71

81

10,544

1965

15,101

5,1411

1,238

1,091

711

Ill

1,612

101

115

74

1,793

511

678

279

60

156

62

39

2

3,356

721

411

413

51

1,516

49

95

72

10,352

1966

15,810

5,640

1,363

1,111

713

127

1,136

103

Ill

16

1,899

570

6118

300

62

1/1

. 55

45

4

3,141

773

423

473

64

1,562

49

125

71

10,372

1967 1968 1949 1970 1971 1972

16,529

5,273

1,651

1,074

664

130

1,561

1011

180

95

2,004

617

713

315

65

118

60

17

4

3,269

819

161

349

65

1,187

48

132

97

11,256

15,107

5,154

1,518

1,088

611

H4

1,511

84

11/

'10

3,977

583

701

329

64

17a

51

59

4

3,1/7

819

386

301

51

1,334

42

128

45

10,154

14,347

4,791

1,371

1,022

493

105

1,184

o5

197

11

1,105

521

751

283

12

1/0

co

66

N

2,890

851

121

111

12

1,214

65

131

63

9,551

11,338

4,867

1,333

3811

580

89

1,722

99

182

61

1,775

501

612

296

51

201

50

51

4

1,091

831

267

20)

37

1,518

4Q

125

59

8,471

12.536 131288

5.051 5.277

1,192 1,545

661 91/

561 610

160 109

1,617 1,181

96 On

243 219

84 91

1.:74 1,10

496 51i1

618 On

321 161

43 11

181 189

41 41

c8 64

S
7

1,119 3,1 :7

890 1,1104

24,. 281

236 265

57 h)

1,515 1,392

56
55

195
186

17 36

7,895 8,011

126

4114141411w

(Cont1nord)
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Table 2.4 (cont.) FEDERAL OBLIGATIONS FOR RESEARC2 AND DEVELOPMENT, BY FIELD OF SCIENCE: 1960-1980

(Millions of Constant 1967 Dollars)*

Item 1973 1974 1975 1976 1971 1978 1979

Percent Chave

1980 1960-65 1965-70 1910-75 197540 1966-26.

Research & Deve1opment
1

12,018 12,054 11,950 12,033 13,211 13,725 14,469 15,410 80 -14 -10 29 -19

Ittal Renearch 4,953 4,959 4,094 4,1384 5020 5,449 5,744 630 M '5 1 n -10Life Sciences 1,569 1,651 1,553 02 IA 1,694 1,787 1,903 W 8 17 22 4Physical Sciencen2 855 M M M W M M 1,052 ''-n -19 -5 M -21Envirenrea:al SCINICe3 601 606 601 M 64 0 665 .701 746 L. -30 it" n .:1Mathematics 96 o q 93 v m m 106 296 -20 1 n -27tngisetrinl . . 0 . IX. 1,305 1,393 1,508 016 1,575 1m 1,76e m 3 -19 27 -13Psychology H 99 V 81 § 98 103 M W -9 -16 n .71Seel:4 Sciences . m 201 217 211 m 240 253 269 m 35 n 24 23Othcr °times 172 m mln 126 131 m Iv 55 -15 21 35 50

Basic Recelrch 1,044 1,204 1,642 11594 1,023 1,804 1,996 2,127 150 -1. -7 30 -16Life Sciencei
578 563 520 446 261 509 621 661 164 -3 4 27 -22OD Phyriccl Selene& . 607 551 568 593 618 642 677 721 ma, .10 .7 27 .140

Env1r1cmInte1 Sclencen . 3119 209 233 296 334 345 363 30 n,n, 6 .1 33 .1Mathcmtifc 43 34 35 35 42 44 46 49 200 -15 -31 60 -44Engimriag 157 131 133 129 153 159 168 373 79 30 -34 34 -75Psycholny 39 34 30 23 31 38 40 43 226 -19 -40 43 -49Social Pciences . . . 59 50 52 54 50 61 64 68 333 46 -9 31 70Othlr Sciences 21 11 12 12 13 14 14 15 100 200 25 29
Applied Research ... 3,109 3,255 3,252 3,290 3,408 3,021 3,733 3,975 122 -0 5 27 -7Lit,: Science^ 997 1,069 1,043 945 1,060 940 1,161 1,236 66 15 26 17 22Phyrical Scicnces2 . 251 266 264 282 263 251 310 330 nat. -36 -1 25 -335nvirenzen:n1 Sciences 264 296 314 314 303 259 332 354 n.a, -54 55 13 -34PAt-a!lc- 53 54 55 53 50 51 63 67 538 -27 51 20 -9tniroving 1,1E4 1,234 1,260 1,379 1,336 1,202 1,406 1,532 117 .

-17 '25 -12Pnyc1olo 2y
50 64 54 53 58 51 63 67 104 .

10 24 0Stein', Sciences . . . 166 151 164 157 174 154 190 203 206 32 31 15 -1
AyOther 8cierccn 150 101 96 101 113 100 123 131 89 -13 63 36 62

Develepent 7,865 7,016 7,064 7,949 7,966 3,276 8,725 9,292 62 -18 -17 31. -23

*

Utirg 8N? implicit price deflator (3975-1980 NPA).

'Emcluden 1160 Plent,

2

Physica1 Sciences end Savironeentel
Sciences not sepsrately identified prior to 1963.

th..n 0500,6S3.

f=CE: ilzrket Facte, Inc., Center for Quantitative Sciences, Based oa Tabla 7,39,

128
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Figur 2.9 FEDERAL OBJITCAMNS FoR 1J, BY FIELD OF SCIENCE: J 960-19FID
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Individual projections for development and research by field of science were

then calculated using a 5-year average (1972-1977) of distributlon of total

obligations, thus producing a static distribution for all projection years.

The resulting percentages were applied to projected total R&D obligations.

THe'relative importance of scientific discipline is shown on Table 2.41

where Federal obligations are shown in a percent distribution. In 1975, Life

Sciences and Engineering clearly predominate total research, accounting for

approximately 30 percent each. Predominance of these two fields is maintained

in applied_research, where Engineering actually takes the lead, not unexpectedly.

in terms of basic research, Life Sciences, although still accounting for nearly

32 percent, takes second place to Physical Sciences. Environmental Sciences

accounts for 18 percent, ahead of Engineering's 8 percent.

rr,;fittiime*

1 :3 1

82
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Table 2.41 FEDFRAI, OBIJOAT10:: FOR RESFAMI AND DEVELOPNENT,
BY IELD or SCIF::CE: 1960-1980

Total 1.4,eich

LIS. SCACtfel

Physical Scienc.12. .

Invironm4ntal

Mathematics

EngtneLring

Psychologi

Social Sciirl-1 . . .

Other Scien6as . . .

!ask eeee 1 e ch

1.1fe 5,len,es

Physical 5c:(01,e12. .

Caolta,c.ental Sclenc..

NothenaclCa

Enlineerl,a

Psychology

Soolal Scle.Crs . . .

Other Scleoces . . .

MO 131'1

74.3 71.1

25.7 24.9

8.1 , 1

17.6 19.8

26.] 24.0

131.3 32.8

1.3 1.5

35.5 33.0

2.0 1.9

1.8 1.7

1.7 5.0

28.2 19.8

52.3 5].)

3.0 2.5

22.5 9.9

2.8 2.5

1.] 1.]

-3 1.0

Applied . . . .

Life Science. ..... 25.5

Lovtro..,,n6a1 Scien,es2 2

Phisicai 5ciencea2. . .

"

:1.9

23.2

0.5 1.1

46.1 41.5

1.6 1.7

2.0 1.9

2.5 6.9

Ilscl.,Jes 43

2Pn7 olotl Sell4ot. 4,1 [-vir. ,:ntal

4Kan

ile.1117 Felt. Inc., Ca.A4, !or 2,`,....146:!., :.1,n,44.

17,1 1.7'7 17,4

(Percent

1915 1955_ :5.!

Distribution)

1910 11 1072 Ill 1 1914 19/4 IV!! 2911 1979 1919_1150

68.2 67.7 59.6 66.8 65.6 65.1 56.] 65.6 63.5 55.7 60.3 61.4 58.9 59.1 61.9 60.3 60.3 60.3 60.3

31.8 32.3 21.4 22.2 3.4 31.9 31.7 31.. 36.5 MO 39.7 39.6 41.1 40.9 38.1 39.7 39.7 39.7 39,7

10.7 11.1 11.0 11.6 11.0 17.1 12.2 13.3 13.] 13.7 14.4 14.4 14.1 13.7 12.4 13.8 13.8 13.8 13.8

21.0 21.2 23.4 21.6 22.4 19.8 20.8 15.1 :).2 :5.] 25.1 24.] 27.0 27.2 25.6 25.8 25.8 25.8 25.8

100

24.7 22.8 2).1 24.0 24.7 27.5 29.7 29.7 27.4 17.5 21.2 31.7 33.3 31.9 28.5 31.1 31.1 31.1 31.1

21.9 10.9 21.2 20.4 20.4 21.1 22.4 11.1 17.2 17.4 17.3 16.5 17.0 17.9 17.2 17.2 17.2 17.2
31.4

11.3 15.0 13.9 14.2 12,6 12.2 10.] 10 3 11.1 11.9 12.2 12.2 12.4 12.5 12.2 12.2 12.2 12.2

2.0 2.2 2.1 2.2 2.3 2.5 2.2 2.2 1.5 2.0 2.1 1.9 1.3 1.8 1.9 1.1 1.9 1.9 1.9

22.4 35.9 52.9 12.5 31.9 29.6 24,] 23.9 25.4 33.6 30.] 27.1 27.9 28.5 30.9 28.9 28.9 28.9 28.9

1.7 1.8 2,1 2.1 1.9 2.0 1.3 2.0 2.0 1.7 1.9 1.8 2.0 1.7 1.7 1.8 1.8 1.8 1.3

1.9 2.0 2.] 2.6 2.1 3.6 3.6 4.1 2.1 5.3 6.7 4.6 4.1 4.4 4.] 4.4 4.4 4.4 4.4

5.8 2.4 1.7 1.4 1.4 1.9 1.3 1.5 1.3 1.7 1.8 3.5 2.2 2.2 2.2 2.4 2,4 2,4 2.6

.23

28.] 27.4 27.3 18.13 11.2 10.5 19.3 1J. 29.2 56.2 30.2 31.3 34.2 31.7 23.0 31.1 31.1 31.1 31.1

37.1 ]6../ 37.9 2,2 35.6 25.6 29.4 1.. 24.1 32.5 12.9 32.3 34.6 37.2 23.7 33.9 33.9 ]].9
54.o

18.1 19.1 15.6 15.5 15.7 16.7 14.9 16.7 13.. 19.0 18.4 13.1 17.8 13.6 18.3 25.3 18.3 18.2

2.4 1.2 3.] 3.4 3.3 3.2 ].] 2.7 2.9 2.1 2.6 2.4 2.0 2.1 2.2 2.3 2.] 2.3 2.]

10.5 9.9 3.6 9.7 9.1 3.9 3.0 5.9 11.5 11.2 9.7 8.5 7.7 8.1 8.1 8.4 3.4 8.4 3.4

2.5 2.6 3.0 3.4 2.9 3.0 2.7 2.5 2.8 2.3 2.4 2.1 2.0 1.8 1.8 2.0 2.0 2.0 2.0

1.6 1.6 2.2 2.2 2.1 2.8 2,0 3.5 3.2 3.3 3.3 3.2 3.0 2.2 1.4 7.2 3.2 3.2 3.2

0.2 0.1 0.1 0.1 0.2 3.2 0.2 0.5 0.2 0.5 0.4 1.2 0.6 0.1 0.8 0.7 0.7 0.7 0.7

1.0

21.0 :1.1 21.5 21.6 :5.7 25.0 21.5 26.9 27.2 20.2 31.9 32.8 32.1 28.7 31.1 31.1 31.1 31.1

13.9 11.; 12.3 11.9 21.2 31.1 11.1 8.6 7.6 8.6 8.1 8.2 8.1 8.6 8.] 8.3 8.] 8.]
19.6

7.7 12.5 1].1 1].] 10.7 3.5 7.] 6.6 7.1 7.9 3.5 9.1 9.7 9.5 8.9 6.9 6.9 8.9

1.6 1.7 1.4 1 5 1.8 1.0 1.6 1.6 1.2 1.7 1.9 1.7 1.7 1.2 1.8 1.7 1.7 1.7 1.7

4).5 .).] 42.4 .5.2 44.1 42.] 42.0 42.0 49.1 46.2 41.7 38.1 39.5 38.7 41.9 39.8 39.8 39.8 39.6

1.2 1.2 1.7 1.5 1.4 1.5 1.2 1.6 1.4 1.7 1.6 1.6 2.0 1.7 1.6 1.7 1.7 1.7 1.7

2.1 2.2 2.1 2.0 3.5 4.0 4.0 4.5 4.0 5.9 5.6 3.2 4.6 5,1 4.8 5.1 5.1 5.1 5.1

9.7 3.6 2,6 2.1 1.0 2.5 1.1 2.2 1.2 2.3 2.6 4.3 3.1 2.9 3.1 3.3 3.1 3.3 3.3

22, tr:.: p.
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Federal Obligations for Scientific and Technical Information

The same NSF source (100) that provides Federal obligations for R&D by

field of science, includes data for Federal obligations for scientific and tech-

nical information. These data, because they indicate trends at least in the

Federal establishment, are presented in Tables 2.42 and 2.43 in current and

constant dollars respectively. Fairly steady increases were observed between

1960 and 1975, during which time obligations increased more than 500 percent

in current dollars. In constant dollars, increases were observed through 1968,

amounts were fairly constant through 1973 and then began to decrease. Almost

half of Federal obligations for scientific and technical information are

allotted to documentation.

In contrast to these data, collected by NSF as part of the annual Federal

R&D funds survey, another source of statistics on Federal obligations for STI

is fci in a report for COSATI (148) which covers the years 1969-1973 only.

The contrast occurs not only in the magnitude of the total dollar amounts,

but in the rate of increase. For 1973, the COSATI (148) study has a total of 93.

million dollars, more than double the NSF total of only 438 million. In addi-

tion, over the five years of the COSATI data, a 38 percent increase was ex-

perienced, while the increase for the NSF source was only 21 percent. The

COSATI data is tabulated on Table 2.44, which also shows amounts allocated

to two sets of sub-functions and activities. These breakdowns are difficult

to compare with NSF's four categories and quite obviously are based upon

different definitions for the various categories.

Both sets of Federal STI data are plotted in Figures 2.10 and 2.11

showing trerds for both current constant dollars and increase over the

five year period.

'1 30,
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Table 2.42 OflLICAilW:S ::ClUTfrIc An irCHNICAL
INFW;',1AT10:.: 1960-1980

(Milhous of Dollars)

Year Total

Publlc4tlun
and

-___ D!..tr:1,11tt_c_m

5 t

....'" -...at !On
.

Audiovf!.ull
and

Sv.vonli
5

1/.0

Information
Science

in

. S

1960 . . . 75.9 37.0 46.7 28.4

_

37.4 7.6 10.0 2.9 3.8

1961 . .
91.6 48.7 53.2 29.0 31.7 6,7 7.3 7.2 7.9

1962 128.5 55.7 43.3 42.4 33.0 17.0 13.2 13.3 10.4

1963 164.5 t7.7 41.2 64.0 38.9 21.0 12.8 11.9 7.2

1964 203.2 59.9 29.5 90.8 44.7 22.7 11.2 12.6 6.2

1965
.

224.7 68.2 30.4 102.0 45.4 32.0 14.2 22.5 10.0

1966 277.7 82.7 29.8 124.6 44.9 22.5 8.1 48.0 17.3

1967 324.4 87.1 26.8 152.5 47.0 31.7 9.8 53.1 16.4

1968 359.2 100.7 28.0 165.6 46.1 34.1 9.5 58.8 16.4

1969 362.5 96.0 26.5 170.9 47.1 31.8 8.8 63.7 17.6

1970 . 386.8 98.9 25.6 198.1 51.2 32.6 8.4 62.1 16.0

1971 . 397.6 106.0 26.7 193.8 48.7 32.8 8.2 65.0 16.3

1972 . .
419.4 116.6 27.8 196.5 46.9 36.5 8.7 69.7 16.6

1973 . . 437.9 122.6 28.0 198.0 45.2 37.9 8.7 79.4 18.1

1974 . . 442.8 129.1 29.2 199.4 45.0 35.0 7.9 79.3 17,9

1975e . 464.2 401.7 30.3 211.4 45.5 37.7 8.1 74,4 16.0

1976e . 492.0 151.2 30.7 220.5 44.8 38.0 7.7 82.3 16.7

PP.OJETTONS*

1977 . . . 518.3 151.3 29.2 235.8 45.5 42.5 8.2 88.6 17.1

1978 . . 547.2 159.8 29.2 249.0 45.5 44.9 8.2 93.6 17.1

1979 . . . 579.1 169.1 29.2 263.5 45.5 47.5 8.2 99.0 17.1

1980 . 614.2 179.3 29.2 279.5 45.5 50.4 8.2 105.0 17.1

PERCENT 0.:ANGE

1960-65 196 84 259 321 676

1965-70 72 45 94 2 176

1970-75 20 42 7 16 20

1975-80 32 27 32 34 4' 1

1966-76 77 83 77 69 71

NSF estio.Ate.

Market Facts, :nc., Center for Qu3rtttative 5c1ences.

Total includ., S17.2 f;-)r trAnizc!ocr.c. 41-.1:11 W35 :-. ::epara!ely from other categories In 1964 only.

SOURCF: Naticnll Scf,.nco Fc,undAcion, fors

and 0:her Sc:rocific 7plum" AX:V (:;SF '5-323).
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Table 2.63 VEDERAL OBLICnIS nfl! SCIENTIY1C AND TECHNICAL
INFOR!IATION: 1960-1960

1--

yeAr 1

1960

1961 .

1962 .

1963 .

1964 .

1965 .

1966 .

1967

1968 .

1969 .

1970

1971

1972

1973 .

1974

1975 .

1976 . .

1977 . .

1978 . .

1979 . .

1980 . .

1960-65

1965-70

1970-75

1975-80

1966-76

(Millionn of ConntnA. 1 Y67 Mlars)*

------------------ ----------
AuJlovIIoll

aLd

----------
R&D in

Information
Total

Publicat!,n
an4

86.4

__0ii,tritmt:-:.

42.1 32.3 8.7 3.3

103.0 54.7 32.6 7.5 8.1

142.8 61.9 47.1 18.9 14.8

180.5 74.3 70.2 23.0 13.1

219.5 64.7 98.1 24.5 13.6

238.3 72.3 108.2 33.9 23.9

286.6 85.3 128.6 23.2 49.5

324.4 87.1 152.5 31.7 53.1

345.4 96.8 159.2 32.8 56.5

332.5 88.0 156.8 29.2 58.4

336.3 86.0 172.2 28.3 54.0

330.8 88.2 161.2 27.3 54.1

337.5 93.4 158.1 29.4 56.1

333.7 93.4 150.9 28.9 60.5

306.1 89.2 137.8 24.2 54.8

239.6 89.0 133.7 23.8 47.1

291.6 89.6 130.7 22.5 48.8

PROJEC7:0N5-

287.8 84.0 130.9 23.6 49.2

284.2 83.0 129.3 23.3 48.6

282.7 82.5 128.6 23.2 48.3

281.8 82.3 128.2 23.1 48.2

PEW::::7 CHANGE

176 72 235 290 624

41 19 59 -17 126

-13 3 -22 -16 -13

-4 -8 -4 2

2 4 2 -3 -1

Using GNP ImplIclt price :!cflator (1975-1930 N?A).

SOURCE: !.tarkEt Facts. Inc.. Ccntcr fzr Qi t 3L on 7.,ble 2.42.

1 3 .)
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Table 2.44 FEDERAL OBLIGATIONS Fna =CIM:NT, PROCESSING AND TRANSFER OF SCTENTIT
AND TECHNICAL INFoRsIATIWI, DATA AND TECHNOLOGY*: 1969-1973

Item 1969 1970 1971 1972 1973
1969-73
Percent
Change$ X $ 1 $ I $ % $ T

Documentation 130.3 19.2 147.1 19.8 170.6 20.1 178.8 19.6 185.5 19.8 42

Research and Technical
Work Information 28.6 4.2 31.2 4.2 35.0 4.1 38.7 4.2 31.5 3.4 10

Information Analysis
Centers 52.9 7.8 57.3 7.7 71.7 8.4 82.2 9.0 83.3 8.9 :7

Scientific and Technical
Library 71.8 10.6 73.5 9.9 83.9 9.9 90.1 9.9 92.9 9.9 29

Technical Data 202.7 29.9 213.1 28.8 228.4 26.9 230.3 25.2 232.0 24.8 14

Information Service Center . 63.4 9.4 71.1 9.6 94.4 11.1 107.2 11.7 115.3 12.3 82

Foreign Exchange 5.1 0.8 5.9 0.8 8.6 1.0 10.3 1.1 11.0 1.2 116

,chnology Transfer 21.9 3.2 32.7 4.4 33.3 3.9 36.5 4.0 42.7 4.6 95

..her 101.2 14.9 109.2 14.7 123.4 14.5 140.1 15.3 140.9 15.1 39

TOTAL 677.9 100.0 740.9 100.0 849.3 100.0 914.3 100.0 935.1 100.0 38

Hanagement and
Administration 149.5 22.1 167.7 22.6 179.2 21.1 196.2 21.5 205.4 22.0 37

Input 213.2 31.4 231.1 31.2 282.7 33.3 310.2 33.9 319.8 34.2 50

Output 163.5 24.1 179.5 24.2 205.4 24.2 212.9 23.3 220.7 23.6 35

Support 77.6 11.4 84.4 11.4 103.4 12.2 112.2 12.3 112.5 12.0 45

Conferences and Symposia . . 16.0 2.4 17.2 2.3 19.5 2.3 20.3 2.2 19.5 2.1 22

Research and Development
in ST1 55.4 8.2 59.8 8.1 57.3 6.7 60.5 6.6 56.4 6.0 2

Includes Intramural.

SOURCE: Federal Council for Science and Technology, Committee on Scientific and
Technical Informatlon, Report of the AD Doc Croup: Federal Arency
Obligations for Management Processing nri Tr,nfer cr Scientific And
Technical lu(ormatlon Data nnd Techn01.u. (FY 1969-1971).
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Figure 2.10 FEDERAL OBLIGATJONS FOR SCILNTIFLC AND TECHNICAL INFOPMAT1ON:
1960-1980

I I r 4

1160 61 62 63 61 65 66 67 613

SOURCE, Tsb Ir. 2.12 and 2.13.

'
60 70 71 72 713 71 75

1 I. 1 1

76 77 76 79 $0

Figure 2.11 FEDERAL OBLIGATIONS FOF MANAGEMENT, PROCESSING AND TRANSFER OF
SCIENTIFIC AND TECHNICAL INFORMATlON, DATA AND TECHFOLOav: 196C-1973

(mncrea. ;an)
Curren. 5
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SOURCE. Table, 2, 44
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Agencies Contribilting Largest lo.lwints of Federnl MD Funds

The R&D expenditures of five agencies alone account for about 90 percent

of all Federal expenditures for R&D. The D::partment of Defense itself spends

almost 50 percent of the Federal R&D dollar. 'The next largest contributor

is NASA, although both agencies appear to be contributing slightly decreasing

percentages currently than two years ago as shown in Table 2.45 below. The

other agencies are DREW, ERDA and NF,F.

Table 2.45 FEDERAL EXPTDT1URES ma RESLARM AND
DEVELOITENT, SELECTED AGENCIES: 1974-1976

(Percent Distribution)

Year

Federal
Total

Selected Agencies

Total DOD DHEW ERDA NASA NSF

1974 100 91 50 11 8 18 3

1975e 100 90 48 11 10 17 3

1976
e

100 90 48 11 11 16 3

NSF estimate.

SOURCE: Federal Funds for Resenrch, Development and Other Scientific

Activities, Fiscal Years 1973. 1974 and 1975; Appendix:

Detailed Statistical Tables, Volume XXIV (NSF 75-323).

The same five agencies provide most of Federal obligations for research,

83 percent. The proportion is even higher for Physical Sciences,.Mathematics,

Psychology, Engineering, and Other Sciences. The dollar amounts (estimates

prepared by NSF) and percent distribution by field:of science for 1975 are

displayed in Table 2.46. As might be expected, tha data shows that DREW

obligates the largest proportion of the Life Sciences, Psychology and Social

Sciences obligations; ERDA and NASA of Physical Sciences, and DOD of Engineer-

ing. Thus, the policies of these individual agencies and any shifts in em-

phasis by them among scientific discipline is to substantially affect
OP

total R&D funding for those disciplines. The only field for which this might

89
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Table 2.46 FEDERAL OBLIGATIONS FOR RESEARCH FOR SELECTED
AGENCIES, BY FIELD OF SCIENCE: 1976c

(Millions of Dollars)

Field of Science

Total

Life Sciences . . .

Physical S.ciences

Environmental Sciences

Mathematics

Psychology

Social Sciences

Other Sciences

Engineering

Federal
Selected Agencies

, Total Total DOD DHEW ERDA NASA NSF

8,241 6,822 1,986 1,730 713 1,741 652

2,348 1,838 147 1,396 127 53 115

1,476 1,341 223 44 431 479 164

1,028 820 125 - 29 510 156

157 145 85 19 6 2 33

137 130 51 61 - 10 8

356 191 8 136 - 1 46

193 182 82 55 - 6 39

2,545 2,174 1,265 19 121 679 90

Total

Life SCiences

Physical Sciences

Environmental Sciences

Mathematics

Psychology

Social Sciences

Other Sciences

Enginet!ring

PERCENT DISTRIBUTION

100 83 24

100

100

100

100

100

100

100

100

21 9 21 8

78 6 59 5 2 5

91 15 3 29 32 11

80 12 - 3 50 15

92 54 12 4 1 21

95 37 45 7 6

54 2 38 13

94 42 28 3 20

85 50 1 5 27 4

NSF estimate.

SOURCE: National Science Foundation, Dotailed Statisti, 31 Tables Federal Fuirdcl far

Rescareh,_Developm3,nt nnd Other Scientific ArSivtLies, Fisen1 Years 1.974.2_
1975 and 1976, Voloue XXIV (Nt.;.F 75-323).

90
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not hold true is Social Sciences, where over 45 percent of federal obligations

fron. agencies other than these five.

2.3 Gross National Product (GNP) and Price Deflators

Since 1960, Total R&D Funding has been at a level of between two and

three percent of GNP. The higher level wa5] reached in 1964. The current level

(1973-75) is 2.3 percent. R&D funds are projected to continue tocccount for a

decreasing proportion of GNP.

For reference purposes the GNP implicit price deflators used through-

out this report are combined on Table 2.47 with total GNP and the R&D percentage.

Table 2.47 GROSS NATIOAL PRODUCT, PERCENT R&D FUNDS AND
GNP IMPLICIT PRICE DEFLATORS: 1960-1980

Taar

Totsl
RAD

crp1.2 Futge
: If

(81111ons of Dollars)

C70, It'Itc1: Pr::. :enamor

I3a.:coL.2 19674100 3

1960 . . .

1961 . . .

1962 . . .

1963 . . .

1964 . .

1966 . .

1967 . . .

1968 . . .

1969 . .

1970 . . .

1971 . . .

1,72 . . .

1973 . . .

1974 . .

1975 . . .

1976 . . .

1977 . . .

1978 . . .

1979 . . .

1980 . . .

r

503.7

510.1

'560.3

590.5

632.4

684.9

749.9

191.9

864.2

930.3

977.1

1.054.9

1.159.0

1,294.9

1,396.7

1.475.2

1,680.5

1,979.3

2,273.6

2,199.1

2.7 :03.29 87.84

2.8 04.62 98.91

2.3 105.79 89.96

2%9 107.17 91.14

3.0 108.85 92.57

2.9 1:0.76 94.28

2.9 113.94 96.90

2.9 117.59 100.00

2.9 122.30 104.01

2.8 1:9.20 109.02

2.7 135.24 115.01

2.5 141.35 120.21

2.5 146.12 . 124.26

2.1 154.31 131.13

2.3 170.11' 144.66

1.3 165.9 158.09

168.72

2.1 :11.8 180.12

7.0 1:6.4 192.53

2.0 240.9 204.86

1.9 256.3 217.96

60t10E, 1960-19,4, 1.!-,r,.1 ',-,r1 t`e F,Or,er? :575 VI?.

1975-1990.
3

MAO., Farts. :at., 74::..4 ictraces.

91
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SECTION 3

TRENDS IN PUBLISHING

SCIENTIFIC AND TECHNICAL INFORMATION

This is a major section of the report because it deals with the

composition, recording, reproduction and initial distribution functions of

scientific and technical information as depicted in Figure 1.1. In this

section we are primarily concerned with statistical indicators that deal with

quantity and cost of primary publications in science and technology. Secondary

publications such as abstract journals are covered in Section 5 of the report,

Organization and Control.

This section is subdivided into four sub-sections dealing with the

growth of the literature, and two sub-sections discussing costs associated

with publishing scientific and technical information. The documenting forms

covered in these sections include books, journals, technical reports, and

other items. A final sub-section deals with numeric data bases, another in-

formational medium.

The literature of science is growing and growing very rapidly. It

is an important function of this report to present data that reliably indi-

cate the magnitude of this growth. Data on literature growth have, of course,

been presented by many other writers. Unfortunately, many of these data have

been conflicting. Some studies of literature growth, too, have concentrated

exclusively on a single documentary form (e.g., the scientific journal) while

others have produced estimates of the growth of the primary literature that

are derived largely from observations on the growth of the secondary literature.

Anderla's (5 ) figures for literature growth, for example, are largely based

on figures for the growth rate of some major abstracting and indexing services,

those organizations that are members of the National Federation of Abstracting

and Indexing Services (NFAIS). But these figures are not necessarily reliable

indicators of the growth of the primary literature. Use of figures for growth

of secondary publications as an indicator of the growth of primary publications

pre-supposes that the former are growing at the same rate as the latter. One

cannot necessarily assume this. In fact, an extremely important statistical

indicatc- would be one that revealed a discrepancy between these two rates of

growth.

92
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In the NFAIS annual statistics the data base is not constant, be-

cause additional members have been added over the years. These statistics

cannot be used as a reliable indicator of the growth of even the secondary

publications unless they are corrected to account for the addition of new

services in the NFAIS membership. The Anderla figures are not based.on such

a correction factor. It is our belief that Anderla intended the use of these

data to be illustrative of statistical indicators, however, there is a tendency

for others to use the data as fact because better data concerning growth of

the journal literature are not available.

There are different dimensions to the growth o'f the scientific and

technical literature as well as different documentary components in this rate

of growth. There are at least three dimensions to be considered:

1. The number of items published

2. The number of copies of items published

3. The size of the items published

The importance of nese three dimensions varies somewhat from one documentary

form to another. In considering the growth of the book publishing industry,

for example, we are concerned both with the number of items (titles) published

and with the number of copies of these titles that are sold, but not

on the size of each book in number of pages published. In considering

the growth of the science journal, however, we are interested in the growth of

each journal (in number of pages published per year) as well as in the growth

of the periodical literature in terms of number of titles published. Further-

more, the number of articles published may be the most important indicator of

all. The number of copies of each title that are sold each year (i.e., the

number of subscribers) is also presented.

The growth figures presented in this section of the report are, we

believe, the best that are availal,le for various documentary forms and for

various dimensions of literature growth. Although some of these data are more

reliable than others, collectively they seem to form an accurate composite

picture of the rate of literature growth.
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3.1 Growth of the Book Literature

3.1.1 Number of Books Published Worldwide

The UNESCO Statistical Yearbook (145) presents estimates of world

book production based on reports submitted by member countries. One problem

with the UNESCO figures is that different countries may interpret the term

"book" in various ways, although UNESCO does provide guidelines on this. The

U. S. figures, for example, include Federal Government publications for only

certain of the years and completely exclude publications of state and local

governments. The UNESCO figures give an overall indication, however, of the

growth in the number of book titles published on a worldwide basis. The

figures for the thirteen year period 1960-1972 are presented in Table 3.1 for

overall book production only. The UNESCO overall figures represent an average

annual growth, in number of titles published, of about 3.7 percent for this

period. That is, about 54 percent more titles were published in 1972 than

were published in 1960. Although UNESCO does publish a subject breakdown,

from which it would be possible to extract figures for science and technology,

these figures cannot be used as good indicators of growth because the base

(i.e., number of countries included) varies from year to year.

According to UNESCO guidelines, the figures for book production are

supposed to include all printed non-periodical publications of the type that

would appear in national bibliographies, including government publications,

textbooks, theses, offprints, publications in series, and volumes of illustra-

tions. The UNESCO guidelines exclude trade catalogs and other advertising

publications, timetables, telephone directories, almanacs, musical scores,

maps and charts. UNESCO defines book as a printed non-periodical publication

of at least 49 pages, exclusive of cover pages. It is contrasted with the

term pamphlet, which is defined as a printed non-periodical publication of at

least five pages but not more than 48 pages. Clearly, this distinction is

somewhat arbitrary.

It is likely, however, that certain national figures for book pro-

duction will be more accurate than these international figures because of

greater control and standardization in data collection. In particular, good

figures are gathered by the publishing industry in the United States and in

94
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Great Britain. These statistics are given in Table 3.2. Even these numbers

must be viewed with some caution, however, because, at least in the U. S.,

changes have been made in the way in which the counts are made. The U. S.

figures indicate an average annual increase in publication rate of about 7.4

percent in the period 1960-p74. That is, in 1974 about 172 percent more

titles were being published than were published in 1960. In Britain the

average annual increase in publication rate appears somewhat less: about 3.1

percent a year for the period 1960-1973. There are many fluctuations, how-

ever; the 1973 output was 6.4 percent greater than the 1972 output in Great

Britain. By comparison, the 1972-1973 increase in output was about five per-

cent in the United States. In the field of science and technology the rate

of publication increase in the U. S. was 327 percent in the 1960-1974 period,

which represents about a 10.9 percent increase per year during this period.

As the rate of publication increases one would also expect that the

number of books available at any one time (i.e., in print) would also be in-

creasing. Some evidence of this is available from the London firm of

J. Whitaker & Sons. The Whitaker bibliography Scientific and Technical Books

in Print (I34) listed 8,800 titles in 1965; 11,285 in 1966! 13,507 in 1967: 14,981

in 1968; 25,589 in 1969; and 34,000 in 1972. The Whitaker compilation, then,

indicates that in 1972 almost four times as many scientific and technical books

were in print and available in England than were in print and available in 1965.

The statistical indicators for the Soviet printing industry were

compiled from data in the report "Printing Activity in the USSR in 1972",

published by the "Kniga" (Book) Publishing House, Moscow, 1974. It is the

latest available issue of yearly publications on this subject.

The numerical data were wmpiled on the basis of the deposited

copies of publications sent to the central "Palace of Books" and to similar

agencies in the constituent republics. Every separately identified edition

of a book or brochure, every volume of a collective series, every issue of a

newspaper, journal, bulletin, sheet music, map, reproduction, etc. has been

taken into account.

The statistical data are part of the governmental census; therefore,

all types of publications are included, regardless of whether they are intended

141
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Table 3.1 NUMBER OF BOOK TITLES PUBLISHED WORLDWIDE: 1960-1972

(Thousands)

Year All Fields

1960 . . 364

1961 . . 380

1962 . . 388

1963 . . 399

1964 . . 408

1965 . . 450

1966 . . 460

1967 . . 478

1968 . . 487

1969 . . 496

1970 . . 546

1971 . . 548

1972 . . 561

SOURCE: United Nations Educational, Scientific,
and Cultural Organization, Statistical
Yearbook, 1964-1972.
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Table 3.2 NUMBER or NEW BOOK TITL1'S AND EDLlIONS PUBLISHED: ,960-1974

Year

1960 . .

1961 . .

1962 . .

1963 . .

1964 . .

1965 . .

1966 . .

1967 . .

1968 . .

1969 . .

1970 . .

1971 . .

1972 . .

1973 . .

1974 . .

Number of New Book Titles :ind Editions
U.S. U.S. Great Britain:

All Fields Science/Technical* All Fields

.
15,012 3,:79 23,783

18,060 5,062 24,893

21,904 6,153 25,079

25,784 7,411 26,023

28,451 8,871 26,154

28,595 8,808 26,358

30,050 '1,808 28,883

28,762 8,993 29,619

30,387 9,613 31,420

29,579 9,645 32,393

36,071 11,659 33,489

37,692 12,595 32,538

38,053 13,042 33,140

39,951 13,522 35,254

40,846 14,442

Based on Table 3.7, figures inclucle science, medicine, sociology/economics
and half of agriculture and philosophy/psychology.

Note: The figures are for trade publications and exclude government publi-
cations and university theses.

SOURCE: The Bowker Annunl of Library and Book Trade Information, R.R. Bowker
Company, 1962-1975.
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for the general public or are restricted to internal official distribution

only. On the other hand, certain categories of official documents and in-

structions issued by lower bureaucratic levels and publications of clearly

e ral interest are excluded. Certain other criteria, such as the minimum

,..-ume of the output and the involved printing technique, are also applied

to eliminate publications from coverage. Thus, material reproduced by non-

typographic methods, publications less than four pages and 100 copies, books

in Braille, and so on, are usually not included in the compilation.

For comparison purposes, the tabulations contain references to

earlier years, specifically 1940, 1950, 1960, 1965 and 1970.

The scientific and technical literature is not identified as a single

item but is distributed among several categories. Popular science is shown

as a separate class. As was to be expected, political education and propa-

gandists' sheets (actually "agitator's notes") are emphasized. Technology is

distributed among several headings.

Thus, the scientific and technical material is given as part of the

overall printing effort of the USSR; the volume may be compiled by examining

the columns which give the number of copies, the size of individual issues

and the total number of pages printed during the year.

During 1972 a total of 82,795 books and brochures were printed.

The 1,505,999,000 copies of these publications amounted to 15,639,515,000

printed pages, representing a total sales price of 663,356,000 roubles. (The

current official change rate is one rouble = $1.45). There were also printed

during the year 111,092 minor publications, broadsides, and so on, which as

mentioned above, are not subject to bibliographic control and are not sent

to depository libraries, involving 634,963,000 copies; 27,967 authors' ab-

stracts of dissertations; 13 tear-off calendars, 14,005 drawings; 1,810 titles

of sheet music and 304 cartographic publications.

The cumulated volume of publications in the Soviet Union during

the 1918 to 1972 period amounted to 2,524,539 books and brochures, representing

39,581,000,000 copies and 337,253,500,000 pages. The average output per title

was 15,700 copies.

1 4 7
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Table 3.3 presents the output of books and brochures in the Soviet

Union since 1940.

Table 3.3 NlMER OP LOOK TITLES A::D BROCHURE TITLES PUBLISHED IN THE USSR:
1940-1972

Year Books &
Brochures

Copies

(Millions)

Pages
Printed

(Millions)

Average
No. of Copies

Per Itcn
(COra_

Average
No. of Pags

Per Itci

1940. . . 45,830 462.2 2,848.3 10.1 6.2

1950. . . 43,060 820.5 6,980.3 19.0 8.5

1960. . . 76,064 1,239.6 12,461.1 16.3 10.1

1965. . . 76,101 1,279.3 12,994.5 16.8 10.2

1970. . 78,875 1,309.6 13,953.5 16.6 10.7

1972. . . 82,795 1,506.0 15,639.5 18.2 10.4

SOURCE: Printing:Activitv in the USSR in 1972, "Kniga" (BOOK) Publishing House,
Moscow, 1974.

During 1972 the average number of copies per individual title was

18200 and the average length amounted to 10.4 pages. This low number is

probably due to the fact that books and brochures are reported as a unit.

The average daily publication rate in 1972 amounted to 4,126,000

copies of all books and brochures; this corresponds-to 606 copies of books

and brochures per 100 inhabitants during the year.

Information is available about the distriblition of the publications

among freely distributed and "for pay" items, and about the publishing authority

(Stale Central Committees, government departments and agencies, institutes,

ministries, consistuent republics of the Union, and "others", such as specialixed

publishing agencies).

It is of interest to note that the 82,795 separate titles have been

published in a great variety of 1311:s:2:ages. As expected, the greatest number

was published in one of the national languages of the Soviet Union (79,132

items), including 63,448 in Russian and 62 other languages. Among the 3,663

titles in non-Soviet languaes, English was leading with 1,356 items. The

rest included Amhnra and Gujarati and most of Western European and the Soviet-

Bloc languages but also Japanese And Chinese. French (485), Cerman (459) and

Spanish (274) were the most popular languages after English.
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In addition to original pnpers, many translations were alno pub-

Thc, 8,8.1 i tin includod 6,787 translated from the Soviet national

langunges, including 5,074 from Rwlqian. In addition 663 translations from

English, 281 from German and 167 from French were also published.

The subject matter of the 82,795 books and brochures is classified

as given in Table 3.4.

Table 3.4 NIMILR OF BOOK TITLES AND BROCHURE TITLES
PUBLISHED IN 1HE -SSR BY SUBJECT: 1972

Subject
Classification Nunber of Titles

Political and Socio-Economic Literature 11.529

Natural Sciences and Mathematics 8.553

Technology, Industry. Transportation,
Communication, Municipal Services 29,244

Agriculture 6,597

Commerde, Purchasing, Supply Activities 815

Health Protection and Medicine 3,396

Physical Education and Sports 713

Cultural and Educational Activities, Science 4,130

Linguistics 2,311

Literary Studits 1,230

Fiction, includinc; Children's Literature 7,225

Russian 3,142

Other USSR Nationalities 3,324

Foreign Countries 759

Art 2,214

Printing, Bouk Trade, Bibliography 2,833

TOTAL 82,795

SOURCE: Printf,,v Activity in $Rii972, "Kniga" (BOOK) Publishing House,
Moscow, 197:..

Detailed information is available concerning the number of copies

printed in the individual categories, the total number of pages, average

number of copie:1 pf-t- title nnd the average number of pages per item. The

data are nino compnred with thof:o from 1940, 1950, 1960, 1965 and 1970.

1 49
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An interesting communication indicator is the extent of international

trade in publications. Figures for book imports/exports to and from the United

States are given in Table 3.5. It is interesting to note from this table that

the number of new editions and titles imported into the United States has been

erratic and, in fact, the total imported in recent years is actually less than

the total imported in the mid 1960's. Nevertheless, the total dollar value of

book imports has increased regularly over the years (an increase in value of

about 400 percent between 1961 and 1973) and the dollar value of imports has

been increasing more rapidly than the dollar value of exports. Note, however,

that these figures represent only shipments valued at $250 or more and that

they refer to book shipments in general and not just shipments in science and

technology.. The dollar figures also reflect inflationary trends and cannot

be used as precise indicators of the amount of trade in number of copies.

Comparative figures for imports and exports will also fluctuate considerably

with changes in rates of foreign exchange.

It is noted that the imports for science and technology 7.1as grown

substantially more from 1960 to 1974 than imports for all new title: and, edi-

tions. These two figures are 389 percent and 61 percent increases res,ectively.

The proportion of science and technology books in 1960 to the total numl,- of

books in 1960 was about 19 percent and this number grew to 58 perce,,t in 19).

Further discussion concerning books publications in the United State:, is giver

in the following sections.

3.1.2 Number of Scintific and Technical Books Published in the United States

The principal source of information concerning the growth of scien-

tific and technical book publishing is the Bowker Annual (18). The total number

of scientific and technical book titles from this source is based on the

following classifications (with Dewey Decimal Numbers): Agriculture (630-639;

712-719); Medicine (610-619); Philosophy and Psychology (100-199); and Tech-

nology (600-609, 620-629, 660-699). Only half of the titles in Agriculture

and Philosophy and Psychology were included. The total number of book titles

published in science and technology according to these calculations is given

in Table 3.6, with the breakdown by field shown in Tble 8.7.

1 5 0
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Table 3.5 IMPORT AND .PORT OF BOOKS: 1960-1974

NJmber
Books

1960 .

of

.

U.S. Impurt,
All FilciL

($ milliowl__

U.S. xports,
All Fields

0._millions)

U.S. Imports
(new titles

& editions)

U.S. Imports
(science &

technology)

2158 411

1961 . . 26.763 62.876

1962 . . 33.447 70.733 2051 928

1963 . . 38.747 77.746 2161 956

1964 . . . 43.898 88.642 4797 1931

1965 .
48.767 99.322 4670 1986

1966 . . . . 61.525 120.803 6347 2785

1967 . .
69.242 143.193 4852 2172

1968 . . . . 68.392 151.623 4307 1905

1969 . . 78.353 166.141 4103 1836

1970 . . . . 92.023 174.937 4459 1977

1971 . . . . 100.994 176.662 3882 1777

1972 . . 136.937 172.115 3350 1930

1973 . . 133.861 194.516 3283 1758

1974 . .

3478 2008

Note: Data on dollar value of shipments is based only on shipment valued at

$250 or more. It has been estimated by industry economists that the

total values may be low by about l(r to 25% for imports and by about

50% for exports.

SOUCE: Tho Bowkor Annual of Library and Book Traci.? Information, R. R. Bowker

Company, 1962-1975.
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T 3.6 NUMUlt OF scTENdrrIc A::1) TECIF:ICAL 110(.1!: TITLES POLUSHED

IN TH UNIIED ScATES: 19W-1980

Year

1960

1961

1967

1961

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

Nombor of TltIus
110111,h...11

3,379

5,062

6,153

7,411

8,871

8,808

9,808

8,993

9,613

9,645

11.659

12,595

13,042

13,522

14,442

Nurl-m- of SclenfInts
an! roginoorc2

(111111ons2

1960-65

1965-711

1970-75

19/5-60

1.159

1.210

1.272

1.346

1.396

1.442

1.501

1.578

1.649

1.725

1.797

1.834

1.871

1.923

1.973

Nur,hcr of Tliloo
rpr sirl
(:n

Nurl,or of T111ro NT
s/r Lncgml 3 Yrar,'

(10-3)

2.97 3.35

4.18 4.83

4.84 5.52

5.51 6.39

6.36 7.33

6.11 6.92

6.53 7.29

5.70 6.44

5.83 6.67

5.59 6.43

6.49 7.39

6.87 7.64

6.97 7.56

7.03 7.52

7.32 7.87

PROJECTIONS ....

14,277 2.026

14,753 2.081

15,228 2.138

15.798 2.195

16,274 2.255

16,684 2.314

PERCENT CHANCE

161 24

32 25

72 13

18 14

7.05 7.63

7.09 7.67'

7.12 7.72

7.20 7.80

7.22 7.82

7.30 7.90

109 107

6 7

9 3

4. 4

SOURCE: Sn,t.d on Tal,le 1.7:Agr1 ,n1fnre x,5, Sorlr,Ingv 4 Econordcs, Medicine, Sclenee, Technology, and

PhIlospphv r.:).1191o,v x.5.

2
Takeo frm Tnhle 2.25.

3Harkot Far[S, Inc., C,..70r for Quir.tilatIve Scichtug.
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Tahle 3.7 NUMBQ OF LOOK TITLES PLIIILTSHED 1.;`C SIX CLASSIFICATIONS OF SCIL,;',C: 1960-19F0

Yerr

Sucioio6y
and

!tvd!,'Ano Scl(-,c. 7°°h°r:10::'

---i dilTi,7)7,71:;;7---

and

1960 . . . 156 754 520 1,089 698 480

1961 . . . 231 1,613 776 1 -; 781 565

1962 . . . 283 2,059 952 1,743 931 653

1963 . . . 286 2,487 1,054 2,211 1,157 719

1964 . . . 285 3,272 1,211 2,738 1,125 766

1965 . . . 270 3,242 1,218 2,562 1,153 979

1966 . . . 287 3,482 1,446 2,958 1,333 892

1967 . . . 287 3.611 1,189 2,367 1,252 863

1968 . . . 249 4,070 !,277 2,407 1,262 946

1969 . . . 260 4,462 1,190 2,353 1,035 951

1970 . 265 5,912 1,476 2,358 1,141 1,280

1971 . 324 6,095 1,655 2,697 1,309 1,354

1972 . 390 6,415 1,839 2,586 1,425 1,164

1973 . 382 6,565 2,002 2,714 1,347 1,406

1974 391 6,640 2,281 3,049 1,593 1,368

PROJECTIONS*

1975 400 6,858 1,932 3,148 1,507 1,319

1976 447 7,109 1,714 3,501 1,582 1,334

1977 426 7,285 1,680 3,576 1,765 1,261

1978 412 7,310 1,956 3,580 1,334 1,308

1979 495 7,413 1,929 3,859 1,957 1,256

1980 460 7,740 2,055 4,114 2,109 1,332

PERCENT C:IANGE

1960-65 73 330 134 135 65 104

1965-70 -2 82 21 -a -1 31

1970-75 31 16 31 34 32 3

1975-80
15 13 6 31 40 1

7-or.ts, Irc,, CerLer for 1.;:wtiro:ive Sc!e,:cos.

SOME: The 7,711fe,r nf 1.!!.71rv 3cok Trade :nfor,-..17:z!t, E.11ionN S-20, R. R. lioer Co711,;:ny, 19E2-1975,
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In Table 3.6, the number of scientists and engineers and the number

of titles per scientist and engineer are also given along with forecasts made

for the years 1975 through 1980. The forecasts of the number of titles are

based on the number of scientists and engineers. It was assumed that it takes

about three years to write and publish a book so that it makes sense to use a

three year lag for the purpose of forecasting. That is, the number of titles

published in 1960 is based on the nuTber of se:entists and engineers in 1957

(1 million), 1961 titles on 1958 scientists and engineers (1.05 million), 1962

titles on 1959 scientists and engineers (1.11 million) and so on. The number

of titles published are plotted against the number of scientists and engineers

(lagged three years) in Figure 3.1.

Figure 3.1 NUMBER OF U. S. SCIENTIFIC AND TECHNICAL BOOK TITLES AS A FUNCTION
OF SCIENTISTS AND ENGINEERS (LAGGED THREE YEARS)

17. 5

1 5 -

5

Y = -3. 5022 , 9. 5076 X

R2= .93

0

1. 0 1. 25 1 . 5 1. 75 2.0

Number of Scientists and _Engineers (Millions)

SOURCE: Market Facts, Inc.
Center for Quantitative Science::

Other intervals of time up to six years were tested but the bes fit of '-he

data was a ghree year period.
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A 1 ii F mod,.! t to 1!. d i f!oi. to or

fon..c,t!.! no, HI- n I !wo!.. *,!: c!; piil 1 i . Ti, rodk 1 -.1.;;

7\
Y -1.50 -1- 9.51:!,

whe r : V 1n tho no:Thor of boo!' Lit I!( ,1 (in Viir;u:,anzi-...)

X in tho scienti:As and ennoe:; thr, 'jean= bonce

(in milliol!)

IL is noted thot Lhr rl!c.r.:el is ono that is rterelN: rit to th by a roo!llod

of least squar:.s and that it cannot bo interploted literally. For e::z3mple,

the modl implie that there would he a ne3ativn ni_nbor of book titles pub-

lished if the ntlbor o: r:cientists and engineors 1.!orri fewc,r than 0.37 million

persms. The mc el doLi llnsteaLe, ho,::.!vel., that both ilhsolute and rolurive

book produ:::_ivity by sointista and ee:_jnern is incoaE:Ing.

The actnal p-oductivity is e:.:prossed in TallIe 3.6 by the nube: of

book titles produce(1 pr scientist and c..rgiver. a very larLe in-

creaee from l960 to 196!:, follow.3d by an ext,i3Ace, pero:1 el levelling off.

The frrecnet thyou;11 J su3gests grc.dual iacreL,-c in hec,k titles per

:.-dentist zni,1 ,:!n^ineon. The nn:,,or or title, published is c:A.,E,cted to incro,-.se

about 13 percrit Iron) .F!75 to 190 andd the productivity por F.cic?.ntist and

engineer anticipated to incredr,e folly 1):-.rat.

If the above 1.,del in appli(:e to fol-oL,-1:--t. the nu.,.her of book titics

publifdled fre::, 3975 thimgh 19,0, the ''iF;nr(::: in T1;1o. 3.6 are obtained.

Thee daLa ,re in Fief',H-'' 3.2, along the at.,.cr of 173o::!,:: tifics puhlished

f ropi "C(f) tip Lo 1.97h.

Thf' rn. of in-:-cae ol ,)11-lbor of h:)ol. tLlef: publisb,:d is ex-

o(eted to i,lereal.o 1fl75 to lc5 ptrio..1 at abont 3.2 to 3.7

pc'r yyr.

)
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Figure 3.2 NUMBER OF SCIENTIFIC AND TECHNICAL BOOK TITLES PUBLISHED IN

U. S.: 1960-1980

1

0-0 Observed Values
0----0 Forecast Values

4 66 68 70 72 74

Year Published
SOURCE: Table 3.6.

_AO

76 78 80

Data on books published do not exist for the nine specific fields

of science of interest to us. However, the classification used by Bowker

can be manipulated to roughly approximate six of the fields of science.

The number of book titles published in those fields is shown in Table 3.7.

It is noted that there are substantial differences among the fields in the

number of book titles published as well as the rate of growth. The rate of

growth for sociology and economics, nearly ten fold in the past fifteen years,

is clearly the greatest. The pattern of growth from 1960 to the present

seems to be fairly consistent among the six fields of science. The growth

from 1960 to 1965 was very large, ranging from 65 percent in technology up

to 330 percent in sociology and economic: . Thc next five yeal-s (1965-1970)
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dampened out considerably, however. The growth (or decline) ranged from -8

percent in science to 82 percent in sociology and economics. The next five

year period resulted in a recovery and moderate growth in all classes except

philosophy and psychology, where the increases went from 104 to 31 down to

four percent over the three five year periods. The remaining classes ranged

in growth from 17 percent in sociology and economics up to 52 percent in

agriculture. It is interesting to note that the science class of sociology

and economics is overwhelmingly the largest class in terms of magnitude as well

as growth. However, as will be shown later, this class of science makes

moderate contributions to the journal literature.

In order to forecast the number of book titles published in each

of the six classes, we ran a stepwise multiple regression on data from each

class. The independent variables used for each class included number of

scientists (lagged three years), number of Ph.D's., Federal obligations for

research (lagged six years), and Federal obligations per scientist and engineer

(lagged three years). Where there was a substantial amount of colinearity,

some of these variables were discarded in our final equations. Correlation

coefficients for the six classes ranged from .89 in engineering to .99 in

sociology and economics. The results of the forecasts made (shown in Figure

3.3) indicate moderate growth over the 1975 to 1980 period, ranging from five

percent in philosophy and psychology to 46 percent in technology.

3.1.3 Distribution and Price of the Book Literature

There is not a really good sour for determining the distribution

of books in terms of number of copies. Thus, we have derived this number by

dividing the average price into the receipts reported by Bowker. Though not

an entirely satisfactory procedure, this does provide a reasonable indicator

of trends in the number of copies distributed, average number of copies per

title and average number of copies distributed per scientist and engineer.

The average price of scientific and technical books was derived from the

average prices reported for each of the six scientific classes mentioned

above. The average was found by summing the product of prices and number of

book titles published annually over the six classes and dividing the total

number of book titles published annually. Tt is noted that the estimat of

average price up to 1970 were based on titles published from 1971 on copies

sold. However, this does not appear to distort the trend over time in either

108
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Figure 3.3 NUMBER OF SCIENTIFIC A7:!) TECHNICAL nor TTTL1T, PUBLISHED BY

SIX CLASSIFICATIONS: 1960-197,0

1000
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0

1960 62 64 66 b8 70 72 74 76 78 80
Year

Ohs e rv,,(1 Value
- Forecas! Value

- - -
$
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3000
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a
1'
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Year
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Year
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3.
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SOURCE: R. R. Bowker Company (1'760-1970
Market Facts. Inc., Center for OuantItative Sciences (t975-193o)
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the overall average price or for individual classes of science (given later).

The overall average prices and the remaining information related to book dis-

tribution are given in Table 3.8. The average price in current dollars in-

creases steadily from 1960 to 1974, but in constant dollars the increases

have not been quite so dramatic. The average price in current dollars is

plotted in Figure 3.4 with an exponential curve fit to the observations. This

curve is as follows:

where:

log Y = 0.903 + .023X

Y is the estimated average price

X 'is the year published (0 is 1960, 1 is 1961 . .

Even though the 1975 forecast may be low, the overall trend appears to be

reasonable based on the past observations. If this trend holds, one would

expect average prices in current dollars to increase about 31 percent from

1975 to 1980 and decrease slightly in constant dollars. This forecast, how-

ever, is highly tenuous since it is subject to the vagaries of the nation's

economy and inflation.

Total receipts for book sales are also shown in Table 3.8, and

plotted in Figure 3.5. The trend is computed to be:

wher

Y = 53.3 + 10.8X

Y is the estimated total receipts in millions of dollars

X is the year published (0 is 1960, 1 is 1962 . . )

Receipts have increased steadily since 1960, and this trend is expected to

continue. However, when one looks at the receipts per title the picture

takes on a new appearance.

The total receipts per title figure was derived by dividing the

total receipts by the number of book titles published as shown in Table 3.8.
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Table 3 . 8 AVFRACE PRICE, RECEITTS , :.::D NljnER O'' COPIES OF SCIENTIFIC AND TEC1INICA
BOOKS PUBLISHED IN THE U.S . : 1960-1980

Tent

____^ -------
Aveiro! Avolepe

111.4.hor ne
MuP4er 01 Plio1.1. col 9,1,0116114.4

0717411:1"1Pr1re2 IA.01.4 97111,19 PrI.. ImpInee.44
(Current SI (Con:.14 4_51 I I: -4 1)

1160 . . .

__(01,1 _____(712:14441,4_11.a._111_11.1fye

3,17, 8.54 9.72 69.1 20.44 9.09 2.114 1.151 8.94

5.042 8.51 9.36 71.1 14.44 MI 1.697 1.210 7.10

1967 . . . 6.151 6.84 9.63 77.2 12.55 9.7) 1.411 1.272 6.111.

7.411 10.13 11.11 P1.2 10.95 4.02 1062 1.146 11.16

1964 8,871 9.67 10.45 90.4 10.19 9.15 1.0111 1.094 6.70

1965 8.606 16.60 11.24 95.2 10.72 4.16 1.019 1.442 6.7)

1966 9,808 10.66 11.15 109.6 17.17 10.10 1.079 1.501 4./1

1967 5,993 10.81 10.61 124.1 11.92 14.51 1,279 1.570 7.21

1964 9.611 11.12 10.69 114.5 14.02 12.12 1.260 1.849 7.21

1149 9.645 11.20 10.27 149.6 15.51 13.36 4.105 1.223 7.75

1110 11,657 13.11 12.10 154.3 13.54 11.1/ 915 1.11/ 6.1)

1971 12,595 16.54 14.01 114.7 11.87 10.17 423 1.614 3.65

1972 13,047 16.45 11.24 164.4 14.48 11.48 480 1.671 6.13

1973 11.522 14.20 10.02 199.2 14.7) 14.63 1.037 1.923 7.17)

1074 14,442 14.43 12.74 210.0 14.54 11.19 769 1.973 5.77

rssIrcul 3s4

14,777 17.119 11.1/ 215.9 15.12 12.07 845 2.0261975 . . 8.96

14,711 18.44 11.19 274.7 15.17 12.01 P14 1.041 5.77

011 . . 15./26 19.91 71.06 211.6 15.40 11.92 /93 2.114 5.64

1178 . . . 15.798 21.02 10.92 244.4 15.72 11.82 744 2.1911 5.16

1979 . . 16.274 22.19 10.41 259.1 15.9) 11.69 716 2.251 8.14

1960 . . 16,444 21.19 10.73 270.1 16.00 11.55 484 2.114 6,80

- PrlICINT 08,7E -
1.1(d. 65 . 181 24 16 18 .44 11 -17 24 -11

116S-711 32 24 8 66 27 .4 25 2

197045 22 29 -4 16 11 -11 11 -fa

1011.40 10 11 -5 21 6 .4 -19 14 -IA

ow 4.tlotor (1175-1140 paw o..4 ,0 "I',0,8 17" 0,11,,..

r.n.r.r. 14,4.4 ro 7,11.1e 1,7:flOorr. ,p(r.rot acirorp, e,dIrtoe. oo,tolog,/..op...t.,1 no,/ 1..11f. of 4prIr0Itor. 10.11o,orlq/p,,,Lotogy.

284ne4 on 740.1. 3.9.

Irbe_Rnwter f41,1..o, 8-70, 19..4. 601.4.1. Cenvner. 196/-190. (0,,t., A4lortrd to vorm.lon31

4,,int fn. Inc.. cnot., po, 00qtratly.

iTaMen Tohle 2.75.
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Figure 3.4 PRICE PER SCIMIFIC AND TECW;ICAL Rom: TITLE: 1960-19(30
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TOTAL REUIPTS FOR ;;Cfl'n1FIC AND 1FCCICAL TiTI.r:; AS A

FUNCTION OF TINE
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SOURCE: Market Facts, In:. Center for CF.iantitative Sciences.

Figure 3.6 RECEIPTS PER SCIENTIFIC AND TECHNICAL BOOK TITLE: 1960-1980
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These figures are In the $10,000 to :')15,000 range and havt remained fairly

stable over tho years. Current and constant dollar reccipLs per title are

shown in Figure 1.6. These indicate a substantial decline in .Lonstan. terms,

and are quite significant. Tf the constant dollar cost of producing books

does not also decline over the years (for example, due to reduced number of

pages per book), the book publishers will be hurt by recinced profits or

possibly even losses. Data are not available from secondary sources to verify

this hypothesis but it is anticipated that the publishing study underway by

the New York University (73) will address this phenomenon in more detail.

One reason that the receipts per title are down apparently is that,

as shown in Table 3.8, fewer copies per title are being ;old. The average number

of copies sold per title has decreased rather steadily over the entire period

of time from 1960 to 1974. Overall, the figure has decreased 67 percent.

We note over the same time period the number of titles produced per scientist

and engineer has increased 151 percent while the number of copies sold per

scientist and engineer has decreased by 17 percent.

Computations oE the average number of copies sold per scientist

and engineer for 1975 to 1980 show a continued decline, down to five by 1980.

One also might project this figure based on the expected negative correlation

with average constant dollar price. The equation in this case (shown in

Figure 3.7) would be:

where:

log Y = 1.10 .025X

is the estimated number of copies per scientist and
engineer

X is the average constant dollar price

The correlation coefficient obtainc,1 is 0.8_ . Projections based on this

.!cluation indicate a slightly increasing number of copies per scientist to

1980, going from 5.96 copies in 1975 co r,.82 copies in 1980. These figutes

appear less reliablu than our earlier calculations.
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Figure 3.7 NUMBER OF STIT B001: COPTE SOLD PER Sf:ir!:TLST AND E:;GTNEU AS A

FUNCTION OF THE AVERACT. PRLCE OF A i";-)K CON:;TA::T DOLLARS

7 .
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4

/9
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1 I I 1-.. I-
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AveragerrIce(Const.rat)

SOUI10Et Market Facto, Inc., Center for auentitrttre 5,1nrrr.

The magnitude of the number of books published per scientist seems,

to us, to be quite high. It appears that there arc about eight copies dis-

tributed for each scientist and this number is low since it represents only

hard copy book volumes. Many of the copies are purchased by libraries to be

used by a community of scientists. Thus, it would seem that many more copies

of books are distributed than are likely to be read by scientists so that a

further shakedown may occur in the book industry. We feel that two things

are likely to hapn First fewer books will be accepted by the publishers

and secondly either ,:rastic cost reduction will take place or prices will

have to increase in which case demand will be reduced further.

Table 3.9 shows the average prices for books puhlished in ,e six

classes of science designated by Bowker. Again, it is noted that there are

substantial differences among classes in both the magnitude of the average

prices and in the rate of increase. The total averilge price of books has

increased 116 percent in current dollars and 31 percent in constant dollars

over the 1960 to 1974 period. These increases are equivalent: to average

anr al increase:- 5.6 and. 2.0 per.cent respectively.

'31
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Table 3.9 AVERAGE PRICE 0: SCH.NT1FIC AND TECHNICAL
HARDCOVE: LOOKS: 1960-1980

Tear

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1976

1979

1980

1650-55

1155-70

1970-75 .

1375-81 .

Used n:a,

1

Aericull,ru
--07.1-rreut

Social Scienc &
Fcccom1c, Medicir, Sc:cn'e TechnnInov SST Totn1

1

C,nccant Curren: Cnnstenr. Cur rent Col,,:,-.: Current 1:natent. Current Conntant Current Conntant
5 5 , 5 e 5 5 5 $ S $ $

5.96 6.79 6.19 7.05 8.41 9.57 10.21 11.62 8.89 10.12 8.54 9.72

7.66 8.61 6.75 7.59 9.40 10.56 9.05 10.18 10.38 11.67 8.51 7.57

6.39 7.10 6.59 7.33 9.87 10.97 10.30 11.44 10.46 11.62 8.84 9.83

7.60 8.33 8.70 9.54 10.98 11.50 11.22 12.31 10.69 11.72 10.13 11.11

7.69 8.31 7.63 8.24 11.22 12.12 10.99 11.87 11.02 11.90 9.67 10.45

8.04 8.53 8.43 8.94 11.88 12.63 12.13 12.87 12.30 13.05 10.60 11.24

8.37 8.63 9.08 9.37 12.37 12.77 11.72 12.09 12.51 12.91 10.86 11.21

5.90 8.90 8.65 8.55 12.78 12.78 12.15 12.15 12.86 12.86 10.81 i0.31

10.23 9.84 9.68 9.31 12.55 12.07 11.90 11.44 12.93 12.43 11.12 10.69

8.97 9.65 8.85 13.89 12.71 11.95 10.97 13.37 12.25 11.20 9.74

10.42 9.06 12.38 10.76 18.05 15.69 14.95 13.00 14.91 12.96 13.92 12.10

13.64 11.35 17.47 14.53 17.58 14.61 15.94 13.25 15.28 12.71 16.84 14.01

10.94 8.60 16.93 13.62 16.19 13.03 16.05 12.92 16.11 12.96 16.45 13.24

11.79 8.98 12.22 9.31 15.92 12.13 17.34 13.21 15.38 11.72 14.20 10.92

13.21 9.13 17.47 12.08 18.92 13.18 20.93 14.40 17.74 12.27 18.43 12.74

Market Facts.

SG111.7.- 7',

21'0,1

13.16 8.32 17.30 10.94 18.91 11.78 21.28 13.46 17.42 11.02 10.:10 11.64

13.64 8.08 18.97 11.21 0.51 11.62 22.68 13.44 17.97 10.65 19.75 11.71

14.12 7.84 20.32 11.28 20.31 11.26 24.17 13.42 18.52 10.28 20.96 11.54

14.60 7.58 21.88 11.36 21.01 10.31 25.75 13.37 19.07 9.90 22.25 11.46

15.08 7.36 23.50 11.47 21.71 27.44 13.39 19.62 9.58 21.63 11.53

15.56 7.14 25.23 11.96 22.40 10.29 29.24 13.42 20.17 9.25 25.09 11.51

001)111:: C:.!

35 26 :4 27 41 32 19 11 38 29 24 16

30 6
1

47 20 52 25 23 21 -1 31 8

26 40 2 5 -74 42 17 -15 31 0

18 -14 45 6 19 -14 37 16 -16 26 -1

prIce def1n.or (1)75-19%.1 1?67 C,e.tant Dollars.

Inc.. k:Jahr.i!..t4ve -ccs.

.A. L'Ilt: 9-20, 7. ?. 1957-1975. Pc!ce D.lta 1957-1970 1,aned on Aeern4e
Per 4 . ; 1 7 1 - 1 17 a,or: 6c r r iu
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3.2 Growth of the Scientific and Technical Jontn,.1 Literature
_

One of the most elusive e;;timates that we hav.: dealt with in this

study is the total number of scientiTic and technical joqnals published in

the world and in the United States. The difficulties encountered with making

these estimates are twofold. First, there is a major question of definitioa

as to what publications should be included or e:.y.ludod in terms of their

scientific and technical content, --.holHrly quality, and peri oc f_ci.:v of pub-

lication. Secondly, many of the e:-.tjm:ites that have Leen made in thc past

are based on available information from existing 111.dings and these data are

not reliable because they do not c.!clude journals that have becoma extinct.

The reason, of course, that they do not purge these journal titles from their

lists is that the lists serve as a reference tool. In order to cope with the

definitional difficulties encountered with making estimates of the number of

journals, we present two estimates of scientific and technical journals pub-

lished in the United States. Thc first is a narrow definition that includes

only scholarly journals and the other is all-inclusive.

The next two sections provide estimates of the number of scientific

and technical journals 1-...:blished worldwide and in the United States. Further

sections concerning journals deal with the time required to publish journal

articles (3.2.3), and journal distribution methods and prices (3.2.4 - 3.2.8).

3.2.1 Number of Scientific and Technical Journals Published Worldwide

To illustrate the exponential growth of scientific journals, Price (121)

showed the number of journals from approximately'the years 1660 to 2000. He

estimated that there were nearly 50,000 journals in existence by the beginning

of the present century. However, he warned that this fl',ure represents the

total number of journals ever published, and thernrore, also includes those

which have become extinct. He estimated live worldwide journals published in

1963 to be about 30,000.

Bourne (17) , writing in 1962, estimated this population to be in the

range of 30,00o to 35,nri0 titles. Other estimates of 30,000 to 40,000 journals

appear to be based on thc World List,of Scientific_Poriricel.s (154), which

117
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lists approximately 60,000 entries for 1960. However, according to Gottschalk

and Desmond (55), at least. 33 percent of this 1960 figdre consists of deceased

titles. Barr (9 ) feels that .e mortality rate is even higher and that only

about 40 percent of the 1960 figure (i.e., 24,000) represents actual live

titles. In addition to the inclusion of deceased journals, the World List of

Scientific Periodicals reuresents cn -inflated figure because of a loose inter-

pretation of the term "scicntiTic serial". Its definition extends to house

organs, manuals, reviews, p print, research papers, other technical report

literature, and so Therefore, it is probable that the number of live

titles included in the 1960 figure is considerably less than 24,000.

In a study for the Science and Technology Division of the Library

of Congress, published in 1962, Gottschalk and Desmond (55) attempted to pro-

duce an accurate count of scientific and technical periodicals. In defining

"scientific and technical serial" , they tried to be as unrestrictive as

possible. A serial or periodical was defined as "a publication intended to

be continued indefinitely," but they omitted such categories as promotional

literature or house journals, technical report literature, and proceedings

(conferences) of international organizations. Also excluded were cover to

cover translations, publishers' series (which are actually monographs),

administrative reports of organizations, college bulletins (devoid of signi-

ficant scientific and technical content) and other publications considered

of little value to science and technology.

For purposes of the Gottschalk and Desmond study, science and tech

nology comprised the natrral, physical, and engineering sciences. Social

sciences were excluded, but the behavioral science of psychoJogy was included,

and so were some borderline subjects. For example, a journal covering the

historical aspects of anthropology was excluded, but a journal devoted to

anthropology %.:as included.

To conduct their census, Gottschalk and Desmond decided to comb the

most comprehensive and recent serial listings of each country for current

titles. For the United States they covered:

In keeping with the writings of other authors and those mentioned in this

section, the term "serial" will be used interchangeably with "periodical"

throughout this discuion.
(i 7
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Ayers Directory

Mont,hly Cntaloz of Upj.ted rovy.rome,It. Publications,

MonthlyChecklist of State Publications, and

Scier ific and Technic,i1 Societies nf the United States
_

nnd C.nada.
-

Gottschalk and Desmond identified the main publishing countries of

scientific and technical periodicals in

United States

1961 as:

6200 titles.

Germany (East and West) 3500

Japan 2800

France 2800

USSR 2200

United Kingdom 2200

World 35000 + 10%

Six years after the Gottschalk and Desmond census, K. P. Barr of

the then National Lending Library (NLL) wrote an article (9 ) contesting the

"Worldwide Census" figure of 35,000. Barr suggested that a more realistic

figure was 26,000 titles. This estimate was based on the number of journals

"currently received or on order" by the National Lending Library in Great

Britain, whose goal is to collect all periodicals "which contain at any time

matter of interest to practicing scientists and technologists."

Like Gottschalk and Desmond, the NLL defined a serial as a "publi-

cation to be continued indefinitely." They also defined science and tech-

nology as comprising the natural, physical, and engineering sciences and

borderline subjects; the only real difference being that the NLL covered only

experimental psychology, and therefore, may have had feer psychology titles

than the "Worldwide Census". This was offset, howr,ver, by .the fact that the

NLL covers cert 'n aspects of management, busines,; methods, and economics.

In his 1967 article, Barr stated that the NLL excluded only two of

the eategnries which were excluded in tile Gottschnll, and Desmond report,

house journah: 111C, publishers' series. Nevertheless, the NLI, had a lower

coveray;o of titles than the "Worldwide Cen2ns" indicatio::, that the higher

1M
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fipyre cannot he nu c.. to coverin a larger field. By the end of 1965, the NLL

nad 22,6") titles currently recel.ved and about 3,600 on o 'er for a total of

26,209 Th;s figure is coniderably under the "Worldwide Cenuus"

figure of 35,00.

In 1971, the NLL Review (147) reported 36,599 titles received and

another 3,668 on order fol a total of 40,267 journal titles published world-

wide. By this time the counts included'social science publications which had

been c.:cluded in the 1967 figures. The total number of publications reported

for the United States was 8,006 titles which included 7,285 titles currently

reccived and 721 titles on order.

According to an article appearing in the September/October 1975

issue of the UNESCO Bulletin (38), the British Library 'Lending Division (BLLD),

formerly the NLL, now collects material worldwide from the following categories:

all significant serials in all subjects and languages
(44,000 titles currently received)

o all significant English language monographs
(55,000 volumes per year)

e report literature from over 90 countries
(over one million reports in total currently
held mostly in microfiche)

e all types of conference proceedings and symposia,
includin tho:: which appear in serial form
(about 9,000 per year).

Judging from the August 1971 table of serial titles currently re-

ceived and on order by the NLL, the last three mentioned categories are ex-

eluded from the "all significant serials" total of 44,000.
*

*
Thi observation appears to conflict with the exclusion categories stated

in Barr's 1967 article. The figures listed in the 1965 table of serial

titles in the rrLc1. 11) :;oem to conflict with Barr's exclusion

cate,or7.2s, iudicntin 'hal in reality the NLL does exclude basically tbe

sao 'r scri711 totals as did Gottschalk and Desond.
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Thcy..! is another, f:nri-..h.; serve a

check YA 1 qt';i; Tho of t_11(..-; li:;tcd in ltALflr.:

natio (11C.') frGA 28,000 196 to 55,000
.

197/4, a ni 96 pc.i.c..n! Do; .io7, or ..?ni Averal.,n ;Annual

growth of 8.0 p .!rcen . Ev.1! nctory to bk_. incomplete,

and not r..stricted to Ow .
Cle directory is pre-

sumsh1:7 a resf;oliable rorleyt:lo,-: cl ,r in tha unr.bor of periodicals

avoilaLle.

ILl

In 1970, hoycver, a cf the National Academy of Sciences (59)

estimated thc: current birth cato or joulnals to be about 2.5 percent a

year, althouLh this wss thonght t" a "slight" underestimate. At that time

the birth rate ei new ab:-.ut 8 pere:snt a year, was

found to 7-uch ; ::L1) 1-L: of non2rofit journals (about 1.4

percont). LI 1, dci,ible so that th:.: rate of increase

in the mr!,bor of journals the soma as tha birth rate.

Price, writ:102: in 1961 C:1), repo:7ted a doubling of number Of

journals over a tine of ah()ut 15 yc, ti)at this rate of growth had been

remarl:ahly constant ror rate of 15 years represents a

growth rate of about 5 percent a

Clearly there is a wide d beneon growth of periodicals

as reflected by the holdin of NU, Co: lists ef Ulrich, on the one band,

and the estimates of Price z,nd Acacloy of Sciences (NAS) on thc

other. The Price comp,.nrd ,..-,royth A a o7 5 percent a year if, equivalent to

about onc half or Lilo In Cle NAS and Ulrich fi-ores.-

Furt-hc,r ch!tr: oo thc ovolnL'n or r-cieree journols are available in

two pidlleations or the Tntru;:i Ce;ucil. of Scientific Unjons (TCSU) (63, 128).

The ':(.:A! for the ea!:.r.,. 1')10 196U, --lugf-..,ests on averav,e annu11

rate a ,rowil of ahot.t 12 1'c.4-_...n! the pltys-ical sciences and about

5.5 p,. ;, year I i7;,,1 WI

1
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3.2.2 Number of Scientific and Technical Jourhrdo Published in the
. . _ _ . _

United States

There is ,ome evidence in the literature concerning the amazing

growth of the number of journals in the United SLates over its history. The

National Science Foundation (98) gives the picture of this growth up to 1959

based on a sample of journals. If we apply our observations of growth since

1960 as derived.later in this section, t complete picture up to date appears

as shown in Figure 3.8.

Figure 3.8 GROWTH or u. S. JOURNALS

too

sop-

400

M0

100 -

o *
I P 9 49 Sir .FIV 10,/ 9T/ 1;/ 4/1 911

V rr

VA.,
VaLorm

501111CF: 19,1091 Sr 0,4 r I
A..491, 191.4.

144Yet LI, Irtt Centre tnt tt ..r rt, r

A time series model wns fit to this curve to forecast into the

future. The equation used, as shown in Fiti:e 3.8, was the following:
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where:

Y = 3.19 - 2.06X + .172X
3

.002X
4

Y is the estimated linmhr of U. S. S&T journals

X is the year (1 is 1849, 2 is 1859, . . .)

This grouth based on this curve appears to be dampening out somewhot. For

example, the increase over ten years at the turn of the Century was 91 per-

cent, in 1950 the increase was "3 percent and in 1930 it is projected to be

22 percent. Derek de Solla Price (124) emphasizes that this is to ba expected

in developed countries such as the United States, in fact he has demonstrated

a high correlation between growth of developing countCes (as measured by

electrical power) and scientific output as measured by scientific and techncal

journals. Thus, one can reasonably predict by this means the growth of

science and scientific output of deyeloping countries as well as the more

highly developed countries.

For recent years, we have chosen to present two estimates of the

number of scientific and technical journals published in the United States

The first estimate is based on the broad definition of scientific and techni-

cal journals as applied by the British National Lending Library (now called

BLLD). The second estimate is based on a narrower definition of serials used

by the Indiana University Graduate Library School in a 1974 study (48) con-

ducted for the National Science Foundation. The Indiana University study

covered only scholarly journals in pure sciences, applied sciences, humanities

and social 'sciences. In all of our estimates we have excluded the humanities

journals. Other exclusions involve trade jo:rnals, government publications,

secondary journals and all other serials not defined as scholarly journals.

A precise definition of theit basis for inclusion and exclusion is given in

Appendix IV.

According to our broad definition of scientific and technical

journals, estimates for the numbers of scientific and technical journals pub-

lished worldide, inclHding in the United States, aro given in Table 3.10. We

I i 2
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were told thht the Gottchhlk and Desmond figures included some extinct publi-

cations and that this was estimated to be about 33 percent of the total.

Thus, this estimate was used for 1961. In 1963 through 1974, BLLD data ere

used for the number of worldwide journals that were published. The proportion

of U. S. titles in 1971 was 19.1 or 8,020 journals. Because this figure

includes social science journals not include earlier and excludes the humani-

ties journals added later, we used it as the b sis of our U. S. estimates.

Separate growth rates for social sciences and t remainder of the sciences

were then derived from a Bath University study (41) and our journal tracking

study. These rates were applied to the 1971 figure to obtain the estimates

presented in Table 3.11. As shown, the increase in the number of U. S. journals

between 1960 and 1974 was 33.5 percent, equivalent to an average annual in-

crease of 2.1 percent.

In 1973 or 1974, the Indi University study identified 2,563
1

scholarly journals. We carefully scanned thei list and deleted the scholarly

humanities-journals and some others to arrive
,

at 1,945 scholarly scientific

and technical journals. A sample of 191 of these journals were then tracked

back to 1962 to identify journal births during the period. We then took a

sample of 178 of the journals from Ulrich's or New Serial Titles (134) listing in
**

1962. These titles were tracked forward to determine death rates. From

these observations we wore able to estimate rates of change within each of
* * *

the nine fields of science.

By the process,stated above, estimates of the number of scholarly

scientific and technical journals published in the United Stites were found.

These estimates are shown in Teble 3.11. The results were extended to 1980

using a linear regression model based on the number of scientists and engi-

neers. (See Figure 3.9). The estimated number of journal titles increased

by about 46 percent over the period from 1960 to 1974. This increase yields

an annual average of 2.6 pe-rcent increase. The five year increases appear

fairly constant Over the entire twenty year period.

J. *

Changes in tities wore norconsidered a birth, but a journal that split
into two journal--; wa; considered birth or one of thetl.

A meQui of- two journals w:is conF.ilered to he a deavh nf one oF tlic

* *
journals.

IL is noted that the birth and cketh of the same jouriwil between 19C2
am: 197.'1 would not haw: hecn nb,1.1.,,Al by using our procedure.
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Table 3.10: ESTIMATES OF THE NUMBER OF SCIENTIFIC AND
TECHNICAL JOURNALS PUBLISHED WORLDWIDE AND

IN THE UNITED STATES: 1960-1974

Year of
Publication

No. of Journals
Worldwidel

No. of Journals
U.S.2

1960 . . 18,800 6,335

1961 . . 23,600 6,465

1962 . . 23,100 6,614

1963 . . 26,462 6,780

1964 . . 25,573 6,950

1965 . . 26,235 7,120

1966 . . 30,110 7,290

1967 . . 34,594 7,500

1968 . . 37,182 7,670

1969 . . 39,674 7,830

1970 . . 40,431 7,920

1971 . . 41,930 8,020

1972 . . 44,676 8,170

1973 . . 47,657 8,330

1974 . . 49,440 8,460

SOURCES:
1
1961: Gottschalk, C.M. and Desmond, W.F.. "Worldwide Census

of Science and Technology Serials." American Documentation,

14:3 (July 1963).

2

1963-1974: Line, Maurice B. and Wood, D.N.. "The Effect of a
Large-Scale Photocopying Service on Journal Sales." Journal of

Documentation (scheduled for publication).

1971: Davey, J.S. and Smith, E.S.. "The Overseas Services of

the British Library Lending Division." Uneco Bulletin 29:5
(September-October 1975).

Market Fncts, Inc., Center For QuantitntIve Sciences.
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Table 3.11 ESTINAlS or !.J:!:k11AFLV SCIEjTIFIC

AND TECHNICAL .;j=L 1 iT.J PEnl:'11:1..1 TN THE

UNITLD STATL: 196-1980

Year JOI'L s

1960 . 1,492

1961 .
1,520

1962 1,553

1963 1,591

1964 1,628

1965 1,667

1966 1,702

1967 1,752

1968 1,787

1969 1,823

1970 1,837

1971 1,856

1972 1,887

1973 1,919

1974 1,945

1975

1976

1977

1978

1979

1980

1960-65

1965-70

1970-75

1975-80

PERCiNT CFAN'7:

1,980

2,013

2,041

2,074

2,106

2,140

12

10

8

8

*

Market Facl.s, fcr

Sciences.

SOURCE: Jojr ci 1cct Facts,
Inc., Ccnter far C tlt.;t;,.e Scicnc..s.
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Figure 3.9 NUNeER OF u. S. S&T SCNOUUY JnoRAL AS A ru!TTlo:1 OF NUR OF
SCIENTISTS AND ENCINEEt6

lsoo

140

1500

Numbe: :A.k; and Engineers
.ands)

2000

SOURCE; M.12-)!Ct Facts, Inc.. Cenr.it r ior O;Lantitative Sciences.

The Indiana University study estimated the growth in nnmber of

scholarly journals to be 8.3 percent from 1969 to 1973. This comes to an

average of 2 percent per year. Our es,Amate for the corresponding time period

is 5.3 percet: or 1.3 percent per year. It is noted that the percentage in

crease from 1965 to 1974 of the broadly defined serials is 19 percent and the

corresponding Increase for the scholarly journals is 17 percent.

Again based on our Journal Tracking Survey, the estimated number of

journals and articles published in the nine fields of science is given in

Table 3.12. The number of journals published in 1960, 1961 and 1975 through

1980 was found by time series analysis. The totals were adjusted to sum to

the forecast number of journals shown in Table 3.12, Journal growth by field

is depicted in Figure 3.10.

The figures show a dampening out in the number or journals in the

U. S.. This appeare to be c :e to both a similar phr:nomenon occurring in the

number of scientists and engineers and also to the fact that more articles

are being published pel journal. To isolate these frlctors, we feel it is

be!-;i to (2
no:!;!,cr of artiel ee pul)1111ed as our priTelry steti:-.tical indi

cator of scientific aed technical joernal communication. Article rather than
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Table 3.12 NUMBER or JOURNALS, JOURNAL ARTICLES, AND ART1,_:LES PER
JOURNAL, BY FIELD OF SCIENCE: 1960-1980

rtem 1950 1961 1962 15A3 155 1555 1965 1957 196 1965 1970 1971

Physical Sciences
Journa1* 59 70 73 75 77 80 83 89 95 /08 116 122 121
Articles .,995 10,500 10,950 11,489 11,528 12,598 13,549 14,972 15,981 16,397 17,2.25 18,573 19,463
Artic1es/lc,rnal 147 150 150 153 155 139 164 167 163 152 L49 153 161

Mathematics
Journals 32 33 34 35 36 38 2C 40 42 43 44 45 46
Articles 7,920 2,046 2,129 2,257 2,519 2,853 3,1E' 3,484 3,744 3,9$5 4,155 4,244 4,205
Articles/Journal 60 62 63 54 ,0 75 62 87 89 93 94 96 91

Computer Sciences 6
Engineering

Journals 15 16 16 17 18 18 20 21 22 22 22 23
Articles 450 512 524 521 718 760 76e 792 351 5:9 1,016 1,091 :.,105
Articles/Journal 30 32 24 35 40 42 40 40 40 42 50 48

Environmental
Sciences

journals 31 32 33 34 35 36 37 39 40 41 42 42 43
Articles 961 1,024 1,093 1,177 1,416 1,775 2,456 3,421 4,155 4,34 4,052 3,781 3,554
Articles/Joorn:1 31 32 33 35 40 49 66 c8 104 105 95 90 93

Engineering
Journals 250 250 251 251 251 2:10 250 251 249 7.43 234 227 227
Articles 14,500 15,000 15,290 15,504 17,011 16,163 19,154 19,910 20,342 2,%203 20,350 21260 21,761
lracles/Journia 58 60 61 53 58 73 77 79 82 83 87 94 96

Life Sciences
Journals 577 586 580 537 592 599 606 617 627 '131 534 636 639
Articles 65,774 67,160 65,531 65,719 64,567 6o,730 69.1',3 69,393 68,853 59,:.'::8 71,502 74,014 72,866
Articles/joUrnal 114 115 115 112 109 111 114 112 110 110 113 116 114

Psychology
Journals 47 51 55 sa 62 66 69 73 78 32 86 90 93
Articles 3,102 3,365 3,647 3,758 3,877 4,077 4,254 4,354 4,431 4,623 4,641 4,394 4,975
Articles/Journal 55 66 66 55 62 62 62 60 57 56 56 54 54

Social Sciences
Journals 498 514 519 533 546 560 573 592 613 627 538 649 657

Articles 14,197 14,740 14,544 15,532 15,701 14,655 13,326 14,544 16,057 16,559 16,212 15,726 15,387
Articles/Journal 28 29 28 29 29 26 24 25 26 26 25 24 23

Other Scl,nces
Journal, 46 46 46 47 47 48 48 49 49 49 49 49 49

Articles 3,035 3,025 3,C22 2,530 3,124 3,104 3,538 3,945 4,444 4,938 5,395 5.755 5.063
Articles/Jcurnal 66 55 C6 64 67 66 74 SO 91 101 110 117 124

TOTAL All Sciences
Journals 1,492 1,520 1,553 1,591 19 1.667 1,702 1,752 1,797 1,623 1,937 1.655 1,867
Acticles 105,932 107,520 1C .,550 111,551 115,2C, 120,461 126,34? 131,703 135,596 137,545 140,592 15,5 147,152
Articles/Journal 71 71 71 70 72 74 -g 75 75 76 78 78

129
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-21)1c 3.12 (cont.) MEER OF JOURNALS, JOURNAL ARTICLES, AND ARTICLES PER

JOURNAL, LY FIELD OF SCIENCE: 1960-1930

rercent Chnnge

11vm
1

1911 1974 1915 1914 1977 1970 1979 1990 1968-65 !9f6-7u 010-79

Phys1cn1 Sclencen

louninIn 124 125 131 120 144 149 152 157 18 45 15

Ardele4 19,402 18,035 20,300 21,009 21,740 22,150 23,099 23,810 27 36 18

4r/1c-1r-1/Journal , 157 151 155 157 156 140 16) 165 8 -6 4

HAI honAl 11-1

jouNall 47 43 51 51 51 52 51 55 18 14 15

ArHelru 4,107 4,063 3,751 3,004 3,519 3,572 3,586 3,670 49 46 -10

01 05 74 75 69 69 68 61 25 25 -21

Cmpoer Sekneen I

re-,116,0r1nr,

low-1113 74 24 76 76 27 70 28 20 70 22 10

Artklm 1,00 1,015 1,129 1,157 1,174 1,191 1,220 1,243 69 14 11

ArHeler/Joutnnl 45 45 41 44 44 41 44 44 40 9 -7

Findrowitell

Scleucel

Ynwnilu 44 45 41 47 a 46 49 50 M U 17

3,359 1,214 4,551 4,160 4,991 5,205 5,426 5,676 os rv 12

/rnler/Journal 16

7.'6

13

225

97

210

102

7,1

104

772

k;,"

772

111

777

113

221

5:1

0

,;(,

1

1

-1

!,1 22,231 27,4 II 23,014 21,016 24,,.:A 24,e,91 74,1,Y1 77,4231? 71 32 11

1,14-1/2,nunn loo 1! I 119 124 26 19 16

LIfo

Imrn11) (46 650 669 661 661 6;4 6157 6310
4 6 6

Ar11(log 74,0(2 77,851 73,0:1 25,160 76,790 77,196 78.151 29,12r 1 7 3

ArtIcleq.106mAl 115 1)1 110 114 117 HI 117 117 -1 -1

J,,,Irrn19 96 99 105 101 110 WI 137 121 40 30 :11

Articicl 5,242 5,551 5,711 5,054 5,31 6,151 6,211 6,453 31 19 18

4rtk3eqjournA1 55 56 54 55 54 54 55 51 11 -4

50-1 Sekucel

3o6railu 670 679 702 709 771 730 751 765
14 10

Arlelvl 15,514 15,821 16,141 16,051 15 ;1;1 16,119 16,193 16,454 fl

31 ttlelt5ljournn1 23 21 23 71 21 22 21 21

SOrnees

InurNAM 50 50 52 5! 50 51 51 51 4 2 6

ArtItIvg 6,04 6,6131 6,416 7,118 7,509 1,825 8,162 8,461 5 49 2/

i-L1c1e0/Journal , 129 133 .111 141 150 13 160 184 0 46 19

1

10151d. All Stk.-leen

lourna1R 1,919 1,945 7,011 2,011 2,041 2,074 2,106 2,116 12 M M

Article!, 150,311 150,572 155,116 152,1141 161,795 145,312 168,110 177,140 14 U W

Artkleg/Jourral 78 71 10 19 79 00 80 81 1 5 3

197540

18

17

6

1 ,

2

6

74

II,

I

)

2

-2

n
21

6

H
4

Tla: Jotanil Tracklbg Survey, /fillet Factn Inc., Center fe. gortHative Seleumn.
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journol production would seem to he mo closely 1.;ued to the nomher of

scienli.As ond engineer!-;, and our approorh hus th additionol adv n!Loge of

remaini valid under such innovations in puhlishikg as separates and ! aptic

journals.

cieshave obser,ed that the estimated averoge nnmher of a-

published annually in !icholarly jouruol hos incraed somewhit over the

period trom 1960 to 1974. The !t\derne numher of articles per jourual in 1962

was 71; this number increased to 77 iu 1974, which represents an increase of

eight percent. These Hicrcoses arc prohahly due to an attempt on the part of

journals and publi.3hers to reduce publi!-Ihing costs. In the Tndiana University

study, this approac:11 to reducing costs was given by publishers as one of

several approe hes employed b: co eco1 101. Zo.

Som.: -....1ditional evidence G: tb LuLh of number of articles per

journal rat h.. fond in the 1.Ltcra._ure. NAS study of 1970 (59), based

on a samplc of ff-ty curnaln, (.-do!:ted a med on growth rate of about seven

percent a ye,tr ov. ahout a uon ye.ir pclied, a'-hough wide variations from

). nal to ournal ohserv:!: zero growth to ahout 14 percent growth).j

In 1974 Narin and Carpentc !78) pl-sented data on the growth rate, in number

of art :les published, for a samola of 492 larc o heavfly cited journals In

seven ajor scionci.Fic disc.,pIines. These data lnd: , in number

of ari..cles published, of 33.." r percent in saven yea- for the physics

and geoySir:; ,clmllo:15 and -te of o.:.th in the pc,Aiod of 31. 1-2-cent

r the chemisu::; anJ 7etr1111n%,y journals. This repo--!.s,..ts an average annual

growth rate of b,tw,.1 4.0 and 4.2 1,c1c.,n, for these ilrcupc of: jou-P:111:H. The

Nor In and Cnrponter ita do Oct L,-icate Cr it- inu;:d groth in all duric;

the period studied. Tn :ithematicr=;, for eYamp]e, the

number of vners ; .1..ished in med nu t.) 1 11 it th.clined in 1972. Articles

writtn by IS. S. ::t-hors, in .11 f-ie'ck cov,-rcd, 0er-1in:A iP the period 1.921

1972. Althowg .aherr!t-:c::-; c tiic l'ad are hound to occur, in the

long run a regula) gro.Jth t rood Ic any e of jonrnal;;

in anv Hold scionc,.

31
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based ,-)1)

,,,n1aio in 1964 (98),A reporL publ '.11L d on:11, ;:c :11 dt n

A nAmple ,r 25'1 scieni iric r a ri? percent incrcnse

a decade in the num.ott of Artici, p,1 Hhe,' . jeecHal, an average annual

7!'l or Ahoet 4.3 percent over tlp. 0111: entima:v! for the following

Len year pL'iiod (11(,4 - 1974) 1;; UJ s cent ircrease or About 2.7 percent

per year. A:Hiln, in the rsi, study, th.-:e in wide variation from field to

field. The sPple of five LriY,ia: ri grew 154 percent

in the period.

The estimated total number c.)- .-eholarly scientific and technical

articles published in the United Sti-jeH from 1(*'.:,) to 19F,0 is repeated in

Table 3.13. Also given in this tabl are the nurrIber el' Scientists and engi-

neers, their average constant dollar :m1..ries and the researth and development

constant dollar funding levels. It is hyi'othesied that these are related to

the number of articles published.

An average num r of artic7,s written per scientist or engineer is

found 7 dividing the number oF articles ;7ritten by the number of scientists

and en4 -rs for the previous year. was C.one since most of the articles

were a, Aly .:rittr-n about one yenr pryi^ to C:eir being published. Thus,

the average acteilly reflc ;,ra.:!.-:r: year's prodn:..tivIty in terms of

scholarly manuscript:; being wr:Hen by individu7.1 scientists and engir!,ers.

The aver,.,e number nf sc:)el:r7.2 %.,Tritten per scientist Or

engi;,..er shows a fairly steady decline from L950 (0.0964) to 1974 (0.0783).

Another way to 1001: ;It this in .2roductivi'cv is that LI, ,.:ere on the

aver,::,,, 10.9 cci it its or engineeis i-,cholarly article written in 1950

comp.,:. yjtt 1P.2 ,:eientists or on;.,He,rs per :.eholatly article written in

1974. The productivity or sciontint-: engir_Irs varies substentiallv by

field ;:!: will be sho%:n a littic later '

Following th;: .-tHed if the decline i-Hoductivity

cid be related cc :unding. de)llar ihriding levels al.e given

in Table 3.1-1. The::e levels :1 .,,.:b in 1^5S and then dc-

clip, igbt;y tbe litth betw..t.r1
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Tablo 3.13 ESTCXATED Nrnri OF APTICLN5; PLniSnD, NtreInn OF
SCIENT1STS/N61::1:[!;s, AVLNAM: o AKTICLE:3

PUBLISHLD, /VD DEVLI,IWNENT

FUNDM; LEVUS: 1Y60-19

Year_

TotAl ::.1^'Or

of Sc:enz14.,1
U.:Inert,'

Total !:.,,,er

of 1cho14tly
Artt,',..s

Pb11,1hrd
(3C07 _

Aver a ,p `:.r.',,,

uf .',:!,-1..., ..,

Sc 1 ," t 1 1 t : Fa: .

P5'..) tu,,,111-,:,

; c,,,, L. ,nt
,

. .111trt.:1

Y.10 rolJS

frc AS1.

Scirnt:,t/
Fr141,,,r

Averavo Salnr)

ICrn%Lnnt SI
(0,10)

FundlnK/

Salary
Index

1959 . . . 1099

1960 . . . 1159 105.9 .0964 15,427 38.0 10.7 3.55

1961 . . . 1210 10/.') .0931 ,,125 37.4 10.9 3.13

1962 . . 1272 109.9
. 08 17,149 :'.0 11.1 3.32

1963 . . 1366 111.9 .0530 13,755 32.4 11.3 3.33

1964 . 1396 115.3 .0857 20,411 1°.7 11.5 3.39

1965 . . 1442 120.5 .0863 21,310 .!:.. 12.1 3.26

1966 . . . 1701 126.3 .0876 21.594 40.6 12.5 1.05

1967 . . . 1578 131.7 .087! 23,205 39.2 12.8 3.06

1968 . . . 135.6 .6859 13,718 37.7 12.9 3.08

19") . . . 137.7 .0815 13,561 :,.. '3.1 2.98

1970 . . 1797 140.6 .3815 22,6.16 07.' 10.1 2.86

1971 .834 142.7 .0770 22,249 16.7 :1.2 2.78

1972 . 1771 147.2 .003 21,857 10., 2.80

1973 . . . 1923 153.0 .7832 37.5 13.6 2.76

1974 1970 150.6 .0793 35.6 13.3 2.69

1975 . 2319 155.3 .079: : .7.:3 34.5 13.2 2.61

.7.F1 Isn., .0766 21.67 33.1 13.3 2.52

1617
. 21,8 161.7 11,57, 11.5 13.3 1.50

1,;79
. :Is., Ini.) .0223 21. :9 13.2 13.3 2.50

1779 168.8 .0769 33.3 13.2 2.5:

231, 172.1 33.9 13.1 2.06

_

2. 74 -12 3J 4 1) -8

-0 6 -5 8 -12

1970-?i . -3 -4 -8 1 -9

197:-90 . 14
2 -3 -1 -2

,C1,,:141.

113
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the total ('cm!:t t dt)1 1,11 I fund i ! :oh! I. /21(. iv; I y. I t

Lhonit I lint. ;II t vr(.j.
i 1-01.1t1 I ef

per Wd) scien1 it:t or (1)jitc(!r tm! -.1:;, given in T . e 3.13.

The fundin per s(:ientist. or eegiuee,-

P)66 to ,01,,nt $3'1.5 then,,uld in 1.,.`; 5,

averatw cl)(-)larly art jcle

i

Irom about. $/.1).6 thousand in

Hjvely ecatelciLod w;th

Another i portant. consiLb.i. the ;Iverage salary p:')-

scientist/engineer increased 6t a ;:-.:;tLa: md t1,1fl the Gross 'Nation'.1 Product.

We felt that this factor acceun s fr e r7 Cyr; im:rease in funding levels

and should be inLluded iu our caleu.Lliers. Therefin.e, as an index, average

funding level wa:; divided by averae Th re 1 t 1 ;.;hip of ',lin average_

scholarly article pioductivity and C;.. fundisalary index is shou in

Figh,, 3.11. This relationship sugtests thac greater fundiuL; per scientist

does, irn:eed, have a slightly favorable effect on scientific productivity as

measured by number of scholarly articles written.

Figure 3.11 U. S. S&T SCHOI,AM JO; =J., A7FICLES PFR SclEilsT El:diNEfl

S A -1.--GCTION OF (U.c(;ED 1'.:0 Y1

0911

;011Z CV:

Y - 1. 31 a ..1.17>11X

.93

3. 5

Even t
t:n f tme ion

of :11)". H tho

1

we

or ,...,c1.01,11- lv



www.manaraa.com

artieles to be publirhed in IhL sime thin covariate provid( a

ei!.e cliklaIe. The fuodirp,,, level covari,oe is, itself, difficult to forecast,

so il is not ;,,00d h, Ilse for forecastinv,. On the other hand,

we live y, oil foroe sts of the nur,hflr of ientisN. and enp,ineers throur,h 1980.

The ve1:11 iow.h ip het .,:een te; nhcd ;Itid he In17.tIn't- ol f';(' I in t- :c;N:

and en ini.ors in Fir,ure 3.]:).. This can he expres.scd as:

UIW[C:

/\
- 39.8 V.6Y

r\
is the csti..,;ittd numhc!r of seientif:c and technical

scholarly articles (in thousands)

X is the number of scientists and ergineers legged one
year (in Ndllions).

It is Loted that this relationship is solLewh;:t sisH-inns in the sense that it

mplies th.7.t if there wore no scientists or engineors there would be 39,E90

art:cies written. Despite this deficiency of the model, we fe 1 that the

relation,;hip from 1960 to 1r-4 is so well defined by the 7,,,o7o1 that it serve

as an excellent m lns to forecast over a silrt range of time to 1980.

Projections of articles in I-Id-Ividual fields 1,:,co in :umer,-.1 :,cade

in 'he samc r.:anaer as those for tot,1 articles ¶cs:ircg the nurlher or scientists

cni;inoers 'n t-he Field. For Cemnuter s,ciences and Other Sciences,

icimbers of cc at i,-;ts wer._.: not n,.tailahle so pro:eC,.Ions were based solely on

tim For athematies, it was found that the nir.-:h!'r of Ph.1)'s. was a better

predicror of nrticle! . h nits ohtair -.tore good for all fields, with

tue crrelation coefficion[ rasOng .89 for the Env. -onmontal Sciences

to 0.99 fr the Physi,:al Sciences. T' mr of articles in each field,

pro;(...L.,,d to 10P,h, is pictured in Fir 3.13.

ce,-1 to Pur.,1 s OUr Ast fel es
_

Delv in anv !-iee is nor..11. 1Zevisions,

ic!-, pre ir.,tt inn, and puhl 11 cunt rihote to c: de

I the ! .,n art 1 the ti a-pc I,: n -!ri Tit This
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,L.re 3J2 NMER OF U. S. SCOLARLY SCIENTIFIC AND TUCENTOAL

AUICLES AS A T1'NCT1ON Of' SCIENTISTS AND ENGINF17,S

1 n

100 _

1.0 1,2, 1. 4 1,6 1.8

, Numbor of Scien: ts and Engineers (Millions)

SVRCE: Marlet Fact .c. , Center for Quantitative Sciences

2,0
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1:1,..;ti rt. 3. 13 tc!:':11'.1:1 Or U. S. .1. 5CrilV1,1' CV' "d, ',Irr C1.1.;;; 11 1,1,!)

SC f ENCE: 1960-1980

CON11`1.1 I 1-1(

SC11:::CE

240

,

SOCIAL.
SCIENCL'.1

,

1960 t5 70 75 80 1960 65 76) 75 60 19(0 65

12 -

10 .

8

-

4 -

2 -

0
1 f-r-1-1 1'1 r'

70 ,
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i

Year

LIFE
SCIENCES

1460 65 70 75
Year
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S.

4-

2J

1

75
Yea r

SOURCE: 3. 1.2.
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Year
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1960 6;
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is a special concern in scientific and technical publishing due to the rapid

obsolescence of tnformation.

Data were collected in the Jote-J I Tracking Survey to measure trends

in publishing lags. The date a sampled rricle was first received by the

journal was recorded whenever this date was given by the jo-rnal. The difference

between date of receipt and date of pul_ication was converted into months, and

an average publishing lag was calculated for each field of science and each

year of publication. It is recegnized that the publishing lags do not giv,

any indication of time consumed by rejection and resubmission of articles; be-

cause of rhis, they should be treated only as lower bounds for estimating actual

publishing lags.

The average publishing lag, when all years and fields of science are

considere,:, is 9.3 months. When an average lag for each year is calculated,

combinir all fields, little change over Lime is observed (see bottom row of

Table 3.14). When individual fields are examined for trends, however, ditfr-

ences among fields appear. Generally, Physical Sciences journals have the shortest

reported publishing lag while Mathemtics and S'-atistics iournals have the longest.

Publishing lags for in vidual fields are displayed in Figure 3.14,

with an av. L',e publishing lag all fields shown for comparison, It in

apparent that there was no s7:,nificant decrease overall in publishing lags between

1962 nnd 1974, although Engineering, P!,-ychology and 1,-L'e Sciences show a slight

decrease to 1970 and t' .n a veiling clf or incree. The Fields with the most

consistent increases in publ' ,Ing lags are nhysical Sciences, Environm,:mtal

Sciences, Copn' - 7cie:Ices, and Othcr Scieces The fields experienced ti,e

greatest ;ercent.,y inc n in number of :3rticles published 1- 'tween 1962 and 19?:,

(syy T1ui 3.12). His suggests thrlt article ieer 1(.- may have been outstrppmg

journal capacity in those fields.

3.2.4 Distribution Price of 1 ; Tour uii T. t (: r;t inre

Dietrihurion jo-rnils by but ?-1 time nun:7,(1 of- sub!: ( p-

lions r-0 journ:ils and Ly the ne-lber ol repriats s, , out by various means.

This sec!ic!n dmucion nih l sch;:fl,arly cciOii tilic and tecHlical

journal', in the rni,o St-tes, whil,

of ,.cholarly journal:; t. foreigr meie r

s ihuc m I hr r:, lnd di,;Lv

,

.:c:itr ct I mn ia 1 wi t 1 di !-; t r I ho L ion

H!,;1: utinnfl7 Jmd
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Tat)1 I /4 Plird,1,-;11.1.;',(7 LAC., 1;1' 1'1E1.1) OF SCIVNC.1.1 (Tij.

Held of
Scienrc 1962 1963 1964 1965 1966 1967

11 11.1111,111!%,)

1968 1969 1970

-------

1972

---

19731971

1. 1'71,(.'71 6.2 4.3 2.5 4.9 7.3 6.1 4.9 7.0 9.2 i' 3

^

7.5 . 7

Sc1:27 (5.2)
_

(3.9) (6.1) (6.0) (8.2) (7.8) ;7.5)

14.7 13.7 15.6 15.2Math, it1c4 14.0 13.8 13.7 13.9 14.2 14.4 12.7 14.1 1,7 .2

St./0.1,,t.i., (13.9) (13.8) (14.2) (14.3) (13.5) (14.9)

.orp6(..- 6.8 6.9 7.1 7.4 7.8 8.6 9.5 11:7

___-

1 i.O

__-

13.7 13.6 15.. . 0

scienceq (6.8) (7.1) (7.9) (9.9) (11.1) (14.3) 16.7)
- -

8.4 8.8 8.7 9.4 ..4. Env 11011...,1 '11 6.9 6.8 6.7 7.3 8.0 8.6 9.0 8.4

Sc 1 en .c (6.9) (7.9) (3.6) (8.8) (9.1) (8.6)

5.

. .

Fnp.1no. (Inc 8.1 8.2 8.4 8.6 8.8 8.5 8.3 8.0 7.7 8.4 9.2 8.9 8.6

(8.1) (1.4) (8.6) (8.)) (8.0) (6.8) (8.7)

6. Life 11.8 11.0 10.1 11.1 12.0 11.0 10.1 9.1 11.2 8.6 9.0 9.7 10.5
ScI(.4w, (11.4) (10.8) (11.4)

_
(1(.1) (8.6) (9.1) (13.1)

7. P9ycho1ok.:y 10.4 8.9 7.5 8.: 8.5 8.2 6.9 5.7 6.5 7.3 7.6 7.9

(9.6, (8.2) (8.5) (7.9) (6.4) (7.1) (7.7)

8. Social 7.9 6.4 6.1 5.9 6.0 c.2 7.6 9.4 9.7 8.3 7.0

ScIelicea (8.7. (6.8) (6.6) (8.7) (9.1) .(7.6)

9. OtIm7 6. 8.0 9.: 9.2 9.1 10.0 10.9 10.6 10.5 11.2 12.0 13.1 14.2
Seienro, (7.1) (8.9) (9.4) (10.5) (11'. ;) (12.1) (1 6)

--
ALL 1.1E7 0!: 10.3 9.6 8.9 9.6 10.3 9.6 9.0 8.6 8.3 8.7 9.1 9.2 5.4

(9.9) (9.4) (9.8) !9.1) (8.5) (9.0) ( .3)

-
Odd- 1.! y . I T
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Our sulnxription data are based on a nnu-candom namplo of journal!:

for 1:1u teh wc could ohiain some indiction or ti%:Fli!:: L(41.:con 1962 and 1974.

Sources included the 'Indiana Universily sludy (.12) c.nd pub1i:-;h:.d reports by

such groups as

be traced over

the American Chemical. Society. Since few journals could

the entire period or interest, oul- e;dculationa were made

indirectly. We first selected 1972 as our base and c-itablished an average

number of subscriptions for large and small journala In that year. Growth

rntim.; were then calculated for too year periods usilT all available data and

applied to the 1972 figures. Renults for the interm.:diate years were ob-

tained by linec:r interpolation. The ratc-s of cna n:-;ed are shown in Table

3.15, and the subscription numbers calculated iu Trbie 3.16.

Table 3.15 OBSERVED RATES OF INCREASE IN YU'MER OF SUBSCRIPTIONS

FOR LARGE AND SMALL JOURNALS: 1961-1974

(Percent Change)

Years of Change

Large Small All

Journals Journals Journals

1961/62 - 19C3/64 . 5.20 10.68 7.39

1963/64 - 1965/66 . 7.79 8.95 8.21

1965/66 - 1967/68 . 10.48 8.99 9.96

1967/68 - 1969/70 . 6.71 4.31 5.98

1969/70 1971/72 .
2.37 1.51 1.98

1971/72 - 1973/74 . 1.52 1.89 1.66

SOURCE: Market Facts, Inc., Center for OwIntitative Sciences.

In 1972 the average number of subscriptions was about 32,000 for

large journals, 3,900 for small journals and 7,700 for all journals combined.

Applying our observed rates of change as described above yielded estimates

of 5,591 suln,..,7r:ptions per jouraal in 1962 sud 7,S50 in 1974. This repre-

sents a 2962 74 inereaF:e of 40 percent, equivalent to an average annual

increase of. 2. orcent.
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Table 3.16 FEJTMATYD AVErf:F. OF SUCRIPT1MS FOIZ
1,AW;E /1.1) snALL jOI!:,LS AND TOTAL SUP,CNTTfONS:

1960-1980

Year

Averav Nw.:.er c.:7 S'::-.crion!;

1

TotaI
Subncv!ptions

Laree ..I.,Irpals F:7:,1 .':-..:-11,..

1960 21,686 2,299 4,7En 7,141

1961 21,750 2,570 5,152 7,831

1962 . . 23,450 2,772 5,591 8,683

1963 . 24,059 2,920 5,797 9,223

1964 . . 24,669 3,068 6,004 9,775

1965 . . 25,630 3,206 6,251 10,420

1966 26,591 3,343 6,497 11,058

1967 . . 27,985 3,494 6,821 11,950

1968 . . 29,378 3,644 7,145 12,768

1!.69 30,363 3,722 7,358 13,414

1970 31,349 3,801 7,572 13,910

1971 31,720 3,829 7,647 14,193

1972 . 32,092 3,858 7,722 14,571

1973 . 32,336 3,894 7,786 14,941

1974 32,580 3,931 7,850 15,268

PROJEC:IONS

1975 8,152 16,160

1976 8,301 16,710

1977 8,466 17,280

1978 8,607 17,850

1979 8,751 18,450

1980 8,897 19,040

PEACE::: CHANCE

1960-65 . 18 39 31 46

1965-70 . 22 19 21 33

1970-75 .
a 16

1975-80 . 9
18

SOURCE: MarKct Facts, Inc., Cen!er f:r ant.tativc Sziences.

1 9
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Multiplying the estim.,ted number of subscriptions por journal by

the nui,.ber of journnls in eech yenr results in estimates of Ole total number

of journal subr:criptious. These figures are also shown in Table 3.16. Projec-

tions of total subsriptiona wero based on the relationship between number of

subscriptions and number of scientists and engineers, and indiente a continued

growth in the number of sobseriptions to a 1980 figure of about 19,000. rio

jccIjons of t_11,2 average number of subscriptions per journal were calculated

from our projectio of to :al. subscriptions nnd number of journals.

Distribution and Price to Foreign Subscriber

We had only 18 observations of journals in which foreign subscribers

were indicated. Thus, we chose to use the Indiana University subscription

data, covering 148 journals, even though their data is probably biased due to

a low response rate (12 percent). The proportion of foreign subscriptions to

the total for various types of publishers, as identified by the Indiana study,

is shown in Table 3.17. The weighted average for all !ournals ranges from

i,ercent foreign subscribers in 1969 to 23.0 percent in 1973.

From our limited subscription data bk to 1962, we established the

proportion of foreign subscribers to the total to be about one-half that of

the Indiana University study using this relationship, we estimated the pro-

portions back to 1960. These results, along with the actual number of foreign

subscribers and the foreign subscription price, are shown in Table 3.18.

Projections of the number of foreign subscribers are tbe difference

between projections made of all subscribers and those of domestic subscribers.

The results show a sliglit decrease in the proporon of foreign subscribers

over the 1975 1980 period, and a levelling off of the actual number of st

scribers. Average foreign subscription prices have increased substantially in

current dollar terms over the entire period of interest, and this trend is

projected to continue. The average price, of course, reflects a wide variety

of prices for different journals in different fields, as suggested by Table

3.19, "Es;imated Price to Foreign Subscriber by Field of Science."

143
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Table 3.17 PRO1'O1'ii ( 1 ,)flErflN SUB.:CPTBil:!.; BY TYPE

OF PUI;LI::;R: 1969, 1971, 1973

thir!.ber of 1969 1971 1973

Typo of Pub1isLr Jc.t.:IM (Z)

Corerc3a] 645 41.2 42.9 44.1

Society . 1,073 12.2 13.4 14.4

University Press 127 16.0 22.8 25.7

Other Not-for-Profit . . 614 19.2 18.4 15.7

Weighted Total 2,459 21.8 22.9 23.0

SOURCE: Fry, Bernard M. and S. White, "Economics and Interaction of the
Publisher-Library Relationship in the Production and Use of Scholarly
and Research Journals" (NSF GN-41308), Incliana University, November 1975.

195
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Table. 3.18 EST1nTrD,PROPORTION OF SUBSCRIPTIONS DUE
TO FOUICN SUBSCRIBERS AND NWTBFR or

FOREIGN SUBSCRIPTIONS: 1960-190

Yeir

Total
Number of

SobsLribers

(000./

Proportion
of Foreign
Subscribors

(!;)

Total Nurber
of Forcisn
Subscribers

VIOL__

1960 7,141 19.1 1,364

1961 7,831 19.4 1,519

1962 8,683 19.7 1,710

1963 9,223 20.0 1,845

1964 9,775 20.3 1,984

1965 10,420 20.6 2,146

1966 11,058 20.9 2,311

1967 11.950 21.2 2,533

1968 12,768 21.5 2,745

1969 13,414 21.8 2,924

1970 13,910 22.4 3,116

1971 . . . 14,193 22.9 3,250

1972 . . . 14.571 22.9 3,337

1973 14,941 23.0 3,436

1974 . . . 15,268 23.3 3,557

PROJECTIONS

1975 16,160 23.4 3,780

1976 16,710 23.6 3,940

1977 17,280 23.7 4,100

1978 17,850 23.9 4,260

1979 18,450 24.0 4,420

1980 19,040 24.1 4,590

PERCENT CHANCE

1960-65 . 46 8 57

1965-70 . . 33 9 43

1910-75 . /6 4 21

1975-80 . . 18
21

SOURCE: Mar',,...t Facts, Inc., Centcr for Quantiratiue Scicncei.

145

1

Price
to Foreign
Subscribers

(5)

6.01

6.57

8.48

8.38

8.39

8.60

9.33

10.39

11.66

12.82

14.22

15.98

18.23

20.63

21.90

20.74

21.82

22.90

23.98

25.06

26.14

43

45

46
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Table 3.19 ESTIMATED PRICE TO FOREIGN SUBSCRIBERS BY

FIELD OF SCIENCE: 1962-1974

Field of Science 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

Phys1c/11 Sciences . 11.53 12.21 12.68 12,25 15.01 21.85 29.52 33.94 37.16 43.04 47.64 48.90 47.87

Hathellatics

Statigtieg 11.15 ,11.44 11.26 11.52 12.20 12,85 11.69 14,76 15,81 16.00 17.12 18,01 19.44

Computer 9r1,ncen 11,11 11.22 11.95 11.18 14.49 15.10 15.27 14.04 14.00 15,56 10.35 72.37 25.00

Environmental

Sciences 3.66 3.62 4.10 4.72 5.96 1.70 10.63 14.2S 17..50 19.56 20.1) 20,96 21.21

Engineering 1.45 7.86 8.67 9.48 9.92 9.98 10.06 10.54 11.30 11.95 :1.87 1/.18 19.53

Life Scleneeq 10,45 10.03 9.80 10.19 11.46 12.98 14.56 15,95 17.31 19.2 21.45 25.06 21.35

Psychology 7.92 8.33 8,80 8.92 9.06 9,56 10.09 10.27 10.99 12.(0 15,07 19.93 22.16

Social 6ciences 7.94 7.78 7.51 7.28 7.25 7.38 7.85 C.50 9.86 11.76 13.61 14.88 15.22

Other Sciences . 7.2U 7.16 7.01 6.90 7.97 10.18 12.51 17.82 14.85 16.62 18.59 20.03 70.48

Total 8.47 8.38 8.39 8.59 9.32 10.38 11.65 12.81 14.21 15.97 13.23 20.63 21.90

SOURCE: Journal /melting Survey, Market Facto, Inc., Center for gunntitntIve Sciencea.

O.
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3.2.6 Distribution and Price to institutional Subscribers_ . _ _ _ _ _ _ . _ _

As will be seen later, libraries and other institutions serve as a

major source of journal articles to scientists and engineers. Thus the number

of subscriptions held by these organizations is an important indicator of

scientific and technical communication. In order to arrive at these estimates,

the number of foreign subscribers was subtracted from the number of total sub-

scribers to arrive at U. S. subscriptions, and this category was further sub-

divided into individual and institutional subscriptions.

The proportion of institutional subscriptions and individual subscrip-

tions to the total domestic figure came primarily from the Indiana University

study, since that was our best source of data. The median proportion of insti-

tutional subscribers used is given in Table 3.20. The weighted average of the

proportion of institutional subscribers did not vary significantly from 1969 to

1973. Thus, in the absence of better data, we assumed that the proportion would

remain a constant 39 percent over the 1960 to 1974 period. This figure was then

multiplied times total domestic subscriptions in order to estimate total insti-

tutional circulation. Results of these calculations are given in Table 3.21,

along with institutional subscription prices.

In order to project domestic, institutional and individual subscrip-

tions we attempted regression analysis with several independent variables, in-

cluding subscription price, time, and the number of scientists and engineers.

Our results led us to the prediction of domestic and institutional subscriptions

as a function of scientists and engineers. The number of individual subscrip-

tions was then calculated as the difference between these two figures.

The equations used for the projection of domestic and intitutional

subscriptions were:

where:

Y -2.21 + .0072X

is the number of domestic subscriptions (in thousandsj

X is the number of scientists and engineers (in thousands)

1 9 )
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Table 3.20 ESTJMATLO MLD11\ 1: ri::AG;: 01 '1::M"iCiAONAL U1SC1 BERS
WI TYPE O J9, 1,)71, 1973

Type of Publisher
Nurlr
Journal..; (Z)

1971

(%)

1973

(7.)

Commercial 645 56.1 56.5 56.9

Society 1,073 22.6 24.1 25.5

University Press 127 50.4 50.4 53.5

Other Not-fnr-Profit . . 614 50.6 42.0 42.5

Weighted Total 2,459 39.8 38.4 39.4

SOURCE: Fry, 13(1:mard M. end Herbert S. nitc, "Econo-vic:3 and Interactions

of the Publisher-Library ral1ationt;hip in th2 Production and Use of
Scholarly and Research Journals" (NS1:. GI;-4130S), Indiana University,
November, 1975.

where:

Y -.99 .0029X

Y is the number of institutional subscription!4 (in thousonds)

X is the number of scienti and engineers (in thousands)

148
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SubscripLion price Inforo :-)n coil ocLed from journal issues dur-

ing the course of our Journal t ',ono] :_;ubscript ion price, I.e.,
the price a 1 ibrnry mte-t. pay, W:Pc; 0( 0C recorde.l. Not all

journal ,; gave this infortoatier. c_:,p1..cia1 1 y truo of older issues from

the early and middlc l60's. 'I'Ir 1, in actlual insLitutioual subscrip-

tion pr ice was not r;en; inued, t t!.c.d. The
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Figure 3.17 NUMBER OF INSTITUrIc):AL SU3SCRTPTIO.N: 1960-1980
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OM ; 1;; verl Tab1c 3.21 'ill currcnt c'onFltauf

oud ;'re plotti!' in 3.1. The (arrent dollar im.;titutionel

price incrt,;wo 11-00) 1.60 to 1974 1..nr., ?7r) percent.. Ao dif:ced in the nent

section, (1:0 Cori. curren: prTce Increase for individual sub

se)ibors rl col r:iilti 2i porconL.

F5snre 3.18 Avir 1!;;;T 1t r,, riJCE VOR ALL 1960-1980

35

30 r

25

15

10

a.r.

;"zte:31: F:.ce

0

1960 62 64 66 68 ,0 76 75 /30
Thar

SOCACT.: Tante 3.21

The Indioni Uniursity stu:':; results for institutional snbscriptive

prices are someh;:t different fro:n oui Thcir figures are gi ,n in

Table 3.22. Thc prico esLi:.ntcs arc considerobly lower than ours, for

examplo $17.77 in 19-/3 as k.e:1)::resi vith our $27.19. At the same time, their

rate of increosc is sumLvhat gruator -- 44 percent: between 1969 and 1973 com-

pared w;th otnr 37 percent. Anolhcr source, the Purdue Univf2rsity library, re-

ports ;Ivt.Y.,,Ay pricc. or %3..2!, and 5,b0.57 fez the seh,-.1ar1y iourna1s they put-

chascd in 1971 and ]973
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Tabl. 3.22 ESTT:'!ATED AVF°A.CE Lin!ARY SUBSCRIPTION PRICES,
BY TYPE OC tJUBLIc:HER: 1959, 1971, 1973

Total
Number of 1969 1971 1973

Typ2 of Publish:r Journals (S) ($)

Commercial
1

645 18.62 21.68 27.93

Society 1 1073 11.78 13.00 16.26

University Press 1 127 10.24 11.31 14.73

Other Not-for-Profit 1 614 7.21 7.91 ).35

Weighted Average 1
2459 12.35 13.92 17.77

Trackio3 Survey
Estimntes2 19.83 23.30 27.19

SOY.MCE:
1
Fry, 3ornard M. and Tlerbert S. WhiLo, "Ecoacmics and Interaction of the
PubLi5her-L1brary R2lationship in ne ProducUon a...1(1 Use of Scholarly
and Res«.!ar..fn Jourmlis" (NSF GN-4130S), Indiana University, November 1975.

2
Journal Trocking Survey, Market 17.1;.ets Inc., Center for Quantitative
Sciencea.

One reason ro.r low subt;cription p/:Ices found in the Indiana

study rNly be th:?.ir iocAnsion of huwIniti-s rpAls, generAlly lower-priced

ihr):1 in the sci-:Icos. 13y fiold Lhe Tudiana study and the

!ollcc;11 Sni'qc/ are in 3.2i nnq J1e 3,24 respectively,

Au1 ilLa is a.N.o :,igut,1 2.18.

Exclud:.nw, humJnii:ft!.3 z.!te. Ind!ana average sub-

d;kta is sc:mc,,Jhal: h1441;oc, for $1.9.0 in 1073 compared

wLth $17./7 io Lh(2 y(!ar Coe thHe LoLai PcLcus .1re greaLest for

rItin it t,t- ' I :; .:tor !It7 ';);) !4C ;Ind

jonto,.H. ro ::.vidnat in the

2 06
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Table 1.23 E!;IMATED

Field of_Scienfe_____ 1 Number of
Juurn11,4

su.:c:r1n10:: PRICE!: hY FULD OV
1, 1q71, 171

1969 1971 1973

Pure Sciunce
1

473 20.94 23.E 31.46

Applied Science &
Technology' 717 13.37 15.25 19.66

Social Scif_lees1 . 970 8.56 9.51 12.63

Weighted Toi.al . . 2160 12.87 14.55 19.09

Trackin!; Survey
Estimacc.s2 19.83 23.3: 27.19

SOURCE: 'Fry, Bernard M. and Herbert S. 7.1ite, "Econc,rzics and IntnrocLion of the
Publisher-Library UelationsIlip in t:le Product:on aud Use of Scholarly
and Research Journals" (NSF C:7-=.1393), Indiana University, November, 1975.

2
Journal Tracking Survey, :larl:et Feats, Inc., Center for Quantitative

Sciences.

Tracidn3 Sul data, which shows the largest_ subscription prices for the Physi-

cal Sciences and Mathelitatics journals and the smallest for the Social Science

jouraals. Bot:11 subscription prices and perccnta;e_ increaose in them over the

years vary substantially among fields.

3.2.7 Distribution and Price to Individual Subscribers

Table 3.25 gives the estimated total journal circulation to individual

subscribers, along with the average number of individual subscriptions per

scientist/engineer. Total circulation is plotted in Figure 3.20. Projections

of the number of individual subscribers wLre calculated by subtracting institu-.

tional projections from those for total dot:estic subscribcrs.

It is noted that the averaL;e nurber of iadivid1'a1 subscriptions ranges

from about 3.0 t, 3.7 over- lite period of timt. fro:1 1960 to 1974. This seems

high; howLver, in a study conducted by 1.:,-2st,tt (11) in 1973 among Eje scientists,

it waF- estimated that Li .:. average tair:'.2r of fAth:-,criptious ti;leO hy respondents

to their surycy was jw-,t over six suhsr:ri jti ons per scir.ntist. The average

output- in tem-, of numl),.r of Lrticli scieoli5.t. in 1971: w.v, 0.03 over all
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Table 3.24 IrSTITUTIONAL SUBSCRIPTION RICES, BY FIELD OF SCIENCE:

1962-1974

(Current and Constant 1967 Dollars)

Field of Science

I

1

1

I
1962 1964

!
1966 1968 1970 1977

1

'.
1974

' Current Constant Current Constant 1 Current Consult Curreut Constant Current Constant Clirrrnt Corstnnt Current Constant

Physical Sciences . , 18.62 20.69 20.21 21.83 ' 21.87 22.57 2746 26.11 34.65 30.13 53.62 43.15 63.17 43,67

Nstkla'irs 17.80 19.79 19.90 21,50 25.32 26.19 26.91 25.87 32.28 28,07 39.34 21.66 45.52 31.47

1:07puter Sclruees . .

rovnrital

10.67 11,36 14.51 15.711 1,1,36 11.00 14.15 13.60 19.72 11.15 2,',.;5 11.°2 27,4i 1'46

2ciennes 12.65 14.06 14.31 15.52 16.31 16.85 19.22 14,48 25.18 21.98 30.46 24.51 37.61 2S,N

Engineering 11,13 12.37 12.02 12.98 16.24 16.76 18.88 18.'3 21,36 18.57 24.67 19.85 : 32.40 22.40

Life Sciences 13.00 14.54 14.16 15,30 15.25 15.74 19.65 18.89 26.20 22.78 29.62 23,64 34.66 21.96

Pnyehololy 10,01 11.13 11.64 12.57 13,13 1131 14.10 14.13 11.91 15,59 18.48 14.31 24.17 16.01

0ncia1 Sclennes 13.36 14.85 11.75 14.86 11.75 14.19 14.96 14.38 15.91 13.90 16.10 13.11 17.53 17.17

OCr Sciences I 7.30 8.11 7,93 8.57 9.31 9.61 10.85 10.43 13.96 12.14 16.23 13.06 ' 19.56 13,52

All Fields 11.73 14.15 13,77 14,87 15.07 15.55 17.89 17.20 21.18 13.94 24.42 19.91 29.57 20.44

Uning GNP Implicit price deflator (1975-1980 OA) to obtnin 1967 Constant Dollars.

SOURCE: Market Fncts, Inc., Center for Quantitative Sciences.
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Tali:to 3.25 T',!:1:TED ,TIC !1:':'11:11;MON, TND1VIDrAL

:%V;.1:WE ::;-:°!:It OF SUliSCEP.TEMS

PER SC1L:!,; AND SEARCH ArD

DEVELNE::I t. CO!::;i;.::T DOLLARS: 1960-1980

Year
TotF1 Dc....c.,:r.!: 7.::.:1 Tr.:iv:Alai

1940 . . 5,777 3,5'24

1961 6,312 i,851

1962 6,973 4,254

1963 . 7,378 4,501

1964 7,791 4,753

1965 . . 8,274 5,047

1966 . 8,747 5,336

1967 . 9,417 5,744

1968 . . 10,023 6,114

1959 10,490 6,399

197u 10,794 6,584

1971 10,943 6,675

1972 . 11,234 6,853

1973 . 11,505 7,018

1974 . . 11,711 7,144

PRCJICIIC-S

1975 12,380 7,495

1976 12,770 7,725

1977 13,180 7,970

1978 13,590 8,214

1979 14,030 8,4F.:0

1980 14,450 ::,729

1960-65 . . 43

1965-70 . . 30

1970-75 . .
15

1975-80 . . 18

43

30

14

16

Average No. of FnD
Tr.diridoril

SubLicriptiono [Ccr.t.t,tr.t SI*

(8i1liovo")

3.04 15.4

3.18 16.1

3.34 17.1

3.34 18.8

3.40 20.4

3.50 21.3

3.55 22.6

3.64 23.2

3.71 23.7

3.71 23.6

3.66 22.6

3.64 22.2

3.66 22.8

3.65 23.2

3.62 22.2

3.70 21.7

3.71 21.6

3.73 21.6

3.74 21.6

3.76 21.8

3.77 22.2

10 38

4 6

1 -+

2 2

GNP Implicit price deflator (1375-1:., to 12(-7 Corlant D.111ars.

SO' .: Mret 1%.cts, Center f. -

2 10
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Figur2 3.19
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Figure 3.20 NUMBER OF INDIVIDUAL JOURNAL SUBSCRIPTIONS: 1960-198(

8000

6000

--0 Oblierved Values
0-0 Forecast Values

1

1060 62 64 66 68 70 72 74 76 78 80

SOURCE: Table 3.25

Year
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Table 3.26 ESTIMATED AVELE PRICES O INDIVIDUALS
IN CURRENT AND =STANT DOI.LARS)4 AND AVERAGE
NUBER OF SUCREPTIONS HELD: 1960-1980

year

Average
Individual

Subscript ion

Pr ice ($)

Average
ind lv leftist

Subn, rlption

Pr Ice_SCpus tan t

Average No.
of Ird1vidva1

).... :1ubscriptier.s

AverAge Price
Per Article
(Cnrstant $)

1vetago Price
Per 1(1loword

Page

(Cont $)

1960 5.27 6.no' 3;04 0.0845 0.0156

1961 6.21 6.98 3.18 0.0983 0.0182

1962 8.71 9.69 3.34 0.1363 0.0152

1963 9.19 10.08 3.34 0.1440 0.0262

1964 9.67 10.45 3.40 0.1472 0.0274

1965 9.o8 10.27 3.50 0.1426 0.0263

1966 9.70 10.01 3.'15 0.1353 0.0252

1967 10.47 10.47 3.64 0.1396 0.0259

1968 11.25 10.82 3.71 0.1443 0.0265

1969 12.67 11.62 3.71 0.1549 0.0281

1970 14.10 12.26 3.66 0.1613 0.0291

1971 15.45 12.85 3.64 0.1647 0.0302

1972 16.80 13.52 3.66 0.1733 0.0324

1973 18.44 14.05 3.65 0.1801 0.0335

20.08 13.89 3.62 0.1803 0.0330

r1JECCIONS

19/5 19.37 12.2$ 3.70 0.1571 0.0291

19/6 20.31 12.04 3.71 0.1524 0.0282

197/ 21.25 11.90 3.73 0.1494 0.0282

197A . . . 22.19 11.53 3.74 0.1441 0.0267

23.11 11.29 3.76 0.1411 0.0261

14.01 11.04 3.17 0.1163 0.0252

11i.0 !.1 . 34 71 15 69 69

1061 . 46 19 5 13 11

)1/0
. 31 0 1 -3 58.

1975 + o 24 -10 -13 -13

Wu' I. ft 1,1-1,. :rf I 1...1 ,

: , r f.. t
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scitHcc:!: 0..3(;) Jr 1-i fo (' . nut' d th,.% :au1il)(2;:.

of !:LibItcrfpcloir: for 1 Lit. :.;ci^ucre to IA nen Inr the iifiTI
ficldt...: of f(.11(!nc(-.. Thc. Ill.:id of r subcrLptioa::

is up ovor An -!:vort...11 (.colloHic rittc'ajol is ,.°Ifq.11r trect:1

is ri lated in !-;oberiplfor:

The averogo individel subcripLion price per joarfll wns cst_iatod

from the Journal Florvy (1:7i:: by ob:iervj -oriee for oach

journA iH the sJ17:p3e. ac, givou TLblo 3.26 alid pcesented

graphic:illy in 3.23. Ro:3ult iidi CdLJ 0 i(j0 1974 ranz;c of pric,-s of

$5.27 to $70.03 in currnt dollcs, (7,1 :;6.00 to f13.8r, J i cox,tant dollars.

Figuro 3.21 AVEPAGE INDIVIDUAL SUOPTPTION PaTCF, FOR ALL YiLLDS OF SCIENCE:

30

25

Curvcr.t 0:.servecI Price
5--16 Curren; For,.casr Price

Constant' Crtccl Price
0--0 Constant Focasi. Price

1 9 U 2 6-1 ot:, 72 74 ;o 76
Yca r

SOURCE: Ta'i1, 3. P.:
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Avv.rage individual .1.th.;crildrion price vert.;us the average number of

tudtvidua! Iqgure 3.22, The expected economic

relotioaship, dcreases ;ith increasina prices, does not appear

to hol.d. Loog nL H,!ivida:11 figures it is clear that what is

happ,:aiag 1:11t jeurot1.7s nre 1rsin subscr Ibe:s hen their prices incrense

and journal,: an: dickin3 d tIm suhscrihez_ despite increased prices.

Tlau, there ni.2.tr,.,ntly nre aLLrihuLs of j-nrnals that mw3t he affecting

the sul)scription bca,!for.

Figure 3.22 ':rLYEI: OF INNVIDUAL SUU:CRMFONS SOLD AS A FUNCTION OF AVERAGE
INDIVIDUAL SUBSCRIPTION PRICE IN CONS1ANT DOLLARS
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13

d I I

1

10
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Table 3.26 also shows the average price per article, determinee hy

dividing the average constant dollar subscription price by average number of

articler per journal found in ,:able 3.12. The price per article has been in-

creasing steadily since the mid-1960's, althr,ugh it is projected to decline

somewhat in the period to 1980. It is noted that the price per article received

of less than $0.20 is still remarkably inexpensive. The average numbet of

articles received per scientist and engineer annually is in the range of about

400 to 475 articles. Depending on how many of these articles are read and used,

the journal means of distributing articles would seem to be rather efficient.

Another measure of journal costs is the price per kiloword page.

This is also shown in Table 3.26, and plotted in Figure 3.23. The average price

(in constant dollars) per kiloword page has gone from about 2.5 cents through the

mid-1960's to a high of 3.3 cents in 1974. The SATCOM report (35) indicates

that the price per kiloword page per subscriber in 1968 is in the same range as

that observed in our survey. In that report, it was indicated that the price

per kiloword page varied by publishing entity, field of science and size of

circulation. Journals published by societies tend to have lower prices than

private publishers. Our average prices over time are in the three cent per

kiloword page range. The SATCOM results indicated that U. S. society publica-

tions had price ranges of one to four cents for mathematics, less than one to

six cents for chemistry, less than one to seven cents for physics and one to

52 cents for electrical engineering. U. S. private publishers had price ranges

from four to ten cents for mathematics, Four to 14 cents for chemistry and phy-

sics, and le,is than two cents for electrical engineering. The Indiana University

study (48) shows average price per page as being in the two to three cent range.

The breakdown of individual subscription prices by field of science is

shown in Table 3.27 and Figure 3.24. These were identified in the Journal

Tracking Survey. In constant dollars, the most expensive individual subscrip-

tion prices in 1974 were for Physical Sciences ($29.12), Mathematics ($20.77)

and Life Sciences ($20.03) journals. These are also the fields which have

exhibited the sharpest increases since 1962. Practically all fields (except

Physical Sciences) show a levelling off, or even decrease in constant dollar

price since 1972.

The individual average prices of periodicals obtained from The Bowker

Annual are presented in Table 3.28. This table displays the average price of

163
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.12_

.10_

.05_

.04

.02

0

Figure 3.23 PRICE PER KILOWORD: 1960-1980

0-0 Current Observed Price
0----0 Current Forecast Price
oo Constant Observed Price
0--- a Constant Forecast Price
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Year
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Table 3.27 INDIVIDUAL SUBSCRIPTION PRICE BY FIELD OF SCIENCE:

1962-1974

*

(Current and Constr 1967 Dollars)

Field of Scienct

1962

Current Conntant

Phylical Scieneen . 5.72 0.36)

401,enotlrn 9.94 (10.94)

cmiedicrl Scleerrn . 0,19 (9.08)

L0.11,1nmehl,11

1:nr,1ncer i

1,11c Mew-

P.p,e601.10

Sochi Scleneem .

5ettne°P
'

Avvrw All

1:1elds

01 (10.37) I

1,00 (10.00)

12.04 (13.38)

6,011 (6.74)

6.10 (6,78)

8.20 (9.20)

8.71 (9.68)

1966 1960 !1964 1970

Lutrent Countlnt Current Cunt:int 1Curr,,nt Cnostnnti Current Conntant

1

1

1972 1

Current CmtantSurren1t974CAnn!u;

6.15 (6.64) 8.70 (8.46) 12.43 (11.95) 1(1.02 (15.67) 1.06 (23.39) 42.12 (n.1:!)

9.20 (9.94) 11.95 (12.33) 12.58 (12.10) 18,77 (16,12) 24,0, (21. 30.04 (2,7,27)

10.50 (11,32) 10.60 (10.9)) 1.1.09 (12.50 16,16 (km) 11,01 (11.0) 11.31, (11.99)

9.93 (10. II) 10.45 (10.70 13,40 ((2.88) 15.40 (11.39) 19.50 (h.49) i 18,93 (110)

9.89 (10.00 10.09 (10.41) 11.82 (13.29) 14.55 (11.65) )5,64 (37,59) 16.46 (11.18)

13.03 (14.29) 17.72 (13.13) 16.74 (16.10) I 20.92 (18.19) 24.85 (11.1) 7.97 (20,93)

6.96 (I.',;) 0.39 (0.6(i) 0.65 (11,112) 11.74 11.88 (11.10 111.1,2

6.56 (7.09) 6.56 (6.77) 5,38 (5.17) ; 6.73 (5.05) I 7.83 (6.70) 9.:12 (,4/4)

8.63 (9.32) 8,81 (').09) 10.01 (9.62) , 11,51 (10.01) 1.70 (11,03) 11:.71

9.67 (10.45) 9,70 (10,01) 11.25 (10.(12) 14.10 (12.76) 16.86 (13.52)
! 20.06 11,1A

ImplIclt price deflator (1175-1930 NPA) to obtain 1961 Cunitnot Oollnrn.

!;(111a: Journ11 TrarkIne, !',nrvey, market FACtO, Inf., Center for gnantltptive 3eleneen.
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Fignre 3.24: AMAGE INDIVTDML SUBSCRIPTION PRICE BY FIELD OF SCIENCE:

1962-1974
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1962 66 70 74
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Table 3.28 AVvACE PRICE F4 l'i:UO7?(ALS Flal) 01' SCII:CE: 19(;0-1980

(Dollal:s)

Year ;94ricult,re

Busltirs1

reownIts

CheTtry

phy,u4
r070

0,004,10; 0v-6041cp
1/5r4ry
Sclercr

Nth..
totery,
Ce;:lcz,4

Ctn. 8c14666 11-11614, 14.;thole47

Sot1:lecy

Ant%rueo1cL9 244646

1160 . . .: 2.84 5.34 11.30 5.66 4.43 3.71 7:27 10.29 9.37 4.52 CPO

1961 . . .1 3.03 5.43 12.29 6.14 4,49 3.33 7.70 11.19 10.65 4.59 0.95

1952 . . . 3.34 5.68 13.95 6.48 4.51 0.20 0.26 11.49 11.30 4.09 9.05

3.49 6.06 16.07 6.69 4.67 4.43 9.58 12.22 11.45 4.91 5.51

1964 . . .; 3.71 6.26 15.50 7.32 5.12 5.01 20.70 13.29 11.62 5.07 9.03

1165 3.83 6.39 14.42 7.70 5.37 5.13 10.96 14.02 11.65 5.26 10.31

1965 4.11 6.62 14.75 4.19 5.61 5.51 12.29 15.53 12.67 5.4e 10.95

1957 4.34 7.09 22.35 9.04 6.05 5.60 13.75 17.97 15.02 5.85 12.53

1968 4.74 7.05 24.26 10.07 6.48 6.26 15.42 15.42 14.33 6.07 13.49

3969 4.97 4.07 25.60 10.94 5.94 6.45 25.11 20.77 15.40 6.5 14.19

1970 5.17 9.03 33.45 12.07 7.56 7.88 14.11 23.44 17.12 '131 16.86

1971 . . 5.74 9.12 38.31 13.28 7.96 8.55 10.05 27.00 16.70 7.92 19.15

1972 . . . 6.35 9.95 45.46 16.04 20.25 9.40 22.63 29.59 20.96 9.12 22.34

1973 . . . 7.21 12.25 59.61 23.37 12.11 10.48 15.99 33.60 23.17 11.28 24.07

1974 . . . 8.12 13.90 65.47 24.38 12.31 12.53 10.27 36.11 75.79 13.03 24.76

- :Ammo's'

1975 . . . 7.93 12.4: 55.3: 23.37 12.14 31.65 37.55 24.34 10.83 27.20

1976 . . . 6.51 13.23 74.40 26.07 13.22 12.78 35.08 43.71 26.00 11.61 29.84

1977 . . 9.14 14.04 84.45 29.09 10.35 13.41 33.99 48.31 27.40 12.47 32.72

1978 . . . 9 73 15.03 95.01 32.46 15.57 13.07 43.11 53.34 29.72 13.37 35.59

/979 . . 10.54 16 02 106.72 38.22 15.90 14.36 47.79 55.91 31.74 14.32 39.37

1940 . . . 11.30 17.07 923.37 60.42 14.34 17.57 52.95 65.19 33.92 15.29 43.11

Ci4'11022.014-1

1960-55 35 20 63 31 21 51 39 20 16 16

1165-1'0 35 41 82 57 41 51 65 67 46 35 64

1970-75 54 37 96 94 61 40 75 69 42 AC 61

1975-2"J 42 38 88 73 51 49 67 65 39 42 19

- . -- - -

elp,.6 al note!. ",k- 8e0.. f.n.. C.a.,: for g'I.ntl I a. L., so!a,na

.7.1110CAs ':t, Maga, Si I lf n! !an. I: .'e 1,.7c teot .nn. P. R. 7,...r 00-DaNy. loa:_;n71

(Oat. 156-I3i4),
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all U. S. science and technology periodicals and also a breakdown of the

periodicals by field of science. The data is plotted in Figure 3.25. When

comparing these averages with'the averages obtained in the Journal Tracking

Survey, it is seen that the rate of increase is less for the Survey sample

price than for the overall (Bowker) price of scientific and technical periodicals.

This difference is presumably due to the more exhaustive coverage of the Bowker

figures, as compared with our sample which was limited to scholarly periodicals.

3.2.8 Distribution of Articles by Reprints

A reprint (or offprint) is a copy of an article obtained by an author

from a publisher at the time his or her article is published. Some journal

publishers also sell article reprints to supplement their income. Authors may

obtain reprints of their own articles from publishers for a price, for free,

or in return for paying a page charge. Authors then distribute these reprints

in response to requests from interested colleagues, or they may simply supply

them to their colleagues as an adjunct to an informal exchange of information.

Reprints may also be distributed by an author's employer as a form of marketing,

or a professor may distribute reprints obtained from a publisher to students

instead of using photocopies. Reprints may be a significant method of scientific

communication, not only because of the actual numbers involved but because of

the degree of author control and informal communication whicn may accompany an

exchange of information in this form.

Respondents to the Author Survey were asked (a) how many reprints they

obtained from the publisher of their own article, and (b) how many requests for

reprints they had received. Consideration of these two numbers allows us to

make some estimates of the actual extent that reprints are used.

The top line of Figure 3.26 shows our estimate of the total number

of reprints obtained by authors of their own articles from publishers for the

period 1968 1980. This estimate is based on actual and projected numbers of

U. S. publishe) scientific and technical articles, multiplied times an average

number of reprints obtained per article. The trend line 1968 - 1975 is based

on three-year moving averages of author survey data, and the projection for

1975 - 1980 is based on a constant 142 prints obtained per article. We do not

feel that the 'served data indicates a signif4cant decrease or increase in

'2 2 2
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reprints obtained per article between 1968 and 1975, and we use the arithmetic

average as a conservative multiplier. Numeric data is displayed in Table 3.29.

Respondents were also asked how many requests for reprints they had

received. Depending upon the size of the potential audience for an article,

this number may indicate the degree of interest in an author's work shown by

those individuals who are willing to communicate directly with the author. If

we assume that all (or nearly all) reprint requests are filled, we have a

further indicator of the actual distribution of scientific and technical informa-

tion via the article format.

Table 3.30 displays reprint requests received per article. Note that

these averages are between 51 and 65 percent of the number of reprints obtained

per article. We suggest three explanations for this. First, not all of an

author's reprint supply might be exhausted, even after six or seven years have

passed. Second, especially for articles published during the latter years

covered by the survey, reprint requests might still be received making these

numbers gross under estimates of the actual number of requests to be received

over time. Third, not all reprints are distributed on request; some are dis-

tributed without having been requested, perhaps to students or co-workers. If

we assume that, on the average, 60 percent of the reprints which an author ob-

tains are eventually requested for distribution, the right-hand column of Table

3.30 is obtained as graphed in Figure 3.26.

The second part of the Author Survey, dealing with how authors obtain

access to articles which they cite, did not reveal a corresponding increase in

the number of articles obtained via reprint channels which were subsequently

cited between 1968 and 1975. One should remember that this time frame repre-

sents two separate operations: the requesting bf reprints and the citing of

articles obtained as reprints. Because many articles obtained as reprints may

never be cited by the requesting author, these two numbers are not comparable.

We must conclude, however, that reprint distribution, as slow and

cumbersome as it is, remains a strong method of article distribution. This

coupled with increasing interlibrary loan demands, leads us to believe that a

market exists for the distribution of separate article ,, assuming that such

an operation can be sufficiently centralized, marketed, and operated so as to

2 2 (
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Table 3.29 OF hEPC7YS liN:L:
ATZTH:LES Al.rft0:;S: 1.968-1980

Year

- ------.._-_-- ---_ _ _---___

Reprint!: Tutal Articlos
Obtained Pub1ishd Per

Per Article Year kpoo)

_-__-_-._ -.-___

Total Repvin1s
Obtained

Per Year (roo)

1968 . . 128 136 17,408

1969 . . 133 138 18,354

1970 . . 140 141 19,740

1971 . . 147 143 21,021

1972 . . 150 147 22,050

1973 . . 151 150 22,650

1974 . . 145 151 21,895

1975 . . 142 155 22,010

PR0JECTTO:1S

1976 . . 142 159 22,578

1977 . . 142 162 23,004

1978 . . 142 165 23,430

1979 . . 142 169 23,998

1980 . . 142 172 24,424

SOut:CE: Aw.hor Survey, Market Fact-:, Tn.!., Center for QuantiLative

Sciences.
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Tn1).1c 3. JO VF:T1 HATI:1) ",:' I:! /TT I;\' AIITI;r);;;;

1)1: SC I I. :'i I C '1 [' (.; I 1968-.1.90

1968 . .

1969 . .

1970 . .

1971 . .

1972 . .

1973 . .

1974 . .

1975 . .

Rcquo::Lr.. Tot:11
Requosts

Per Art.irle cc..1%,;...;.1 Received

(Obs,:rvud) (U.-crvcd (Entimated, 000)

76 10,336 10,445

87 12,006 11,012

82 11,562 11,844

95 13,585 12,613

81 11,907 13,230

83 12,450 13,590

74 11,174 13,137

77 11,935 13,206

1976 . .

1977 . .

1978 . .

1979 . .

1980 . .

PR0.J1:11:TIS

13,547

13,802

14,058

14,399.

14,654

SOURCE: AuLlior Survey, Marl;et. 0.uuntitive Sciences.
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be economically viable. The major caveat we have in this respect, howver, is

that such an operation (e.g., a clearinghcuse) would not promote the element

of informal scientific communication which accompanies reprint exchange, a

point made by several of our consultants.

3.3 Growth of the Scientific and Technical Report Literature

A number of government organizations announce and distributu scienti-

fic and technical report literature produced under Federal government sponsor-

ship. Principal among these an.? the National Technical Information Service

(NTIS) and the United States Government Printing Office (GPO). NTIS, part of

the Department of Commerce, is the central point in the United States for public

sale of R&D reports generated by Federal agencies, their contractors, or grantees.

The GPO prints and disseminates a wide variety of government materials, including

scientific and technical reports. A discussion of data obtained from these two

organizations for the petiod 1965 on follows.

3.3.1 The National Technical Information Service

The National Technical Information Service processes primarily govern-

ment reports and a'small number of journal articles and a small percentage of

journal articles. Figures on total items processed and reports processed are

shown in Table 3.31.

Table 3.31 also shows Federal obligations for research and development.

These demonstrate the lack of correlation between growth of NTIS and research

and development funding. It is folt that much of frhe growth in report liter-

ature covered by NTIS is attributable to their agc,,I xre approach to gaining

coverage of scientific and technical reports from a broad range of Federal

agencies.

In the same vein, we attempted to correlate researcb project data from the
Smithsoni-, Science Information Exchange (SSIE) with the number of reports

process NTTS. This analysis requIred identifying a sample of new re-
search Lojects announced by SSIE and Lracking tbeir titles, contract numbers,

or principal investigator names through announcement by.NTIS. The process

proved to be unsuccessful due to our inability to correctly identify the re-

ports in NTIS. This study is described in detail in Appendix VIII.
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Table 3.31 NVM8r11, nv rvkT.; PROCE!iNM IYUD-LVUU

Total
No. or Ltom!;

Yenr ProcosJcill

Reports,
Pruces.6;,. f14

Fedora].
1

110
Funds

_Oti 11 fw; Corvi

1965 . . 18,504 14,063 15,501

1966 . . 27,881 21,747 15,810

1967 . . 29,500 23,600 16,529

1968 . . 29,500 24,190 15,307

1969 . . 38,400 32,256 14,347

19'0 . . 43,650 3:,539 13,333

1971 . . 48,670 42,830 12,947

1972 . . 54,980 49,482 13,288

1973 . . 55,597 51,149 12,818

19/4 . . 60,600 56,358 12,265e

1975 . . 65,700 61,100 12,532e

1976 . . 70,700 65,929 11,976

1977 . 75,00 70,638 11,775

i078 15,347 11,527

L079 135,900 80,056 11,423

19ft) 91,000 8A,766 11,212.

u,t

:'t tt ,
; .

'':;i".,
.1_:Th 7 Corr--,i- :0; L;(-) Mars.

i

;

:

" 1 .).1... 1.(e!; , 1..t1
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Forecasts of NTTS growth are made by simple time series analysis.

The forecasts from 1975 Lo 19S0 are shown in Figure 3.27 based on the following

equation:

where:

Y 14.1 i 4.7X

is the number of scientific and technical reports

X is the year (0 1965, 1 1966 . .

It is cautioned that much of the past growth in NTIS has been due to expanded

coverage, and that this trend must continue if the forecasts are to hold.

The number of copies 3old by NTIS and the associated revenues are

given in Table 3.32. Past experience (68) has shown that a large proportion

of the sales of a report occur in the first year after publication, and thus

we determined the average number of copies sold per report by dividing total

copies sold in one year by the number of reports processed the previous year.

The relationship between that was shown in Figure 3.28 has a high correlation

and is used as a basis for forecasting total copies. The relationship is

given by:

where:

Y -212.7 + 53.1X

Y is estimated number of copies sold in thousands

X is the number of reports processed in thousands
(lagged one year).

The forecast values of total and per copy sales for paper copy and

microfiche are also given in Table 3.32. The latter two values are plotted in

Figure 3.29 in order to illustrate the contrasL between these two forms of

distribution. From 1966 to 1974 microfiche sales have increased an impressive

465 percent while paper copy sales have increased only 51 percent. These

trends are expected to continue, with microfiche sales _A.-easing about 36 percent

177
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Figure 3.27 NUMBER OF REPORTS PROCESSED BY NTIS: 1965-1980

o Observed Values
0"--0 Forecast Values

19o5 66 67

SOURCE: Table 3. 31
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Figure 3.28 NUMBER OF COPIES OF NTIS REPORTS SOLD AS A FUNCTION OF REPORTS
PROCESSED (LAGGED ONE YEAR)
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2000
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1:1 1500
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u 1000

2
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Number o( Reports Processed, Lagged Cne Year (Thousands)

.OLJRCE: Market Facts, Inc., Cen:er for Cuantitative Sciences

from 1975 to 1980 and paper copy sales increasing about 31 percent during the

same period. It is pointed out that NTIS has waged a strong sales effort over

the recent years and that they have emphasized such programs as selective dis

semination of microfiche. These efforts have contributed substantially to

overall sales as well as to sales of microform. The dip in sales of microform

from 1973 to 1974 was due to a new policy by the Defense Documentation Center

to make their microfiche (some of which are available from NTIS) available on

an automatic distribution basis.

The average price of paper copy and microfiche copies is also found

in Table 3.32. These prices are calculated by dividing revenue by the number

of copies sold for each form of distribution. The average prices are for all

179
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Table 3.32 NUMBER OF COPIES OF SCIENTIFIC AND TECHNICAL REPORTS SOLD

(PAPER COPY & MICROFORM) AND REVENUE AT NTIS: 1963-1980

Y.4 r

bret

5.1.1

COP1t1

t4r

Poet Copy:

944.rue

111

ISYS'r:t

hp Copy:
11,4invr

1211

Vor!!1All U:1_1(ntre!"3

Imingt
04.1wil

Arer444:

flevetom

$I frnpfp,nt.!1'

111m411,11p

91.1,11

141r.m(Ichr 111trnlIc141

Armr.11 Ayr,. 4g. Amp
(MO) (1101 livv,imr

2 lornitif

Icir.rynt_ILIP2TitIntilicurrtni 11,11AnInnt

Tots/ Colts
5:14

(n

Nteen14

'
r

rto..P41 2

flitz.,1,ra

NO , 1416,2 041,0 60.6

- 411.: 147,4 61.9
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)1),4 1:4,4 217,4 1.53 1.60 941 11.2 101.3 ,35 ,38 194 61,1 24.1

444 21.9 1,110,1 1,110.1 LIM 1.31) 275 144.7 144.9 .49 .49 741 61.2 35,6

4'1 11.7 1,144.) 1,1,4,4 2.62 2.42 149 04,1 149.1 .45 .43 417 74,5

1+

;',0 1,11.. 1..12..1 MI 1.011 11 ',1i 1,1/'

C.'
2,16 1 1,'0.7,7 1.41 1.7,.

10 911.0 2411.2 .13 ,U I...1,, 45.1 44,4
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11.6 2:11)2.0 1,901.! 3.71 2,16 1,411 n1.3 7',1,8 .14 .53 1,111 37.1 41.1
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1,11, . .
. 1111 11,7 4,017..) 1,02,3 5,1n . 1.12 7,71; 2,1141,0 1111.0 .19 .47 1,141' 31,1 :6,!
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Figure 3.29 ,NU;BER OF pm.'Elt AND 1 l C;TPIC!ii. COPIES SOLD NT NTIS: 1966-1980
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copies sold in a given year, and reflect both prices of documents announced

that year and also previous pricing policies. This brings the average price

down. Average prices for paper copy and microform are given in Figure 3.30

with projections to 1980. Current dollar price increases for paper copy and

microfiche are 232 percent and 97 percent, respectively, from 1966 to 1974.

Constant dollar price increases were 123 percent and 31 percent'respectively.

Certainly, the large difference in price changes might partially contribute to

the discrepancy observed in paper copy and microform sales over the years.

Sensitivity of paper copy sales to prices is suggested by Figure 3.31., which

shows average paper copy sales per report plotted against the average price of

paper copies. Obviously, price is not the only factor that has dampened paper

copy sales at NTIS, but it certainly must contribute.

3.3.2 The United States Government Printing Office

The United States Government Printing Office also reproduces and dis-

tributes government sponsored research reports. They process substantially

fewer of the e reports than NTIS but, on the average; their reports have wider

distribution. In order to obtain data on the GPO, we drew a sample of approxi-
**

mately 40 scientific and technical reports from the Monthly Catalog (75) for each

year from 1965 to 1974. From this sample we noted such information as price,

subject field, number of pages and number of copies distributed. This informa-

tion is summarized in Table 3.33.

The first column in Table 3.33 gives the total number of reports

announced by GPO and the second column gives our estimate of the number of those

that are scientific and technical. Of the S&T reports-, a number are available

at NTIS, and the remainder are reproduced and distributed primarily by GPO.

There has been a substantial growth in scientific and technical reports repro-

duced and distributed by GPO over the period 1965 to 1974, as illustrated in

Figure 3.32. This growth is forecast to continue agcording to the following

equation:

In 1974, price increases began to be applied to all documents, old or new.
**
Only reports that were judged to be written by scientists or engineers for
their peers were included. Reports that were written for distribution to
the general public were not included.

'
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Figilrc 3.10 PRICE OC PAPJT. COPY AND 1;1C01TUIL 1;rrOTITs AT ::TTS: 1966-1900
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Figure 3.3J NIJBLR or PAPE COHLS PE! 0.EPORT M:LD AS A VUXCT.L0:4 OF
AVERAGE PRICE
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SOURCE: Market l'act, Inc., Center for Quantitative
Sciences.
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Table 3.33 NUMBER OF COPIES OF SCIENTIFIC & TECHNICAL REPORTS SOLD

AND REVENUE AT GPO: 1965-1980

-nal No.

(of Rcports

Est. No. of

Scientific &

Tech. Rots.

Est. No. of

SO: Reports

Est. Total

Cepies Sold

Est. Ave.

Copies Sold

(3 Yr. Xov.

EPt. Ave.

Price

(Current

Ave, Price

(Constant

Est.

Revenue

(Minton

Est.

Rnenue

Winiono

Avc.

No.

of

;'11Cf.

Per

rnW!

Year (1/1) Annluv.rd (Non-F;s) _smilltols) Ave.) $) 9 Current $) Constant $) P)-es (Coll

19.5 . . 9.2 1,870 742 .n0 1,209 1.38 1,46 1.24 .1.3:1 113 1,2

. 17,1 1,940 713 ,08 1,371 1.41 1.46 1.3E 1.42 125 1.1

1967 . . . 17.2 2,140 1,122 1,96 1,746 1.42 1.42 2.70 2,71 191 0.9

1969. .; 17.1 2,290 935 1.54 1,643 1,59 1.57 2.45 2.76 246 0.6

1969 . . .; 16,4 1,790 1,128 1.70 1,523 1.52 1.39 2.58 2.37 207 0.7

19/0 . . . . 17.3 1,740 1,005 1.64 1,627 1.70 1.13 2.13 1.85 137 0.9

. 17.1 1,120 1,099 1.94 1,779 1.37 1.14 2.66 7.71 157 n.9

1971 . . . 14.2 2,250 1,646 3.14 1,909 1.57 1.26 4.93 3.97 179 7.3

16.0 2,910 2,090 3.53 1,6211 2.16 1.65 7.62 5.01 108 2.1

1974 . . . 10.6 2,770 1,961 3.21 1,639 2.40 1.66 7.70 5.32 130 1.9

PROJECTIONS*

1975 . . . 2,084 3.82 1,834 2.27 1.41 8,52 5.39

1976 . . 2,275 4.24 1,874 2.38 1.41 10.14 6.01 .

1977 . .1 2,405 4.60 1,914 2.54 1.41 11,61 6.48

1978 , 2,441 4.77 1,954 2.71 1.41 12.97 6,72

1979 . . . - 2,519 5.03 1,993 2.09 1,41 14.54 7.10

,

1980 . . j 2,507 5.26 2,035 3.07 1.41 16.15 7.41 -

I

CHANGEPERCENT

1965-70 .! -10 -7 34 80 75 -6 -27 72 38 -25

, 1

1970.75 .; 107 173 13 72 25 700 191 -

:

1915-80 ,1
- - 24 38 11 38 n 90 77 . ..

1

GNP Implicit price deflator (1975-1980 MS) used to obtain 1167 Constant Pullers,

SOME: Kirke; Pacts, Inc., Center for quancitatIve Sciences. (Study based on sarfle of items announced In MontbUplog of U.S. Government

Pqblierlonn 1965-1974.)
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whet-I!:

=, 2212 103X1 + 119Z2

/N
is the estimaLed ratml,r,i of new reports

X
1
is Federal obligations for R&D, lagged 2 years

X
2

is.the yonr (0 =, 1965, 1 - 1966, .

Figure 3.32 NUMBER or SCIENTIFIC AL) TECHNICAL REPORTS PUBLISHED BY GPO:
1965-1980
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The growth from 1965 to 1974 was 161 percent, or an average of 11 percent per

year. The forecast rre," 2975 to 1980 shoTrs an additional growth of 24 percent.

The average number o: 2opies sold per report also increased from 1965 to 1974

by an estimated 36 percent, or about 3.4 percent per year. A growth rate of

38 percent is forecast for 1975 to 1980, based on values derived from the

following linear equation (see Figure 3.33):

where:

Y = 1433 + 40.1X

X is the estimated average number of copies sold

X is the year (0 = 1965, 1 = 1966, . . .)

The combination of an increased number of reports and increased sales

of these reports yields a total growth rate of 253 percent for the number of

copies of scientific and technical reports distributed from 1965 to 1974.

The estimated average price per copy remained relatively constant

until 1973 when it increased substantially. This increase is reflected in both

price per copy and price per page. If 1973 and 1974 prices represent a policy

change, then our forecasts of price (based on an average constant dollar price

of $1.41) may be low. If so, then our estimates of revenue may be low as

depending on the impact of increased price on demand. There is limited evidence

that the increase in price may have reduced the average number of copies sold

but this evidence is not strong. The overall revenue to GPO from sales of

scientific and technical reports appears to have increased greatly, over 500 per-

cent between 1965 and 1974.

3.4 Growth of Other Communication Forms

3.4.1 Published Conference Proceedings

A form of communication that is particularly important in science and

technology is the conference, and an important form of book publication is the

proceedings of such conferences. Some figures on the growth of published con-

ference proceedings in science and technology are given in Table 3.34.
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Figor /NRJ:.;i;): or CuPTL f.;01,1) PER SCWITIV;C AND TECH:;1CAL REPORT AT GPO: 

1965-1980 

I 4(10 

1 000 

1965 

Obso rvcrl Values 
Po rcc.;; s t 

. .°' 

1 1 1 1 
-4--- 

1 1.. I 

SOI !RC: F;: TaLie 3. 33 

70 

2 4 

188 

Year 

75 80 



www.manaraa.com

Table 3.3/4 i 0F PULIP:M!) PPOCEFDINffs 1N SC11:!s:CE,

1.:`:(..I.NI:.ERiNG AND TEchX,1.()CY: 1965-1973

VoluTes or
Pubii:Wed
Proceedings

1965 1n,, 19f,9 1970 1971 1072 1973

1726 1762 1948 2121 2272 2367 2419 2287 1579

SOURCE: '1eD±ctyc Puh1. Proceedings, Interdok Corporation,
Harrison, Now York, 1965-1973.

It is important to recoi;nize that these figures are not accurate indi-

cators of the number of conference proceedings published each year on a world-

wide basis. Rather, they represent the number of proceedings published for con-

ferences held each year as identifiel by the staff of the Directory of Published

Proceedings (42) as of Jannery, 1975. The publishers are continuing to identify

additional proceedings for various years of this period so that figures for at

least the later years (1971 to 1973) are undoubtedly incomplete. The figures

do reveal a steady increase through 1971, which presumably reflects a growth in

the number of conferences Leld internationally as well as in the number of pub-

lished proceedings aval]able.

These figuic:; mry in fact be somewhat low. The British Index of

Conference Proceedings Peceived 11),_ 1:1.1, (62) is now growing at the rate of about

7,000 items a year (compa:ed with the 2,000 items a year indicated in Table 3.34),

but this publication is not restricted to science and technology.

3.4.2 The Pntent Ljterntnre

The uooth of the U. S. potent literature in the period 1960 to 1980

is indient.ed in Tnhle 3.35. In 1974 the number of patent applications w,ls 2r;

perer2nt grentcr thnn in 12r.O. The iniher of vtents is!niA in 1974 unfl

189
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approximately 60 percent greater than the number issued in 1960. Thus, the

patent literature of the United States seems now to be growing at an average

annual rate of approximately 3.4 percent. Figures 3.34 and 3.35 show our pro-

jections for applications filed and patents issued respectively, based on the

fdllowing equations:

where:

where:

Y = 81.9 + 2.2X

Y is the estimated number of patent applications filed

X is the year (0 = 1960, 1 = 1961, . . .)

'
Y = 47.1 + 2.6X

Y is the estimated number of patents issued

X is the year (0 = 1960, 1 = 1961, . . .)

Although a very special case, the patent literature is particularly

interesting because it provides the only instance in which accurate figures

are available on the difference between composition and publication. In this

special case there is no evidence of a widening gap between composition and

publication. In the time period covered by Table 3.35 the ratio of patents

issued to applications filed appears to have improved (i.e., increased) some-

what. This is undoubtedly due to efforts on the part of the U. S. Patent

Office to speed up the examining process.

3.4.3 The Dissertation Literature

The growth of the dissertation literature is reflected in data pre-

sented in Table 3.36. The first columns show the number of doctoral degrees

awarded in the U. S. from 1960 through 1980. In the 1960 to 1974 period, the

total number of doctoral degrees more than tripled, while the number of doc-

toral degrees awarded in science and technology increased 150 percent. These

growth rates dampened considrably during the last five years.

Also presented in the table are figures for the number of disserta-

tions listed in Dissertation Abstracts International (44). These figures are

compiled mainly from universities in the United States and Canada, with
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Figure 3.35 NUMBER OF U. S. PATENT APPLICATIONS ISSUED: 1960-1980
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Table 3.15 NUMBER O!' U.S. PATENr 1,1PLICATIW.:1; AND

PATENTS IS:WEP: 1060-1974

(Thousands)

Year
ApplickrIons

rilcd

Patents
IssuA

1960 84.5 50.0

1961 81.2 47.5

1962 85.3 51.3

1963 85.0 54.3

1964 87.8 44.4

1965 100.4 66.6

1966 93.5 71.9

1967 93.0 69.1

1968 98.7 62.7

1969 107.1 71.2

1970 109.4 68.0

1971 111.1 81.8

1972 105.3 78.2

1973 109.6 78.6

1974 108.0 79.9

PROJECTIM,S*

1975 115.6 85.5,

1976 117.8 88.0

1977 120.0 90.6

1978 122.2 93.2

1979 124.5 95.7

1980 126.7 98.3

PECENT CHANCE

1960-65 19 33

1965-70 9 2

1970-75 6 26

1975-80 10 15

Market Facts, Inc., Center for Quantitative
Sciences

S." 7: Burean of 0,P rv1c, Star4cni
Abstract cf thc. Sta:Ls, IJY74.
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Tab] e 3.36 NUM P.ER OF DOUW :. DEC!: ! ES PMAR111..!) IN THE U S . AND

NUMRER or DI.SSERT.':NONS APPEARING TN DIS.SERTAT,TON

ADSTRAC ! S TITEPNATIONAI, : 3.960-1930
_ _ _

Year

1960 .

1961 .

196.Z

1963 .

1964 .

1965 .

1566 .

1967 .

1968 .

1969 .

1970 .

1971 .

1972 .

1973 . .

1974 . .

1975 . .

1976 . .

1977 . .

1978 . .

1979 . .

1980 . .

..460-65

1965-70

1970-.3

1975-80

1

,N.7721rr_of a! DiA.:crta:jorn

I. g-Cicnce

P.telds AII F1=..1d9 Technolny

9,829

10,575

'11,622

12,822

14,490

18,237

20,617

23,089

26,188

29,866

32,107

33,330

34,100

33,700

3,802

3,931

4,432

4,877

5,344

6,102

6,659

7 3sa

8,160

8,957

9,943

10,448

10,010

10,120

9,490

PROJECTIONS*

34,900 9,380

36,930 9,920

39,700 10,040

40,100 10,140

40,200 10,170

41,200 10,430

PERCUT CRANG

68 60

81 63

17 -6

18 11

6,174

7,291

7,642

8,757

11,549

15,693

16,928

20,401

21,775

26,218

29,572

31,611

31,575

30,678

31,961

3,387

4,119

4,203

4,816

6,349

9,584

11,601

12,084

14,422

15,1385

16,570

16,184

15,594

15,606

33,155

15,055

37,240

38,095

33,190

39,140

16,080

16,826

17,689

17,905

17,758

18,004

154 162

88 79

12 1

18 12

Dissertation* Projections; Markei Fact*, Inc., Center for Quantitative Science*.

50DRCE: INati...na1 Center for Educati.";:a1 Statist-1.!s, nrn!, Proirctions of

Fd.nrationnl 1971 edition, ard Yrolcctions

of r,;6e*:1,rtil !: 17;1-44, 1974 edition.

2Dirnertation AL,t1:-ct, 1nt,riona1, Xerox-EnMrsity Microfilm.

c) ;
t
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neglii,lhic reporting ftom Thov muqt bo viewed with

caution for n !her or ro,r,om, Fir,A, they nre not emplote, even for the

United Iwcouse m:ijor uI' jtje do not report their dissertntions

to the iwbliaher at all virile othera report only for certain d,:partmnta. Secondly,

the hlu,;: the stntistica of Table 3.36 is ot constant because the nuolhur of

unlver..,.irjes repotting is iucreosip.; (frum about 160 in 1965 to about 310 in 1974).

Fonally, n university boglos to rcport to DAT they may include earlier dis-

scrlatior::; en bloc. Also, as one cnn re in the Table, the no:ilber of science and

techniloL;y degrees conferred. This is partly duo to the fact that DAT includes

Canadian, plus a few foreign, disert.itions nod partly to the en bloc reporting

mentioned above. It is also possible that DAT may make a more liberal interpre-

tation of what constitutes science and technology.

The growth of DAI cannot, then, be used as a completely accurate indi-

cator of the growth of the dissertation literature. The data of Table 3.36 can,

however, be regarded as a reasonable indicator of the growth of the dissertation

literature that is most available and best controlled. For the seien,les, this

literature has grown at an average annual rate of 11.5 percent a year, con-

siderably greater than the growth rate indicated by science and technology degrees.

3.4.4 The Translation Literature

The translation literature can be regarded ;Is, in a sense, secondary

because it represents not primary publication but the appearance of primary pub-

lications in alternative forms (in this case alternative languages). The growth

o the translation literature is important, however, because it is one indicator

of the ex!.ent to which formal international communication oceurs (i.e., the de-

gree to which published information is exported and exploited abroad). Clearly,

it is not the only indicator of activity because much technical literature is

imoorted/exported and used in its original language form.

Growth rates for the translation literature are difficult to pin down.

Table 3.37 gives data from two sources .for the book literature. The UT;FSCO data

for science and technoloy indicate (iuite a small rate of growth, worldwide, for

the peciml 1965 1971. These figures nro not very reliable partly heonuse of

the short time span. They ineicate an nvera!;(2 nnnnal inercn,:e of only a lif:tle

under CU() percent. P'y comparison, the tran:latiun 01 :,;(7.L,H! technical
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195



www.manaraa.com

Table 3.37 NUMBER OF BOOK TRANSLATIONS AND SIZE OF THE
COLLECTION OF THE NATIONAL TRANSLATION CEN-

TER, JORN CRERAR LIBRARY: 1960-1974

Book Translations

Nat'l. Translation
Year Center Collection1 Worldwide

2
Worldwide From From Eig-, Into

000 S6T 2 En lish lish 5611z I.nglish

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

78.0

84.0

89.0

96.0

102.0

107.6

119.4

128.1

134.9

142.0

156.8

175.0

193.8

205.6

216.2

1,035

- 1,876

36,072 5,561 13,330 '.,866 1,749

39,620 5,647 14,228 2,021 1,667

39,438 5,387 15,279 2,173 1,225

36,817 5,389 13,698 2,125 1,253

38,152 5,938 14,344 2,533 1,084

40,0i9 5,934 16,471 2,664 1,232

42,985 6,157 17,164 2,725 1,126

- 1,093

- - 1,428

- 1,611

1960-65

1965-70

1970-74

38

46

38

PERCENT CHANCE

11

69

7 24 43 30

31

SOURCE: 1

National Translation Center, John Crerar Library, Chicago, Illinois (1960-1964

average estimates).
2

United Nations EJlic,rion, Scientific, and Cu1tur:11 Organization, Statistir.al

Yearbn(,k, 1966-1972.
3

The Bowker Annual of Library lnd Book Trar!.e_Infor7ntion, R. R. Bowker Company,

1965-1975.

2 5 3
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books from English to other languages appears to be increasing at a much

faster pace. If the UNESCO figures can be regarded as reasonably reliable,

these translations from English increased about 46 percent from 1965 to 1971.

Another set of figures appearing in Table 3.37 represents the growth

of the National Translations Center. For several reasons, these figures are

not an accurate indicator of the extent of translation of foreign science and

technology into English. First, the collections of the Center are not complete

and the growth rate is at least partly dependent on the level at which the

Center is funded. Second, the Center is not devoted exclusively to scienc,: and

technology, although the great bulk of the collection does fall in this area.

Thirdly, the figures of Table 3.37 do not necessarily accurately reflect the

amount translated year by year since, in any particular year, the Center may

add to its collections material translated in previous years (e.g., by acquisi-

tion of a special collection). Nevertheless, at a minimum, we can say that the

data in Table 3.37 represents the growth of the body of foreign technical liter-

ature, translated into English that is most accessible and best controlled. We

can, then, draw the conclusion that the foreign technical literature most

accessible in translation in the United States has been growing at an average

annual rate of about 7.6 percent per year over the period 1960 1974.

Another figure that, on the surface, should be interesting is the

number of items translated annually through the Joint Publications Research

Service (JPRS). The JPRS series represents U. S. translations from perioUical

and nonperiodical publications, mostly from China, the Soviet Union and other

nations of the Communist bloc. These statistics are widely variant from year

to year and present no evidence of any pattern of growth.

3.4.5 Other Indicators of Publication Growth

There is one other indicator of publication growth that is of some

interest: the number of items copyrighted annually in the United States.

These data are presented in Table 3.38 for the period 1960 - 1975. In this

fifteen year period the number of items for which a copyright was registered

by the Library of Congress increased about 65 percent. If only books, pam-

phlets and leaflets are considered, the growth rate from 1960 registrations

to 1975 registrations was 86 percent or about 4.2 percent a year, which is

197

2 5 4



www.manaraa.com

Tablr. 1.18 COPYRIUHr NI(tHE-LION!; 114 THI to:11.1 :;TAII.;: 1960-1975

(Thousands)

Year

1960 . .

1961 . .

1962 . .

. .

--- .........__._____._ --___.__._.. ._....._ _ ____________
Books , P;.:Inidi:Ict s , Per i wli cal

Leaflets Is:iues Total

243.9

247.0

254.8

_____._______________ __________ ____.___________

60.0 64.2

62.4 66.2

66.5 67.5

1963 . . 68.4 69.7 264.8

1964 . . . . 71.7 74.5 279.0

1965 . . 76.] 78.3 293.6

1966 . . 77.3 77.9 286.9

1967 . . 80.9 81.6 294.4

1968 . . 85.1 81.8 303.4

1969 . . 83.6 80.7 301.3

1970 . . 88.4 83.9 316.5

1971 . . 96.] 84.5 329.7

1972 . . 103.2 84.7 344.6

1973 . . 104.5 88.5 353.6

1974 . . 104.8 92.2 372.8

1975 . 111.9 95.06 401.2

PERCENT CHANCE

1960-65 27 22 20

1965-70 . 16 7 8

1970-75 . 26 13 27

SOURCE: Buueau or t1;i-:: CchSUS, DOC, SLoti!.ijejlitype.Lpf_r

United 1960-1975.
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very close to the figures given earlier for the rate of increase in book pub-

lications. It is important to recognize that the totals given in the table

are not restricted to science and technology, and in fact, include maps, sound

recordings and other types of material. The periodical registrations grew 44

percent, an average of 2.4 percent per year.

3.5 The Cost of Composition and Recording of Information

There is little information in the literature concerning the pro-

cesses involved in composition and recording of information. Therefore, we

relied heavily on a study performed in 1973 by Westat, Inc. (14), for the

National Science Foundation that provides some information concerning these

functions for the journal literature. This study provides some evidence con-

cerning the activities involved in preparing journal articles, the labor re-

quired in these activities, and hence, the costs involved. The composition

and recording functions are extremely important to the journal system since

quality of articles is largely established in these functions. Furthermore,

as shown below, the costs involved in these processes are large and likely to

exceed the costs involved in reproduction and initial distribution of articles.

DeSolla Price

an interesting fashion.

(123) has characterized authors of journal articles in

He claims that about one-half of the total output of

papers is generated by a small elite of highly productive authors. For example,

he states, abJut one-half of the articles is produced by only one percent of

the scientists. The Westat study of life sciences indicates that ninety perckat

of the authors held doctorate degrees and about one-third of the respondents

had not published in the past two years. Both studies suggest that authors tend

to be the more experienced scientists.

The composition and recording functions involve those activities per-

formed by authors and their support staff, reviewers and editors. The study

referenced about Irovided estimates of the time spent by 269 authors in the

life sciences. We assume that this amount of time is reasonably consistent

among authors from other fields of science and over time. The principal author

activities are given in Table 3.39 along with the time devoted to preparation

of initial manuscripts and to subsequent revisions.

2

199



www.manaraa.com

T ai) 1 . 39 1.:r1,V111) 'I !II; H.I) L.

Cl, t t r`.;

(lloo,. :.;)

Activity
In it ial

Rmw:ori I) t
... .

1,-;t_

"-, I :: i o.,

2od
i', v ::: .(,,..

3n1
,

v:.:-.;o-

_....

4t1;

R.:,.,i:;;cn

5th

Rov5r,Ion

Literatur2 Scarci, 30.5 4.8 3.5 3.0 9.7 2.5

Preparation of
Bibliography 7.1 1.8 1.7 1.7 1.7 1.7

Typing Manuscript 7.9 4.8 4.0 3.6 3.5 3.4

Writing of
Manuscript: 53.5 9.6 5.8 3.6 2.8 2.0

Formal Internal
Edit 6.9 2.1 2.2 2.2 2.2 2.7

Informal Internal
Edit 6.6 3.1 1.9 1.5 1.2 1.0

Proofreading Typed
ManuscriFJ 2.5 1.8 1.7 1.7 1.7 1.7

Proofrei-, 71,:'qint-

atiou oL (;olloys 2.5 2.0 2.4 2.4 2.4 2.4

Total Author Time 81.6 17.4 12.5 9.9 8.8 7.8

Total Support Time 36.0 12.6 10%7 9.9 9.5 9.2

SOURCE: Survey_of Authorr;.,_Revicuor_and_Subscriher:; to Journals in tho

Life Science (NSF-C769), lqestat, inc., July 1974.

'2 5 7
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In I lir :A iidj ahoy(' i t- III ; p("1. ((111:, ('f

aF I 11 of: i I ed 0;) crvi. ..11,; .111 ;,.. or 1.1 )..:.;foll.: Lytdc hy

Ilit rc fl i H;., z.rt c 1 VII.' .:11t k'.1. :1:rm,:' .11 h...!d!;

of , '17 p, ',. he a r!.. J ;:o r. Zhc.!

under,..00t nu :Iver,,:,o or 1.2 ro,71:ioa:-.. pr-opoiLic.r. icieF

iro.1 no ravi!,iowi Ly to five c.c....LH. . ;11_! !luIlal;ve labor tit!!!

are in T;lb! 0: i by ninho;

nnd tc,,npofAiL .;r1[1- enn he (,hta..iucd [h- !H,!,!! of lb( proi)ortloo e""

121 .yr. Thc total zaithnr

is c!-;tisnated t.3 h 06.6 hziars per ,7-tir71.-. an nt '. It cf:Limated 10 he

47.5 honr5. Tlii lz.bor effort is eonve,:ted nt Coe c:1;d or tlnis section.

Table 3.40 FST1ATr.D PROPORTION OF ARTICIAS P.:'QUIRIEC UP TO FIVE
REVISIONS AND CUalLATlvE TIME

Initial 1st 2nd 3rd 4th 5th
Activity !Iarr.iserjyt Revi.:,ion Ievit; : 7 L U n r . ! r. i ,:, 1 R.:..vit,ic,i I 3ev i

Proportion
of Nss. 0.32 0.50 0.12 0.03 0.02 0.01

Author Tim
(hours) 81.6 99.0 111.5 121.4 130.2 138.0

Support
Time (hours) 36.0 48.6 59.3 69.2 78.7 87.9

SOUROE: Sur..reL of Autllors, tri Jot;11-hW-1 thr
Life Sciennc:; inc., July 1974.

In the V:cstat study in the licc 53 p,.,rcent of the rc!,pon-

dent,: indicated thaL they bad nerved revsio,:,.:r of !.:Ionscr'.pts at sorlo

for ':ci.C.it1177.C2 jourr,a1;;. Of 1:1;c2 percvnt 1lne, Ph.D.

most c.wployed at unIvcr:41tic, ;:hoi I t .e - Iii ; ho of the..%; hnd ovc'r

ten ycals i.r.perionec. Tho UCC!'.--7.7. in Lhis activity

was C.2 haur!-; per 1:,rnoscri. T.1)H n1::o hc co.x..%rtod

costs and inc'uded rLe fie:el Tor ;--c:,,;(1,:n
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Now, in order to establish for the costs of composition and record-

ings, we treated the previous results for authors and reviewers as though they

applied to journal articles in all fields. Thus, we multiplied our time esti-

mates by average salaries (with 50 percent overhead applied) for scientists/

engineers and support personnel. Results are given in Table 3.41. It is noted

that the total estimated cost of composition and recording for scholarly scien-

tific and technical journals was $285 million in 1975. If the same costs hold

for all scientific and technical journals, this total is approximately $1.400

billion in 1975. These numbers are expected to reach $428 million and $2.512

billion respectively by 1980. As will be shown later, the relative costs of

composition and recording are appreciable in view of the entire cost of journal

publication.

The average costs per article incurred in composition and recording

appear to have more than doubled from 1960 and 1980. The constant dollar costs

have also gone up by 22 percent in the 1960 to 1975 period and are expected to

increase about 28 percent to 1980. The growth of total costs is even more

remarkable since it reflects growth in the literature as well as increased

salaries. Total costs are estimated to have tripled from 1960 to 1975 for

scholarly journals and gone up by a factor of eight for all journal articles,

and should increase by 372 percent from 1960 to 1980. It is possible that these

costs may have as much, if not more, impact on the quality and extent of journal

publishing as the rising costs of reproduction and distribution that we are more

familiar with.

We have no comparable data for estimating composition and recording

costs associated with preparing books, scientific and technical reports, dis-

sertations and patents. However, if one makes some very gross assumptions con-

cerning these functions, we can obtain some rough estimates of these costs as a

function of the number of items prepared and the salaries of scientists and

engineers and their support staffs over the years. Our estimates fOr each

type of material aro presented in Table 3.42.

Based on these gross estimates, we calculated tne order of magnitude

of composition and recording costs for the scientific and technical literature

from 1960 to 1980. Our results are given in Table 3.43. From 1960 to 1974,

202
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Table 3.41 COST OF COMPOSITION & RECORDING OF SCIENTIFIC & TECHNICAL
JOURNAL ARTICLES: 1960-1980

No. of SST
Scholarly
Articles

Year (000)

No. of
SST

Articles
(000)

Estimated
Cost per
Article
(Current $)

Estim'ated

Cost per
Article

*(Constant S)

Total Scholarly
Sla

Articles
(Millions)

Total SST
Articles

(Millions)

1960 106 211 8.55 9.73 91 204

1961 108 215 8.81 9.90 95 263

1962 110 219 9.06 10.07 100 269

1963 112 223 9.35 10.26 105 316

1964 115 231 9.60 10.37 110 319

1965 120 240 10.11 10.93 121 357

1966 126 252 10.82 11.17 136 452

1967 132 263 11.41 11.41 151 559

1968 136 270 11.95 11.50 163 636

1969 138 275 12.70 11.65 175 707

1970 141 282 13.46 11.70 190 794

1971 145 292 14.19 11.80 206 890

1972 147 297 14.84 11.94 218 989

1973 150 303 15.98 12.18 240 1,143

1974 151 304 17.15 11.86 259 1,264

PROJECTIONS

1975 155 314 18.40 11.64 285 1.400

1976 159 322 19.72 11.69 314 1,655

1977 162 328 05 11.69 341 1,855

1978 165 337 30 11.58 368 2,061

1979 169 344 235 11.54 400 2,285

1980 172 353 24.90 11.42 428 2,512

PERCENT CHANCE

1960-65 . . . 13 14 18 12 33 75

1965-70 . . . 18 33 7. 57 122

1970-75 . . . 10 11 38 -3 50 76

1975-80 . . . 11 12 35 5 50 79

timing GNP implicit price deflator (1975-1980 NPA) to obtain 1967 Constant Dollars.

SOURCE: Market Facts, Inc., Center for Quantitative Sciences.
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Table 3.42: ESTIMATES OF TIME SPENT ON COMPOSITION AND RECORDING BY
SCIENTISTS AND SUPPORT STAFF

Literature Form

Estimated Time Spent (Hours)

Scientists Support Staff

Journal Article

Book

Technical Report

Dissertation

Patent

102.8

480.0

120.0

320.0

160.0

47.5

240.0

80.0

120.0

80.0

SOURCE: Market Facts, Inc., Center for Quantitative Sciences

total composition and recording costs increased 447 percent, reflecting in-

creases of 520 percent for journal articles, 736 percent for books, 558 per-

cent for technical reports (1965 1974), 820 percent for dissertations, and

156 percent for patents. Again, the reasons LLEse costs have gone up so much

and will continue to do so is that they reflect both increases in number of

items produced and a significant increase in salaries.

3.6 The Cost of Reproduction and Distribution of Information

Again, good data are not available on the cost of reproduction and

distribution of scientific and technical literature. Until such information

is made available by publi,;hers, we murt se the limited evidence there is.

The best information is l'or journal and we will discuss this at

length below.

3.6.1 Cost of_ Reproduction and Distribution of Scientific and

Technical Journals

In order to identify the costs associated with the publication of

scientific and technical journ, Is, an economic cost model was utilized. This

model was previously develc.,,,: For use in a feasibility study of editorial

204
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Table 3.43 ESTIMATED TOTAL COST OF COMPOSITION AND RECORDI2 OF SCHrTlIC &

TECHNICAL JOURNAL ARTICLES, BOOKS, PETOPTS,

DISSERTMONS AND PATENTS: 1950-19E0

(Millions o Dollars)

trttattdEntt

g: Z613,1e1

Tear
l'

1:4:

uNi-u,
Toll. 44'

1917 N4 14

,5
1'1 XI;

1161 . , 213 n .
6 12 fEl

1;62 . 269 A 7 112 47f

061 . . . 3M n .

1;44 319 n 11 1.11 NI

1155 . 357 0 0 A L2 517

066 , , 412 N n M T1 NI

:10 , m 4! n r m !0,

N7 51, 31 N 7;5 1,I;63

477 , 714 A 65 17 21 1,2i:2

V) 6; N 0 7'1 1,711

0;2 , 777 112 4; 41 147

19;3 1,117 102 07 0 "ii

1,254 127 111 46 7.."

1'..75. P. 1,41, 124 145 54

1,555 166 HI 51

157 112

1973 .
2,4;6t :65 216 4:3 2,1;1

1979 . . 2,295 161 24) 72 4;14

01e , ,

20512 ;97 271 71

mina/a.m.
-

PZ7c17I Cl=

194C-65 75 717 270 42 7?

561-70 122 72 242 41 101

11/7-73 . 75
31 44 57

1775-60 . 79 6) 6! 49 41 15

pn:11 thrket tocto, 9n., !:ootor for Olti4natatt,1 hieoror.
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processing centers (14), and was modified by us to allow the determination of

cost trends over time.

The model is based on the identification, in great detail, of the

various components of the journal publication process. Functions considered

in going from an outline preparation of a manuscript through distribution of

a published article include authorship, editing, technical ieview, printing

and distribution, and business management. These functions can be further broken

down into a number of subfunctions.

Each of the activities involved in journal publication has a cost

associated with it, made up of components such as labor, equipment and supply

costs. For example, one activity involved in the journal publication process

would be the typesetting of a manuscript for galley proofs. The cost of this

operation would be based on such factors as the size of the manuscript, the

method of typesetting, wage and equipment costs, and a number of overhead

figures. Combining these appropriately, the total cost for typesetting can

be determined. Similarly, following the flow of manuscripts through the publi-

cation process, costs for each activity can be developed and combined into

total costP.

Parameters used in the original cost model to describe the journal

publication process can be considered in the following categories:

1. Journal characteristics e.g., frequency, size,
number of pages, articles, illustrations, formulas,
etc.

2. Cost factors e.g., wages, equipment., purchased
services, overhead.

3. Process factors description of manuscript flow through
the system, unit processing times.

Values of these parameters were identified through a number of sources, in-

cluding a baseline survey of journal publishing practices in the life sciences

wage data from the Bureau of Labor Statistics, and discussions with a variety

of publishers, printers, equipment manufacturers, and suppliers. In general

the figures assembled related to 1972 - 1973 practices in the publication of

life science journals.

206

2



www.manaraa.com

onr modiE.catiou ne model retained the processing parameters

discussed above hut adjusted journal and cost characteristics as appropriate

to each of the years of publication and fields of science. For the most part,

journ2i :tharacte istics were based on our tracking survey results and cost

figures were coc;piled from available data. Projections were derived from

availoble data or from trends observed in the 1960 - 1974 period. Table 3.44

lists the parameters redefined for this study, along with our source of data

for each.

With the parameters redefined for our purposes, we were able to run

the computerized cost model to obtain journal publication costs for the even

years from 1962 1980 for the following:

1-9. The "average" small journal in each of the
nine NSF fields of science.

10. The "average" large journal.

The distinction between large and small journals was made on the basis

of article pages published per year, with a small journal defined as less than

1,500 pages. "Averne" refers to average values compiled individually for each

of the relevant journal characteristics.

Output from the model for each run inrlud(d annual publication costs,

broken down into editing, typesetting and printing and distribution costs.

These results are presented later in the section, following discussions of the

major journal characteristics and cost factors utilized.

3.6.1.1 Number of Articles Per Journal, Pages Per Article, Characters
Per Page and Kiloword Pages Per Year

This section gives data on the size of journals in the nine fields

of qcience as defined by articles per journal, pages per article, characters

per page and kiloword pages (1000-word pages). The data were derived from ob-

servations of the scholarly journals sampled from each field. These journals

and their articles were observed during the even years of publication (1962,

1964, . . .) and estimates for the odd years were found by linear interpolation.

207
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Table 3 . /14 REDEFINED COST MODEL PARAMETERS
lA

Parameter

Model
?cf. Scvirce of Data

Averagela
Values

1962 1980

Juurnal N,Irac_turIsricli

Averaga uuaber of jourv.11
issues per year

Z21 Journal Tracking Survey
2

5.9 6.7

Average nurber of articles per
journal issue

Z22 Journa: Tracking Survey 11.9 11.8

Average number of subscriptions
pec journal

Z23 Publisher's Survey3 Fry

Study", other sources

5,591 8,566

Average number of copies printed
per journal issue

224 Publisher's Survey, Fry
Study, other sources

6,212 9,518

Average n.:T.t.,.r of reprints

ordecei by. author per =nu-
script

Z27 Author's Survey5 124 204

Percent of ferci4a subscribers Z34 Publisher's Survey .10 .10

Averagu dav chailses per
publlsheI pege

335 Acthoe's Survey $4.50 $21,00

Averas.3e rwmbor of characters

per published pase

Z12 Jeurnal Trdeking Survey 3076 4,196

Percent of juurnal 4uvoted to
maiu.scrIpcs only

233 Journal Tracking Survey .63 .55

Numbcr or tables par averzgo 210 Journal Tracking Survey 1.2 1.1

Number of halftonrs 22r o-iernge

arctcl.!

241 Journal Trackik; Survey 1.4 1.1

Number oe line irr..:Less 2er

avers-:,u irticle

lumbur of nat:1 furaila or
ahor.i.:11 syahol in,uvc; per

avura.:;0 article

242

363

Journal TrackIng Survey

Journal Tracking Survey

2.2

3.6

2.0

4.6

Average nu r of p.;,,; o;
adv._rci.fu.s pur jeor.-ti cuuuu

244 Journal Tracking Sur:uy 1.5 1.5

Pt:rce!at ;Oqidi.lry tezt 24; !urn11 Trac%in4 survey .10 .09

Aver::u :170 of t:;,lo ^!..;e:; 21".6 Trarkio3 Survey .23 .39

rcc!..114 0urvy .24 .26

j Trau!.!lul Survey .35 .27

lr 9 aot Tr ,c'e.faa.; :;urvey .03 .08

1.,11 ta

,.,--r 7

;r0O:17 or RI ,c 5titIic..:; 52.12 55.21

10-1, Sol.iry of :,,er.2.-

rae: LI in a m,trapolltan
Lf".1

52.12

2 C 6
1'6:1

"I.: t 1-

.."; 131;3)
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Tab] 3. /J (cor.t.. ) 1UMI".1:;) COSI PRIO.MI:TEIC.11A

_-__ "---__-_-_- _
Co!.r.....Fatt or..? (ecat 'd)

Year1; selprnd f'cr e::bject
editor's mccretlry

Hourly rate of nanaging/subject
edlter

R3 OrigirA :c'd. t. ,..d-
jusLed as tAl,jC,'.. Ldi

tor's

RIO Origin:1 model Iaza :I-
justed
change in profe,-ional,

$275 $775

$4.93

Yearly stipend for society sub-
ject editor

R11

administrative, tee.:ni-
cal and clerita: 7e.y
(BLS)

Original model data cd-
justed as Sillaly Qf

PhD scientist

$650 $1,P50

Hourly race of author R60 Salary of PhD 56ti5C $5.30 $15.24
(various NSF sources)

Hourly rate of revte,er R70 Salary of PhD scientist $5.50 $15.24
(various NSF sources)

Chanze for full parle af ad-
vertising

R134 Original model.dica ad-
justed by general pub-
lication index

$106 $268

Price to have one halftone
graphic prepared

R151 Origiriel model data ad-
justed by general pub-
lication index

$3.50 $9.00

Price to have one line drawing
graphic prepared

R152 Original model data ad-
justed by general pub-
lication index

$2.00 $4.50

Price to have one plze of
chemical or moth symtAols

RI33 Original model di:a ad-
justed by general puh-
lication index

$33.50 $94.00

Price to have one page of basic
text prepared

R154 Original model dcr, ad-
junced by general pub-
lication index

$13.50 $33.50

Price to have one page of sub-
sidiary text prepared

R155 Original model data ad-
justed by general pub-
lication index

$17.00 $43.00

Price to have one page of
tab...lar material prepared

R156 Original ca.lel data ad-
justed by general pub-
lication index

$20.00 $50.50

Price to have oue pAge of
blank text prepared

R157 Origina) model data ad-
justel by general pub-
lication index

$3.50 $9.00

Printing costs-setups per issue Labor aria equip4,7nC costn $17.00 $43.00
(various sources) ad-
justed by general pub-
lication index

Printing costs-bi !1:.g and rov,rr.

per copy
Labor equip:.iest and

supply costs (vLrlous
sources) adju.t0I by
general pnblication
index

$.07, $.1S8

Printing costr-platea 3nd
collocti-s. per p';:e

Lobar and equ!rent Costs
(vari(qS seinc,$) ad-
justed by general pub-
lication index

$2.20 $5.55

2G7
209

(Continued)



www.manaraa.com

Table 3.46 (ront . ) RED1TTMED COST MODEL PARAMETERS
1A

Cost_rActoru (roat'd)

Printing touts-per impreaaon
charge

a50 equipmat and supply
e:sto (various sourtas)
adjusted by a...sterol publi-

cation index

5.0017 $.0030

Reprint coats-setups 0rtgtna1 model data ad-
justed

$7.89 $19.86

Reprint costs-per copy charge
from printer

7.86A Original model data ad-
justed by general pub-
lication index

$.073 $.043

Reprint changes per copy by
publisher

R86 Oc1gina1 model data ad-
j.;s:ed'by general pub-
licetion index

5.08 $.14

Postage eost-one letter 01 7.S. Postal Service $.055 $.215

Posta g! coit-letter
plus manuscripts

CLM 0.3. Postal Service 5.22 S.76

Postage cot-Letter plus two
manuscri

C12:1 7.5. P.qts1 ervice $1.49

Postage cost per pour1-lourno1
copy mailed to U.S. sub-
scriber

S. Postal 4ervice-
aecdnd c1als rates

5.015 5.068

Postoge costp-journal copy
nailed to foreigu ,.ubocribers

7.S. Postal Serv1ca 5.15 $.68

Xenrol cost of office p.,r :;oplare
foot

a:5o I mo.!el !ata ad-

.;lotel by torsi:met

price fir per-
sonal rent

51.32 45.97

LA

This t.0,1e intILdos ouly t!..coe p.irpr,ct:r; %::lif!.ed 721 tho otilln-,1 co:: tIodel.

For fill Lict of 2.1:,....-Lers L.ee co FPC :onald W.

son 10En C...-rer:: A 3:.;dv to DI.,:erri-.e Fconcmit

.tnd Per: 7: 1.:::o:.12 oe JOU:7-11 111'7'.!!'2;1trIZ

tn th- Jut% !./7'4.
,A

A.4 4 por,v:'.or (,r ard small

pir ro.v,

r'` if rho to.: /Elm!s

ly

i.e Ai.pof,tt I ao4 V.

3

o,4.!; E.

Fr?, 2,:co,c4 vc , r,.
'61

' t,1 t...

9 ti

ct! 'lqrn,13-
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The estimates given in this section were all based on three-year moving averages.

Details of the procedures employed in deriving these estimates are given in

Appendix I.

The number of articles per journal per year is shown 'or the nine fields

of science in Table 3.12 and Figure 3.10. Each of the graphs in 1.gure 3.10 also

provides the overall journal estimates as a basis for comparison. ere are

substantial differences among the fields with regard to the magnitude of the

average number of articles per journal and the trend of this number over time.

For example, Social Sciences and Computer Sciences have a low average number of

articles per journal when compared to the overall average, while Physical Sciences

and Life Sciences have a relatively high average number. The trends over time

are more pronounced in Environmental Sciences, Engineering and Other Sciences.

The estimated average number of pages per article is shown for the

nine fields of science in Figure 3.36, again with overall journal estimates

for comparison. The overall trend of number of pages per article is fairly con-

stant over time. The Environmental Sciences journals seem to have a decreasing

number of pages while the Physical Sciences journals appear to be increasing in

number of pages per article over time. The Social Sciences journals apparently

have substantially longer articles than journals from other fields of sciences.

In order to determine the number of keystrokes necessary to compose a page, we

estimate the average number of characters per page. We did not count the number

of words in the sampled journals, but assumed that there are about 6.0 charac-

ters per word, and from this derived number of kiloword pages and kiloword

pages per journal. Estimates for each of the fields of science are given in

Table 3.45 and Figure 3.38. Kiloword pages per journal differ substantially by

field of science, with the number low for journals in Social Sciences and rela-

tively high for the Physical Sciences. The most dramatic trend over time

appears to be for journals in Environmentll Sciences and Other Sciences.

In the SATCOM report the number kiloword pages per year for their

sample of chemistry and physics journals appears to be higher than our result.

Out of 23 journalq, average number of kiloword pages ranges to over 10,000

kilc ord pages with the preponderance (15) under 4,000 kiloword pages. Their

nine mathematics and six electrical engineering journals, on the other hand,

seem to coincide closely with the ret.lts 2iven in Table 3.45.

211
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Figure .36 AVERAGE NUMBER OF PAGES PER ARTICLE BY FIELD OP SCIENCE: 1962-1974

Physical Sciences

Mathematics

Computer Sciences

Environmental Science

Engineering

I

Life Sciences

Psychology

1 I tit
Social Science

1 1 1 1 1 1 1 1

Other Sciences

1

Year Year

SOURCE: Journal Tracking Survey,
Market Facts, Inc. ,
Center for Quantitative Sciences
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3.45 ESITI:.TED TOTAL Nina OF KILOWORD PACES AND AVERAGE KILOWORD

PAGES PER JOURNAL, BY FIELD OF SCIENCE:

1962-1974

F.6

oi

51,1,nce 29, 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974

. . . 13,3 .661 40,630 50,459 60,788 69,233 69,53 70,512 76,496 86,523 101,975 118,026 128,161

705 6P9 764 844 853 790 735 750 794 895 984 1,025

.... 1N,1 1 53,292 11,7.16 15,153 16,541 19,409 20,965 22,432 22,696 22,743 22,931 21,586 20,943

1,4 360 333 399 424 475 499 522 516 505 499 459 436

, .

. . .

Other Sclencee

All Fleld9

3,331 4,143 5,102 5,403 5,340 5,450 5,857 5,971 6.408 7,078 6,055 5,738 5,491

211 264 283 300 '79 272 279 271 291 322 261 239 229

7,
1,642 0,444 11,961 II,10 .,026 13,448 21,664 23,472 22,641 21,262 24,461

1 .131 111. WO Wd 1110 61 621 V/ '149

II H!: SJ,V6 0 W1,461 109,11N 110,014 126,J 130,416 138,819 145,9',1 141,640 141,100 139,434 1111,1/q

2110 176 416 475 496 524 571 622 650 622 617 616

3.)9,',11 3 3110'.48 315,6711 320,612 314,431 307,3:6 331,122 308,917 328,316 334,604 321,764 331,115 330,960

547 542 541 542 526 502 485 493 524 531 5181 514 509

l6.1i9 18,051 17,818 19,117 20,842 21,664 21,741 22,032 23,226 24,755 26,303 27,920 28,947

533 311 283 290 102 297 279 2.9 270 275 293 291 287

68,636 86,467 106,757 113,359 105,935 106,156 110,871 115,705, 118,242 117,895 115,306 113,76) 114,551

Di 146 199 705 187 181 132 186 187 184 176 110 169

180783 19,076 21,213 21,409 22,960 25,559 28,932 34,645 36,191 43,790 488,191 49,476 46,291

361 406 451 446 478 522 590 707 739 894 997 990 976

566,291 611,125 622,167 649,356 678,315 708,668 732,871 752,118 773,411 790,965 786,085 805,106 816,228

314 384 382 390 393 404 408 413 421 426 417 420 420

60l,RCE: ournal Trbckfog Survey, Market Facto, Inc., Ce.otur.for QqaotItative Sciences,

2 73
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Cr. lactors

Th Factors that have the greatest impact on reproduction costs are

wages, rent, r nt, aper and postage. It is emphasized that there are

other factor lso affect cost, but the discussion of these will illustrate

why the cost oduction is increasing so rapidly.

The wages for secretaries; text editors, proofreaders and copy edi-

tors; managing editors; Ph.D. scientists; and union printers are given in

Table 3.46. The data are also illustrated in Figure 3.39.

The current dollar wage rates increase for all personnel categories.

The constant dollar wage rates for secretaries and text editors have remained

about the same. This makes some sense, since there is a fair amount of turn-

over in these areas. The total number of hours contributed b: these persons

is not too great. In the other areas, where the number of hours is more, the

constant dollar wages have gone up. For example, managing editor constant

dollar wages have gone up from about $5.50 in 1962 to about $6.25 in 1974 which

is about a 14 percent increase. Their hourly wages should remain fairly con-

stant until 1980. Constant dollar wages of the Ph.D. scientists have increased

from a little over $6.00 in 1962 to about $7.50 in 1974, which represents about

a 25 percent increase. Their hourly wages should also remain about the same

in constant dollars through 1980. Another Increase is for union printe,s.

Their constant dollar wages have increased from about $4.00 in 1962 to $4.60

in 1974, which is about a 15 percent increase, and their hourly wages should

continue to increase to about $4.91 in 1980 which is about another 7 percent

increase.

As shown in Table 3.47, the average office rental has not gone ip

nearly as fast as wages and sou,e of the other cost factors. The average rental

in &Mars per square foot by current dollars and constant dollars is given in

Figure 3.40. The constant dollar values have actually decre,,sed rather substan-

tially from 1960 to 1974 and should continue to do so.

Equipment and typesetting costs in current and constant dollars are

shown in Table 3.48 and Figure 3.41. The Wholesale Price inde7t for mach:nery

216
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"Al,) AVERAGE HOURLY WAGE RATES

(Current

FOR PERSONNEL ENGAGED IN JOURNAL REPRODUCTION:

and Constant Dollars)

1950-19q

lersorncl 1960 1962 1964 19i6 :963 1970 1972 1974 197,i :.978

Secr,?tcr!,:$

Curreit $ 2,20 2.32 2.45 2.57 2.81 3.15 3.57 3.98 4.35 4.76 5.21

ConstaLt $ 2.50 2.58 2.65 2.65 2.70 2.74 2.87 2.75 2.58 2.47 2.39

Test Editor/

_

Cy.trent $ 2.97 3.18 3.41 3.75 4.21 4.74 5.32 5.86 6.46 7.12

3.19 3.30 3.44 3.52 3.61 3.66 3.81 3.68 3.47 3.36 3.27

1-4

'

Curren.'.. 4.65 4.93 5.40 5.80 6.38 7.16 8.06 9.04 10.01 11,08 12.26

Constant $ 5.29 5.43 5.83 5.99 6.13 6.23 6.49 6.25 5.93 5.75 5.62

Ph.1). Scientists'

Current S 5.05 5.50 6.00 6.60 7.50 8.25 10.00 10.87 12.17 13.62 15.24

Constant $ 5.15 6.11 6.48 6.81 7.21 7.17 8.05 7.51 7.21 7.97 6.99

Uni-n Prin2rs

Current $ 3.30 3.41 3.63 3.85 4.27 4.97 5.89 6.69 7.95 9.18 10.70

Conr,tant $ 3.76 3.79 3.92 3.97 4.11 4.32 4.74 4.62 4.33 4.77 4.91

p:ice deflator (1975-1980 NPA) used to obt:abl 1967 Constant Dollars.

r SOURCE: See Table 3.44.

or7r1
._1I i
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3.47 AV!.,Ac::, cwAIL..1 ;1

(Dr. ) I a r Foc):.

_ .
. . . . .

19(.;) (,62 c.:1-)14 1".',./C; I cri tL 1.9r,()

CurveTv, 3. 73 3. S Y . 90 , Qj I. 5 4 . /:(1 4 3. 5.40 . 8 5.97

ConstH10. S 4.25 4.25 4.71 4.14 3.°I 3.53 3.70 3.00 2.74

_ . .

SOW:CL: Ju,.! Table 3.44

8

7

7.; 6

0

0
0

o
L!,

4

-.`6 3

Figure 3.40 AVE,ItGF, REF,TA1 COS PE1 :,QUAV.E 170(q: 1960-19SO

r.-nt 07 ...d
0 -co Cu ru .-.;1 DO l r
0 0 (Son `.; 1), ) L.
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or

.;;N'1".110: EQUIV_ENT 40LES4\LE PRICE INDEX AND

Ur.1%CE 1VESEF1X COSTS: 1960-1980

(Currat and Conscant 1967 Dollars)

7 5..

151)1 !qo MI_ 1'112 10/ 19in 19111

94 02.1
94,:j 105.6 115.7 123.) 151.0 162,4 114,6 181,8

IL $ 101.1 101,6 99.5 100,0 101.5 100.6 99.6 104.4 96.3 7.7 86.2

3.35 3.64 J.16 4,65 4.41 5.12 6.00 6,7; 7.48 3,29 9,18

C. $

111.1r.'1,1,1 hi

3,91 4.01 4.16 4,18 4.28 4.45 4.83 .316 4.41 4.31 4,23

. IIi1 $ 1.11 1,02 1.92 2.02 2.22 2.56 3.00 3,17 3.71 4,14 4.58

$
1,11 2,02 2.01 2.08 2.13 2.23 2.41, 2.33 2.21 1. 5 2,10

I

C.11'1,11 11,66 31.40 31.2; 37,15 40.17 44,9/ 55.00 61.88 68.60 16.00 84,20

$
36.04 17.13 18,08 18.34 39.20 4.0.84 44.26 42.18 40,66 39,47 18.61

t 'llt 12.41 11. 14.14 14,05 16.10 5,79 22.00 24.5 2/.44 '.40 31.68

14,41 1160'.1 15.21 15,)) 15.67 16,34 17.10 17.11 16,24 15,79 15,45

,11,11 101

I
16.11 11.60 17,91 18,90 20.76 23.10 31.50 34 90 49.67 42.8;

18.34 18.90 19,39 19,50 19.96 20,78 22.53 21.18 2,1.0 20.0

'12r.r(.11.

19.00 20,04 21.15 22.21 24,45 28.17 33.00 17.14 41.16 45.60 50.12

$ 21.63 22.28 22.85 23.00 21,51 24,49 26.56 25,67 24,40 23,48 21.18

31.41

Cqrront 5 3.45 1.64 111 4.05 4.45 5.12 6.00 6.75 1 43 0,29 9.18

$ 3.41 4,01 4,14 4,18 4.28 4.4) MO 4.67 4,41 4.31 4:1

C12 1111e1t price deflatni '1975-1980 NP,41 used to obtain 1967 Constant Dalian,

SOURU; See Table 3.44
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Table 3.50 POSTAL RATES' 1960-1980

(Current and Constant 19E7 Dollars)

Postal Rates 1960 1962 1964 1966 1968 1970 197j 1974 _1976 Int 1980

Non-Profit Publication

(per pound)

Current $ .015 .015 .017 .018 .019 .021 .025 .032 .039 .054 .on8

Constant $ .011 .011 .018 .019 M8 .018 .070 .022 .023 .028 .031

8eo(ar PullIcation

'per pound)

Current $ .023 .025 .027 .028 .030 .034 .042 .052 .067 .006 .111

Const t $ .026 .028 .029 .029 .029 .030 .014 .016 .040 .045 .051

First C1344 Letter

(por (Iow)

Current $ .04 .04 .05 .05 .06 .06 .08 .10 .11 .15 .18

Constant $ .05 .04 .05 .05 .06 .05 .06 .07 .08 .08 .08

Lotcr

(per ounce)

Curroit $ .07 .07 .08 .00 .10 ,10 .11 .13 .13 .14 .15

Cov!mit $ .08 .09 .08 .10 .09 .09 .08 .07 .07

Letter plus 1lanuscript

Cumi $ .22 .22 .26 .26 .32 ,32 .38 .45 .46 .59 .76

ConAtant $ .25 .24 .28 .31 .28 ,27 .31 .35

implicit price deildtor (1975-1980 NPA) used !-() -.. :din 1967 Constant Dollars.

SOURCE: See '1"able 3,/!

2,8.)
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a .60

Figure 3.43 POSTAGE COST OF A LETTER PLUS AN AVERAGE MANUSCRIPT; 1960-1980

Currcnt Observed Cosi;

- 4 Curre.tnt Forecast Costs

0-0 Constant O!)6ervt.,d Co:As

Co:Is.ant FoNcalit

.0"

1960 62 64 66 68 70 72 74 76 78 SO

SOURCE: Table 3, 50

287
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Results of this comparison are shown in Table 3.51 for the nine fields of

science.

Table 3.51 AVERAcr RUNOI.TCOSTS FOR SCIENTIFIC AND
TECHNICAL JOURNALS, BY FIELD OF SCJENCE: 1959

(Average Runoff Cost: Miloword)

Field of
Science Case Mode] EPC Model Difference

Physical Science .0032 .0039 .0007

Mathmatics .0042 .0052 .0010

Computer Sciences .0035 .0038 .0003

Environmental
Sciences .0038 .0042 .0004

Engineering .0025 .0032 .0007

Life Sciences .0033 .0043 .0010

Psychology .0046 .0053 .0007

Social Sciences .0058 .0072 .0014

Other Sciences .0032 .0036 ,0004

SOURCE: Market Facts, Inc., Center for Quan;,.tative Sciences.

Overall, the estimates from our cost mod.el appear to be about the same as

those from the Case model, with the difference between the two ranging from

.03 to .14 cents per kiloword.

The SATCOM report (59) gives runoff costs in 1968 as shown in

Figure 3.44. Runoff cost per thousand equivalent words per copy is plotted

against average size or a single issue, for journals in all fields. The solid

curve is an ari,itrary one drawn for rererence. These data range from about

.25 to 1.4 cents per kilm!ord depending on the number of kilowords per issue.

Our results show a range cf .40 to .63 cents. Our cost data are shown in the

interval on the figure. It Wonld appear that our costs are lower than those

reported in the SATCOM report.

226
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r
5-- 1

./ ,.-: \
.i

C.

. I ,,)

,

C.

Pf I t Vera, s Size hi zt.ci S.ATC.:ChA

500 1000

Th ou:-; an hi Equiv:,len1 Wo,-t:. Per .... '

SOUR : CO \.1

Prerun costs reported by SATCO.': are. in Figure 3.45. These

costs rano f roci. about $25 to ,;90 rer !ziloword anc: represent prerun

cost:s for individual journalr in various fieldN. For journals containing

adverti:ling or other non-resc.arch material, the figures are iniended to apply

to the research material only, but may not alwry,; fully realize this inten-

tion. Llecl,. dots id(ntify joutnls .1)aid editors, for which

one con be sui:e thnt there nre no costs for technic:31 editing. Our

average costs; for 198, represented by a lit,c a_-rot4s; each field, appear to
be fairly wel 1 in line wi th tho!;e repor

In a 1959 study (';), total cc_;t- dLs ie,-;nti fled by the

Nai it)l,j ir,i1 for s.-.N.,yr:!1 fie! oF rxione. Their data and

our c:lu iv.t1 uit, ;Into are givt II in T.--1)7..c. F . Science Foun4at on

co I cu!;:ted I lie aver,ge co:-,t per rt For s5viti fic journal5;

!wd hy prorco,.J.1 Fillure in-

crenf-d ;-0 '1.9177 , Oar t lot l-(. is $1..0154 per kiloword.

227 290
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T;;;11, AV1- cr. tH: 1:!;1 ;()Ir.: '.(:11

1.1 : .1(;59

Cheri

(0011rr!;

r Bio1ors
1),.t

1..1.

00.5 1 Am3 .t)100 .01200 .0196

CPC .0130 .01 (.1 .0138 .0113 .0132 .0187

Diff,:cNrc .0049 .0067 .0002 .0028 .0011i .0009

1

Scl,,noe Clia;-,;.:etri1Ft. cr Srl,nrific ;ournalc 1949-1959 (Osr 64-20),
Ao:1,w;,.. 1964.

2

Cost N.Ide 1, Marl:f.:t 7nt..ls, Inc. , Con tcr rz.c. ,.M.:nt 1 Lot ivy F,ienres

For corciol. :oureals the cemi-:arn1,, ure3 quoted by NSF weru $0.0268 in

1959 z4'.1 n0.0394 in 1962 211c1 for uni...ors2ty press journals the figures were

$0.0266 in 1959 cand $0.0275 in 1962.

A report from the Intern-ti_onal Congress of Scientific Unions (ICSU)

(12$) cdlculated that In 1964, the everc.f-,3 cost per kiloword for a U. S.

society journal in the biological sciencs was $0.0196; for a commercial

journal it was $0.0206. Our 1964 cstimte for the life sciences is $0.013.i per

kfloword. Another TCSU (63) study, in the physical sciences, produced figures of

$0. 024b kilo..7ord for a 1964 journal published by a professional society

in the U. S. The comparchle figure for co,morcial journals was $0.0377. Our

estim.fic Fur the physical sciences is $0.01;6 per kilowurd. It is worth noting

that_ both TCW r.thiCii.:_; reported svhs;tant.:ally gre=tter costs in some other countries.

In Cest,cir.,,, for exo..,11e, Lb: averc6o cost pel kiloword for a journal published

by a sc;:eLific society lu tho sciw(cen YS5 $0.0785, more than three

tim...1 the U. S. co,rs. ln Cro(q tho average cost In the phynical

sciePiw. o..crc H1 ), 0.17] per hilo,.ord, almost twclv times

the cc 1., S .

2 1-) 2
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co,L. Iron unc 1.:'1-1 in

"i.5) i.61 by flold Lo cf.)Ls

shov,' .1)(, pr !it-) rw,orr cw:1_ pct cop:,', nod tot;.:1 rust per

copy. A1)7- oco Lho to!:11 per 1ouco.11 :19'1 t:(A;L pc., sub-

scri4-r. 1 F d 1 nolod IbN1- our ef.LiAllte ou NU ovcri.11 av(,)r;;T.

or sucHpLl,):1:.--:, Iltf2 1).:111)(,.: or Flub'.r.rib,,n.; per jo,nr:1 v;x1f2s

, f-r I ts. Hold. F 6o 1G.Vc o;" ;-1-:1,-0.-

ti(11-i!. by 1j0,1 !;() cnml VG: Llic:0 a lcgc por:tion

o;t; rtl.c ruocjI ubl.(:1) ul1.1 vrtly rflr, ii :F: ci. or sub-

script;, Ibis 1.11:,1Lcirloft On Crli IrOdr.1 1:; no jirTort:IIL one.

or

29;3
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3.5 ; oF T\1)1C,...1,

, Year

1962

1964

1966

1968

1972

1974

1976

1978

1980

1962-191,8

1968-1974

1974-M0 .

SOUCr.:

C1. per }:H.1.o.:ord ($) Total Tou1
,.... ... ________ --------- COst Per Cost

Rur.ofi Total Journal per

__..- .

nt
_

Prert Ify2 t.: n(,r Cony pel. CODV _NCO)._ Sub:,crflter

43.50 18.55 .0043 .0142 51.8 11.18

41.90 15.80 .0046 .0136 51.0 10.27

47.'!2 17.88 .0041 .0134 73%0 13.54

54.57 21.57 .0047 .0143 73.9 12.29

70.31 29.44 .0049 .0159 104.9 15.55

81.20 33.91 .0056 .0180 139.6 20.22

92.71 36.56 .0061 .0194 162.2 22.07

104.97 41.18 .0065 .0210 183.6 24.06

115.15 45.45 0070 .0223 207.4 26.22

PERCE:T CHANC.E

9 5 16

57

42 '14

9 1

20 27

43

89

24 49

t.ot 1.1od,:21, 1,1T.Let 11,...Ls. Inc., for QnantitnLive Sciencef;.

10

65

30

23 1
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Table 3.54 ESTIMATED PRERUN, RUNOFF, AND TOTAL COSTS OF A TYPICAL

MATHEMATICS JOURNAL: 1962-1980

Cost per Kiloword ($)

Year Prerun

1962 55.32

1964 56.77

1966 64.90

1968 67.68

1972 88.96

1974 104.92

1976 118.38

1978 133.01

1980 146.09

Runoff
eset per Copy

30.36 .0056

30.69 .0034

34.86 .0059

34.68 .005E,

48.08 .0067

57.63 .0083

62.24\ .0083

69.22 .0089

76.40 .0095

1962-1.A8 .

1968-194 .

1974-1980 .

22

55

39

14

66

33

PERCENT CHANGE

4

43

14

Total
Cost Per

Total
Cost
per

Subscriber
Total

per Co

Journal
(000)

.0182 34.0 7.40

.0175 36.5 7.35

.0186 46.1 8.55

.0177 58.6 9.75

.0206 75.8 11.23

.0245 79.7 11.54

.0253 102.3 13.91

.0273 128.3 16.81

.0291 145.8 18.43

97 72 32

38 36 18

19 83 60

SOURCE: Cost Mndel, Market Facts, Inc., Center for Quantitative Sciences.

)9:-)
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I , L'' ()I' A

Cw;c. pe: A (s)

., --

Total
Co,-J Per cm;t7

per

P.Koruo 'N. pc, _ _

Total
l)(r Cy',7- _

Journal
(000)

1962 ..... 43.22 18.26 .0042 14.9 3.21

1964 43.92 17.82 .0038 .0131 20.1 4.05

1966 47.52 17.48 .0037 .0130 21.3 3.94

1968 52.40 19.40 .0040 .0131 24.0 3.99

1972 71.50 30.12 .0047 .0159 38.7 5.74

1974 78.86 31.57 .0055 .0175 40.2 5.82

1976 92.03 35.94 .00)8 .0190 49.5 6.73

1978 102.91 39.12 .0064 .0206 57.6 7.55

1920 116.45 46.75 .00fl .0223 66.5 : 8.41

CH:Y!:(2,E1"-TC(::;-

1962-1968 21 6 -5 -6 61 24

1968-1(..,74 66 81 38 34 68 46

1974-l9;;0 48 48 2! 27 65 45

SOU: Co!,L 1.1(,dt.1, N11-:;ot Scirocc:;.
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Pv...-o).

I. 1,

1161(1::

Tot,1

Cos! Pio.

ToL)1 ' Jcur)-11

(0)

'Cot-. 1
Cw;t.

pc..)r

1'.)

1"1,7 46.71 21.75 .1,0i; .015; 16.1 3.61

47.),', 21.40 .c0::,.! .01'42 4.41

1Y.78 .00:3 .0;',0 38.5 7.14

51.01 1r).01 .6i.s:!u .i'3 72.0 1L.97

70.5 30.0/ .(,(1.%7 -.,)i'i. 01.2 9.07

71.71 24.42 .00.')6 .0[55 63.r, 9.2

11)/0 89.il 13.50 .1'1,9 .01C:8 79 :! 10.78

19/8 101.15 "',7.36 .08::,') .0.7.H) S8.0 .11.54

i10.81 41.12 .00' J:21°, 96.7 12.16

-7 -It 331 212_

L:7; 3') 1/ 20 -11 -21

5) 66 51

ftH '. ,

2 !)
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'1';i!,1(' 3. / I': I I

()I: : .1

1969

1964

1966 .

1968

1972

1974

1976

1978

1980

196?-196-;

1968-1914

1974-1T-41 .

Cot,t rei ;:i I.1 M

Mitiorf 101 n1

Pi-eril '-ct 11: r CV,,,' P('1 CopY...

19.19 14.23 .0035 .0124

42.09 15.98 .0038 .0128

45.81 15.83 .0036 .0125

51.04 18.04 .0038 .0128

65.56 24.62 .0042 .0144

74.49 27.13 .0050 .0163

86.08 29.93 .0052 .0175

97.11 33.32 .0056 .0190

106.50 36.81 .0060 .0909

PERCE.IT CHAN(.;E

;1) 27 9 3

50 29 27

4-3 36 22 24

Totol Tot-1

Co9r Por
Jourit11 pur
(Got)) r

_ . . _

27.4

35.0

44.0

65.6

75.6

89.9

102.4

115.3

83

72

53

SOKT: Cm,:f ! i. t*,.t .._11tcr ir Qt.;:ntitdtivu SHoncos,

2!)8

235

5.17

5.52

7.31

9.7?

10.96

12.24

13.4?

14.57

41

50

33
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Table 3.58 ESTIMATED PRERUN, arToFF, i'ND TOTAL COSTS PER KIL011ORD

OF A TYPICAL LIFE SCIENCES JOUWL: 1962-1980

Year

Cost per Kiloword ($) Total
Cost Per

Total
Cost
per

Subscriber
Prerun Typeset

Runoff
per Copy

Total
pclr Coay

Journal
(000)

1962 42.14 17.18 .0048 .0144 39.8 8.58

1964 43.25 17.15 .0044 .0136 40.1 8.06

1966 47.45 17.71 .0046 .0140 43.2 8.01

1968 53.16 20.16 .0050 .0144 45.8 7.62

1972 67.82 26.95 .0054 .0161 60.2 8.92

1974 77.51 30.22 .0064 .0183 69.9 10.13

89.38 33.23 .0066 .0195 38.5 12.04

1973 100.75 36.96 .0071 .0211 99.6 13.06

1080 110.21 40.51 .0077 .0124 108.3 13.69

rEI:c1:T CP\NGE

;.962-
17 /4 0 15 39

71 23
-ri 53 33

42 34 20 22 55 35

, r,. , L i .0 ivc Sc Ler.
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Year

1962

1964

1966

1968

1972

1974

1976

1978

1980

1962-1968 .

7968-1974

1974-1930 .

TOTAL COSTS 01: A TYPICAL
1962.-3_980

Cost per Y:!..ord ($)

,irernn Typset
Rnnoff

pc:- Copy
Total

C2j,..

43.25 23.62 .0075

_p_i_.r

.0168

50.52 24.40 .0051_ .0163

56.62 26.57 .0061 .0172

62.39 52.84 .0063 .0174

80.86 39.98 .0072 .0199

96.53 49.24 .0091 .0241

106.91 50.76 .0087 .0242

120.27 56.48 .0095 .0296

131.91 62.22 .0103 .0281

PERCENT CHANGE

29 24 10 4

55 -7 45 39

26 13 17

____________

Total Total
Cost Per Cost
Journal per
(000) Subscriber

28.2 6.08

25.8 5.19

30.7 5.69

31.8 5.29

41.3 6.11

52.9 7.65

50.3 6.84

56.8 7.45

.63.8 8.07

13 -13

66 47

21 5

I

SOUR: Cost ModcJ, 1.'i-ict!=., inc., Cv:ILCV for Quant.Lntive Sciences.

300
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Table 3.60 ESTTNATE0 PTff:111JN, :\ND TOTAL COSTS OF A TYPTCAL

SOCiAL SC.1:;(-1ES jOURNAL: 1962-1980

Year

Cost per Kileword 0) Total
Cost Per

Total
Cost
per

SubscriberPrerun

Runoff
Typeset per Copy

Total
per Con

Journal
(000)

1962 53.59 34.32 .0079 .020+ 24.0 3.02

1964 53.54 27.44 .0059 .0174 18.7 3.76

1966 59.76 29.7] .0058 .0175 18.3 3.39

1968 63.29 30.29 .0061 .0173 20.3 3.46

197''
! 83.38 42.50 .0071 .0202 26.2 3.89

1974

, ,

45.43 48.14 .0053 .0230 29.3 4.24

;

1976 110.71 54.57 .0089 .0249 30.9 4.21

1978 125.03 61.24 .0098 .0218 25.8 3.37

1930 11.1.52 67.81 .0107 .0293 36.2 4.57

_ PEIICT CHANGE

. -23 -15 -15 15

'39 .13 33 44 23

!It 27 24 8

, !.!... , r,1- i t.:1L ive Se LerIce:,;.

30i
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Table .61 ESTEfATF0 PRERU:1, =FF, A.0.) TOIAL COSTS OF A TYPICAL

OTHER SCLEC::. JOUR::AL: 19a2-1980

Year

Cost per Kilowurd ($) Total
Cost Per
Journal
(000)

Total
Cost
per

SubscriberPrerun Typeset
Runoff

Ony_
Total

Der Copy

1962 40.83. 16.20 .0040 .0132 26.3 5.67

1964 42.47 16.37 .0038 .0111 27.3 5.30

1966 46.68 16.64 .)037 .0128 36.1 6.68

1968 51.15 18.15 .0040 .0129 50.6 8.42

1()72 66.48 25.60 .0C.46 .0150 111.4 16.50

1)74 72.09 24.30 .0052 .0162 123.0 17.82

1976 87.81 31.57 .0056 .0182 144.9 19.71

1Q78 98.96 35.17 .0060 .0196 163.0 21.36

D30 108.03 38.33 .0065 .0209 130.7 22.85

! H,".-1,.';,:: ").5 I.? 0 -2 92 49

; --'7 1.';',", ';1. 3/ JO 26 ; 143
i

112

Hi:, :',1;,0 -.0 55 29 28

"', C., 'nr

3 0 2
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3.6.1.!!

` f Vt-,1%. rol inr.lu,.le fees Crum sule.;criv-

3nd othr:;. There

is noi.. 0: thesf! s'Jurcz.'!; r.vnlln1,1r in the liter-

at;i:, Uoi. L../ 1 dF. sonic. information

.; 1C!(Y1 1c)7.; .ore:J1:do'..rio.; tor

purc, L, :i;)(1 scif2nuu joun:Als from ',Ms

!Audi

Table 3.62 FOR F:ONGLAPLY JOULNALS 114 PURE

'NUN(;i.f.',:s. AI) SOCIAL SCIENCES:
1969, 1971, 1973

(Pcrcent)

Sotircof: of

I

........_._ _....._ .____

1.t.1-, Sr i: r. .-c. (n--:)
1,..t,--," .. 1173

_
Sr. ic.r..c. t. Tech-Q1c,ry (n=50)

Itcy_t. a! I c:._ -- .._ 1S69 197 19731

Subscripil..= 49 49 51 38 40 41

Soc Iety Du,: q . 27 28 28 30 30 28

Other Pub. Sr. 1 as 4 4 4 6 6 6

Advert ising 6 4 4 21 18 18

Page Charges . 11 12 10 2 3 3

Subsiclieg 3 2 2 3 2 1

111.4cellnnort 1 1 1 3 3

Total 100

Soc Ica Sciences (1.-69
1969 1971 1373

50 45 46

30 39 39

4 3 3

6 6 5

- -

4 3 2

6 4 4

SOURCE: Fry, Brrn.-rd 1i. nr4. hrrt S. tf rr, and It, teract lop oF the Pohl if.3.1ter-LIbrary_.Relat onsh:12
in t t Icn of F.. h -1 or y_ : h itr (1:SF GS-41398) , Indiana Univursity,
Nu.urbet V15.

One sonrcc, c) Natun:lly, scientific and

technical jorit,-D1:: do not wiLiolly h(.ve the lnrge oudlenes which advertisers

de:rire. 1.3.1L a gre-.t. jo:ffnals, e:;vcinlly th,.)se which are applicaLions-

orioot,d, ;1,711:'d, or ,!;_rect ura.les, do publish adver-

tisomL2nis for (1,-ugr;, technical cquipmont, and other

prodnet (.)r

240
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A dir-ci. 1.1e:loie,..1 nt. or Jorj;,.:J adv,rting was 11(+::

;or sspiplo of journ:Ils. ¶ iI, hecvcr, cotn,t pa,6c.; oF jver-

y i tl In tho trarLing the

of yo:ir celcoiatyi For cach

r ace 6::::p..1yotl in T:1)jo 3j,3 Fitirc! 3.66. Thero is obviotvAy

n fico 1e;-.; of arIvertlt,;.ns; publi.H1.5.,d each

ye:1r. The 1[0.1. coni:rtenfl-f pub21:;11 the r.-..;st ac:o:ertj!..ing are the Lift

ocrort. :! Other rti...;a1;ng in the hundr.e.d5; of pages

cach the lt.ast ad-vrtibing -kJ:2r .:Ir are Mane-

mntic:f, P.Lyyc:luicT,y.

Tahln 3.63 ESTITYM PI:TS P1JR1.1SHED Pt JOUP.NAL mt WAR:
1962-1974

Fiold of FoAoh,.e 1962 1964 1966 1970 1972 1774

Physlull S. . . 87.4 66.3 81.3 78.4 71.3 60.1 49.4

Mather.41tics 12.6 14.4 14.9 14.7 14.5 14.3 14.6

Computer Scien,:c1 . 53.6 74.9 93.8 98.0 79.2 61.5 55.7

EnvIrno..,cntzil

Science:- 6.6 13.2 51.2 62.7 82.8 65.0 76.1

Engtn(crIng 128.5 130.8 136.0 130.1 124.8 121.0 119.0

Llfn Scieuce . .. 176.3 200.8 206.5 211.6 182.2 156.2 149.4

PsychAogy 10.6 12.0 14.2 15.0 15.2 14.8 15.2

Social Scienc.r.- 5.1 4.4 3.1 2.5 2.9 5.3 6.3

Othir ScirW"Of; . 197.6 225.7 241.4 277.2 269.1 271.2 269.4

JrnA TrncLin); Morket l'actc, Inc., Conter fur Quantitstive Sciences.

3 0
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Figure. 3.46 PAGES OF ADVEaIS1NG PUBLISHED PLR JOUB?AT. PEB YEAR: 1962-1974

Physical Science

1962 66 70 74

1001

801

60

40
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Environmental Sciences

1962 66 70 74

25
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20
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200
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0
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70 74 1962 66
250
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66 70 74
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//
1962 66 TO 74 1962 66 70 74

YearSCT:ECE: TabIA: 3.63.
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70 74
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1962 66 70 74
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Definite trends in advertising pnges are appareat for come fields.

Advertising is declining for Physical Sciences, and since 1968, for Computer

Sciences, Engineering and Life Scienc,:s. Mathemnties has held

fairly steady since 1962. Advertisin in Social Sciences journals declined

until 1968, and then rone in succe-ding ,;;irs. Computer Sciences advertising

appears to have peaked arouad 1966 or and then began to decline. The

trends in Environmental Sciences and Other Sciencos are not so clear. 'inviron-

mental Sciences advertisinf; is sor:ewhat confued hy the outlying value for

1968, but it 'appears that Chece has imoen an up-ard trend since 1962.

Figures from the Indian:A study (48) in adv(rci. .1g pages per yei..

shown in Table 3.64. These are, -ill general, strhsantally lower than the

results of the Journal Tracking Survey. and the discrepancy would appear to

be worth looking intc.

Table 3.64 ESTWATED MENAN NUM;ER OF :,DVERTISE:O PAGES PER JOURNAL BY
DISCIPLINE: 1969, 1971, 1973

1969 19;1 1973

-% 1.11c. Do Not Advrrtising 1:110 D.; Not Advertising 2: Who Do Not Advertising

Print Page!; Per Print Paces Per Print Pages Per

DisciOlne AdvertisPmi-mts Year* Yenri. Advertisements Year*

Pure Science 64 0.4 64 0.1 64 0.1

(N=44)

Applied Seicnce
6 Technolou 44 13,5 44 6.0 48 3.5

(N=50)

Social Scienes 48 1.8 46 3.0 40 4.2

(1465)

For thJse journals which acccpr. advert:1:11[1g.

SOUKCE: Fry, Pcfrnlrd H. and Hcrbert S. rlitc, n7,1_Inty.arti.f-2 of the_POlinher-Libray_pelat.1nrvihip

in_the_Prodion fh;u or rrhol;,rly.ryo)l5-; (rsr (!1-41390), Indiana Univen:ity,
Now.nher 1975.

Another sou,-,Ae of incone to pnhlisher is page charges. Tn 1968,

Conyers Herring (59) reported that. the pLactice of page charges had become

widespread. The practice was Ipucil Lft.re prcvl lent aL,ong societies and non-

profit ort;ani7ntion Lhan with priv:'te pu1i5:.hers. The rrall;e of charges
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appeared to be botwe . $10 and $6n for societies with an average at, perhaps,

about. $45. Nonprofit publishers charged beteen $10 and $40 with an average

of about. $25.

To bring this inferm:ition up to date, our Author Survey asked res-

pondents to indicate the totnl amo,lat they had to pay for pa ge charges. Our

results on page charges per article are only approximate, due to an ambiguity

in the questionnaire; SONO authors reported per-page page charges, while most

reportcd total p.:ge charges paid. Thefore, we assumed that dollar amounts

of less than $100 reported for thhi question were actually per-page charges,

and multiplied this times an average of seven pages per article to estimate

total page charges. Results of the average page charge per article are shown in

Figure 3.47 and Table 3.65.

F':om the author survey results we migbt conclude thAt the percent

of -niJlors who do not pay page charges has remained fnirly constant since

1968. However, due to the shift in non-responre rate for this question (from

2-..97, for 1968 articles to 67 for 7975 articles), it is not safe to conclude

that the apparent in( ,:;risc in the percent of authors who pay page charges is

real. Herring found that the proportion of authors that honor their page

charges is slightly decreasing over time. Unfortunately, we cannot confirm

nor question this finding due to the shift in response rate.

Page charges are voluntdry in many cases. Even if an author pays

a page charge, there is no guarantee that the author will pay the entire re-

quested amount, as pointed out by several of the author survey respori6VMD"

Nevertheless, our re!-Jults sngest a slight increase in average page charges

paid since 1970 - 1972, perleips reflecting more stringent requirements on the

part of the publishers.

3.6.2 Total Cost of Ropro(luction nd Distrihution
wisp

The total cost of reproduction and distribution, shown !II Table

3.66 was arrived nt using n c:).1'iu.7tr01 of techniques. The methodology used
dIkr

depended on the type of literature, tat is, journals, books or technical re-

ports.' In genernl, we felt that the me: accurate approach was

3 0 7
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the nuber of liens by the average price :-;irice the price best represents the

cost of reproductiou.and distributlor..

Item

Table 3.65 ANALYSIS OF PAGE CHAGE DATA FROM AUTHOR
SURVEY: 196C-1975

1968 1969 1970 1971 1072 1973 1974 1975

Percent of authors
who pay page
charges

Percent of authors
who don't pay
page charges

Percent non-
respondents to
this question

Total percent

Average page
charge per
article fol
paying authors

17.6 15.0 13.1 19.3 36.7 20.3 27.9 29.7

57.5 63.1 61.3 66.8 52.9 65.3 66.2 64.3

24.9 21.9 25.6 13.8 10.4 14.4 5.9 6.0

100.0 100.0 100.0 99.9 100.0 100.0 100.0 100.0

325 275 293 226 256 311 469 335

SOURCE: Author Survey, Market Facts, Inc., Center for QuanLitative Sciences.

Thus in the case or books multiplied average price times the

number of copies sold each year. This, figure was then divided by 1.05 to

reduce it by the prorit margin reported by Publisber's Weekly (is).

For journals, we combined price and volume data for foreign, indi-

vidual and in,:titutional subscribers. Ye feel th;11.: the total here is con-

servativ ac we discused pre. I ou 1 y, thei.e arc otber sources of

30 8
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Table 3,66 ESTIMATED TOTAL COST OF REPRODUCTION AND DISTRIBUTION OF SCIENTIFIC &

TECHNICAL JOURNALS, BOORS AND TECHNICAL REPORTS: 1960-1980

(Millions of Dollars)

s&T

Year Scholarly Journals 541 Journals 561 Ilueks S&T R as 541 LItcracure_

65.8 154.3
1960 44.5 88.5

19(A 56.8 113.7

1942 66.2 171.9

1963 94,9 189.2

1964 108.4 108.4

1:165 111.8 221.4

1966 124.7 249.6

1941 167,0 294.1

1969 170.7 342.1

MI 191.7 409.1

1770 228.8 40.0

1971 254.5 WA

1972 244.7 513.0

1911 322.1 6503

156,11 7210.4

PROJECTIONS

1975 346,1 741.1

1974 397,2 805,3'.

1977 410.1 871.4

1O18 464.2 944,2

1979 500,4 1,014.5

1980 517,6 1,097.0

PERCENT CIP10E

1960-65 . . . 156 157

1965-70 . . 101 102

1910-75 , . .
60 41

1175-80 . . 41 411

SOURCE: Market Facts, Inc., Center for Quantitative Sciences.

61,6 182.8

13,5 255,4

17,1 0.7 241.2

56.1 0.8 295,1

5.7 LO 3110

104.4 2.3 356.

118.4 4.0 416.

11,4 3.8 474.

mi 4.9 547.

150.8 4.7 615,

I66.4 5J 04.

179.8 8.3 762.0

189.7 11.9 liq.4

2977. 0 12,6 111!11

205.6 13.3 960.0

215.9 15.9 1,017,1

226.3 18.7 1.118,4

236.6 20.1 1,200,9

247.0 22.5 1,289.0

257.2 24.9 1,379.1

38

66

36

25

135

183

87

108

92

5G
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income to journal putlishers which help to cover reproduction and distribu-

tion expenses.

fechnical report costs are shown back to 1961 only since that was

the first year for which the data were reported to us. Figures shown are

only for NTIS and GPO, and should not be taken to reflect the total trend in

report costs.

3.7 Numeric Data.Files

Throughout this study we have been concerned almost exclusively with

the communication of "information" in various "packages". These packages may

be journal articles, books, technical reports, conferences, bibliographies,

rviews, and so on. The package itself may be recorded in one or more of

several forms; print on paper, microfilmei, computer generated, or even in the

case of face-to-face transfer of an information package, not recorded at all.

In any event, scientific and "chnical communication has been addressed in

terms of package transfer mechanisms.

3.7.1 Numeric Data Rases

Numeric data bases require a somewhat different approach which

created immediate problems when we attempted to fit them into the cycle of

information transfer functions. Computerization of quantitative data has im-

plications quite different from the computerization of bibliographic references.

In theory, each "data file" could be considered as an information package, not

unlike textual packages and treated similarly in terms of generation, distri-

bution, presentation, and so on. However, this limited approach ignores the

distinguishing features of direct access to individual factual data elements

as well as the capability for computational manipulation. The data elements

contained fn such a numeric file are available to the scientific and technical

community in a way which is functionally different from data contained in most

textual information packages.

During 1975, as part of the first year's effort in developing sta-

tistical indicators, we sought to identify, within the framework of the seven

functions of the information transfer cycle, measures of growth for numeric
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data systems. It was originally felt that growth could be measured in terms

of numbers oragencies creating and/or maintaining numberic systems, volumes

of data elements contained (file sizes), numbers of users with direct access,

number of publications generated in the form of tabulations rather than text,

annual costs and so forth.

With the possible exception of dollars expended annually, we found

no satisfactory measures which could be applied to numeric data system. as a

single group. Even the dollar measure was suspect due to large developmental

and start-up costs as well as the inadvisability of compa- g total cost to

number of users, file size, and so on. These conclurions were a direct result

of meetings with staff members from the National Oceanic and Atmospheric

Administration (NOAA), Environmental Data System, the National Standard

Reference Data System (NSRDS) of National Bureau of Standards (NBS) and the

U. S. Bureau of the Census. The consensus was that all three were typical

of a different class of numeric system and an alternate framework would need

to be designed in order ,to develop statistical indicators for numeric systems.

The three distinct classes of numerical data systems are: (1) those

collecting and analyzing social characteristics, the prime example of which

exists in the U. S. Bureau of the Census; (2) those collecting and analyzing

physical values, typified by the data bases in SRDS and (3) those monitoring

(usually automatically) natural p'enomena, such as the environmental systems

of NOAA and NASA's satellite-recorded data. Such measures as the number of

data systems in existence over time appear to have relevance largely within

classes. Even more dramatically, the size, especially if measured as file

size, is only relevent within class and results might be misleading if aver-

aged across classes. For example, file sizes in NSRDS are dwarfed by those

of NASA and NOAA, however they are of critical importance to a wide range oc

physical scientists and engineers. In 1974, UNESCO-UNISIST published a

"Study on the Problems of Accessibility and Dissemination of Data for Science

and Technology" (143). The study placed considerable emphasis on the need to

identify categories of numerical data files. The matrix developed in that

study provides the best basis we have found for grouping numerical data sys-

tems by characteristic. In all cases, the seven functions of the communica-

tions cycle (including, as is the case for textua.r scientific and technical

inFormation, the bypassing oF some functions in some sequences) can be
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identified. The order of occurrence, however, may vary from those for the

textual data cycle.

As with textual information, there are secondary services and pro-

ducts which feed on numerical data bases. These may include such services

as access through commercial computer networks and the production of direc-

tories of data bases.

Computerize ion itself has considerably altered the utility of these

resources. The prime differences are the quantity of data elements which can

be accumulated and manipulated; the ability to update and dorrect file con-

tents as well as to manipulate them mathematically or statistically. Nonetheless,

the first two classes of census and physical value data especially, have

a long history. Physical value data have appeared in handbooks for centuries,

and censuses were known in antiquity.

Computerization of numerical data also affects the access to it.

In measuring specific functions, for example, presentation to user, we feel

that the grouping of systems into classes is necessary, and in addition a cross-

classification i-entifying the magnitude of the potential "audience" appears

to be required. The number of users (and the growth in the number of users)

of a numerical data file dealing with a narrow sub-specialty may be expected

to be small and to remain small, while at the same time effectively reaching

almost 100 percent of the potential users. It would not be valid to compare

the magnitude of the presentation function of systems of this type with the

measures for the presentation function of, say, the decennial census and all

the census byproduct,.

Further investigation may well identify systems which do not fit

into any of the three categories and additional classes may have to be added

or an alternative set of definitions created. No classification scheme will

be perfect, b _ the greatest problem is that a set of definitions developed

to apply to today's systems will be obsolete before trend data can be

applied. Harold Sackman notes:
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Today's laboriously reasoned and carefully checked
classification scheme may well become obsolete
tomorrow. Perhaps the greatest obstacle in the path
of successful classification is the refusal to face

up to the complexity of the task . . . . Exploratory

empirical induction is one of the first steps, based

or a continuing census of computer-based systems,
periodically updated to keep up witl- significant

changes (133).

These words are as true today as ever:

Another problem in dealing with the changes in the field of numeri-

cal data systems is the necessity of recognizing and identifying the inter-

relationships with the technologies of telecommunications networks, computer

storage access and software capabilities.

Any consideration of numeric data files inescapably leads to Infor-

mation Analysis Centers, for it is in these centers that many of the numeric

data files originate and are maintained.

3.7.2 Information Analysis and Data Centers

Although formally established barely two decades ago, the Informa-

tion Analysis Center (IAC) plays an increasingly important role in the informa-

tion transfer chain.

By its very nature, experimental research.is a fragmented activity:

the scientist's attention is focused on the immediate task and he carries out

an experiment (which may involve a measurement, a preparation, demonstration

of a principle, etc.) without being concerned how the results may fit into the

overall structure of the field or neighboring disciplines. Evaluation of

these scattered results is the duty of the scientist at the next echelon, the

theoretician who molds the data into a form which yields a new theory or a

generally valid law of nature. By this definition, a theoretical physicist

is basically functioning as an information center. As an example, the Nuclear

Data Project has been responsible for laying the foundations of the nuclear

shell model. The structure of the nucleus became obvious, once the scientists

stopped looking at individual features and considered the whole picture.

3 1 5
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Modern tools, such as satellitrs coupled with electronic data pro-

ces!-:ing techniques, make it posf:ible to collect a tremendous volume of nume.ri-

cal data; at times it becomc necessary to slow dowa the collection because we

are running out of space to record them proprrly and to evaluate the flood of

data (satellites operating continuonL;ly would use up in a few days all the

film that we can produce in a year). At times, the data are co voluminous

that the theoreticians do not have a chance to handle them and to evaluate

them properly; this is an added argwient to secure them for later use.

fhus, in addition to an examination of the formally established data

analysis centers, the number of theoreticians could be used as an indicator

of the growth of the scientific field in question. If sponsoring agencies,

historians of science, research directors, etc. want to be able to follow the

progress of a chosen area, the increase in the number of centers, theoreticians

and review article authors should be an excellent indicator of the vitality of

the field.

Four kinds of data centers can be identified, not all of which pro-

vide data analysis services:

1. An extension of the Special Library concept.
Indexed and/or abstracted collection.
Products are bibliographieE which play include

annotation.

2. Document collection centers wbere documents
undergo critical_ review for content regarding
reliability and validity of data. Products

are review publications which include critical

reviews of methodologies and state-of-the-art.

3. Numerical data collections with associated
critical review and analysis.

4. Data collection files, unrevicwcd, but available

to the public. Observatioonl, monitoring data

are pzime examplcs. :fny produco tabulations,

but basically no analysis of data.

"Data centers" differ from IAC's in that they generate solely numeric

data (physics predominetes), while TAC's generally add to::tual discussion and

journal publication is the prio:arv output.. The distintruishin feature of the
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IAC is that the output is different from the input, in that critical analysis,

verification, etc. has been performed. This Feature distinguishes them from

bibliographic or library reference systems -- no matter how deep the indexing

or how detailed the data items that are available via such services. Part of

the IAC concept is that information generated by research must be made known

to colleagues before research'is considered completed. Thus, the cost of

IAC's could be categorized as would page charges.

Multipurpose laboratories are good host locations for IAC's. Although

most IAC's are supported by information scientists, they preferably should not

be in libraries and thus too far removed from the research source. There is

the potential in the future that researchers in the same discipline could send

results directly to an IAC rather than into the open journal literature. The

review function would then be performed along with critical evaluation of re-

search methodology, reliability of results and relationships to similar re-

search performed by the IAC.

There are three levels of data availability: raw data; adjusted

data (which may also include some comparative analysis); and filtered, criti-

cally evaluated data. The observational data only has value until natural laws

are established. Measurement data is data from a controlled (laboratory)

situation.

Numbers of requests may be a valid measure in request-oriented sys-

tems. However, some centers are organized to pursue orderly progress through

a series of subjects (the periodic table, for example) and do not encourage

requests.
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SECTION 4

THE ACQUfSITION AND STORAGE OF INFORMATION

4.1 Introduction

The acquisition and storage function includes both the maintenance

of personal collections by individual scientists and engineers and the more

formal development of collections of scientific and technical literature by

libraries and other information centers. While personal collections are im-

portant sources of information for those who maintain them, their public

availability and thus their potential influencc, is limited. Of much greater

importance from the point of view of information now is the acquisition and

storage of bibliographic materials by institutions, particularly libraries.

These collections are organized so that materials can Le retrieved by a wide

community of users. They also provide a permanent archive of scientific

achievement.

The importance of libraries as a source of scientific and technical

information has been illustrated by the results of our author survey. When

asked to indicate the source of access of articles which they cited, 50 per-

cent of the respondents identified 11.1-raries.

As with the acquisition and storage function, libraries and other

information centers also play a key role in the subsequent functions of organi-

zation and control and presentation. Basic to the discussion of each of these

functions is an understanding of the nature of libraries, and so this section

begins with some introductory data on the various types of U. S. libraries.

4.2 Library Background Information

4.2.1 ".Type of 7.i' caries

Librari.as are generally classified as academic, public, or special

according to the primary clientele they serve. In general, academic and

special libraries play a more significant role in the dissemination of scien-

tific and technical information than do public libraries. Two groups of
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libraries which fit into more than one of the three classifications and serve

as important sources of Sri are research libraries and deral libraries.

Research libraries, as represented by the membership of the Associa-

tion of Research Libraries (ARL) in the discussions which follow, build and

maintain extensive collections of research literature. They preserve the

record of the achievements of science and technology as reflected in the pub-

lished literature. It is these libraries that assume the major responsibility

for ensuring that research,materials are available to scientists and other

scholars when they are needed. Without the exi.stence of such libraries the

progress of scientific investigation would be considerably impeded. The scien-

tist-would have no obvious source to go to for a record of the scientific

achievements of the past or for a wide selection of the scientific materials
cP

that are currently being produced in published form. The existence in the

United States of many large and important research libraries tends to ensure

that any scientific document of value is available,will continue to be avail-

able, and that serious gaps in coverage (and hence availabifity) are not

allowed to occur.

The Federal libraries include a number of specialized libraries.

Of the 2,313 Federal libraries identified in 1972, 43 percent were classified

as special or technical. Among these were the three national libraries --

the Library of Congress, the National Library of Medicine, and the National

Agricultural Library -- each of which provides extensive informational services

to both individual scientists and to other libraries.

Closely related to libraries, information centers also play a role

in the scientific and technical communication process. Like special libraries,

information centers are characterized by limited subject areas; in addition,

the term information center implies a greater depth of analysis and control

and frequently more advanced services such as evaluation and synthesis of

material (43). Information centers may also include raw data among the

materials held.

The concept of an information center is sometimes more broadly inter-

preted to encompass any unit involved in the storage, manipulation or provision

of information. This would include information analysis centers, data banks

255
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and the like. Our use of the term information center is restricted to the

narrower definition previously specified, and other information service

organizations are discussed under the specific function they serve.

4.2.2 Sources of Library Data

Data on libraries and information centers are available from a

number of sources, the most wide-ranging of which is the Library Surveys

Branch of the National Center for Educational Statistics (NCES) of the Office

of Education. The Office of Education has collected and published library

statistics with some regularity since the 1870's, and work currently in pro-

cess involves public, school, academic, and special (Federal) libraries as

well as library manpower. Under development is the Library General Informa-

tion Survey (LIBGIS) program, a national library statistics program whose

purpose is to develop a national library statistics data system. Such a sys-

tem would provide consistent and comprehensive data on all libraries.

Other important sources of library data, all annual, are the

American Library Directory (3), the Academic Library Statistics (8), pre-

pared by the Association of Research Libraries (ARL), and The Past and Likely

Future of 58 Research Libraries (46) prepared by Purdue University. The

Academic Library Statistics covers all member libraries of ARL; the Purdue

compilations presents data for a subset of 58 of these institutions. The

Bowker Annual (18) contains summary reports and data compilations from several

of these sources.

4.2.3 Number of Libraries

Table 4.1 presents the number of various types of libraries in the

U. S., each of which participates to some extent in the collection and dis-

semination of scientific and technical information. As shown, the total number

of libraries has increased 30 percent in the last ten year period, with aca-

demic and public libraries increasing 24 percent each and special libraries

40 percent. According to these figures from the American Library Directory,

the number of academic libraries peaked around 1970 and has been decreasing

since that time. Comparable NUS data on academic libraries, however, shows

a more steady increase from 2,175 in 1964 to 2,900 in 1975, a gain of 33 percent.
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Year
Academic 1

4
Libraries

Spect:11' Public
Libraries

4
Librari(,s 3 Total

ARL
4

Lihro.r.1

Federal 5

S&T
Libraries

1960 . . 2,031 3,972 7,204 13,207 49
.

1961 . . 2,028. 4,317 6,487 12,832 49

1962 . . 2,024 4,662 5,770 12,456 49

1963 2,094 5,020 5,998 13,112 72

1964 2,163 5,377 6,626 14,166 74

1965 2,416 5,542 6,952 14,910 64 503

1966 2,668 5,706 7,278 15,652 64

1967 2,781 5,933 7,346 16,065 70

1968 . . 2,894 6,169 7,415 16,478 71

1969 . 2,931 6,419 7,543 16,393 76

1970 . 2,968 6,669 7,671 17,308 76

1971 . 2,846 6,765. 7,613 17,224 78

1972 . 2,723 6,861 7,555 17,139 78 995

1973 2,705 7,198 7,870 17,773 81

1974 . . 2,686 7,536 8,185 18,407 82

PERCE:a CHANGE

1960-65 . 19 40 -3 13 31

1965-70 . . 23 20 10 16 19

1964-74 24 40 24 30 11

1

2

University, College and Junior College Libraries.

Special, Law, Medical and Religious Librario.

SOURCE: 3

The.Bor pr-,1 r L.I.brnrv r1:1 kTrTn1nrntion, R.R. Bow!:er Cempary,
1961-1975.

4

Association o. :rch Statl%tirq 100-1972.

5

National ( r fc.r Educion:d Statistic, jJj o:7 Federal Liries,
1972.
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The ARL libraries are included in the academic library figures but

are also shown separately. Growth in ARL membership was 11 percent over the

1964-1974 period. Growth in Federal scientific and technical libraries has

been significant, with the number of such libraries almost doubling between

1965 and 1972.

4.2.4 Library Expenditures

In addition to the number of libraries, another reflection of the

extent of library services provided is total expenditures. These are shown

in Tables 4.2 and 4.3 for various groups of libraries. No figures are avail-

able for all special libraries, so data for a subset of these, i.e., Federal

S&T library activities, is presented. From the tables we see that expendi-

tures rose 229, 155 and 219 percent respectively in academic, public and

Federal scientific and technical libraries in the 1964-1974 period. Constant

dollar expenditures by the same groups rose 111, 63, and 104 percent. Per-

centage increases for 1969 to 1973 are somewhat greater for academic libraries

than indicated by the Indiana study (48) (45% versus 21 to 40% for three

strata). Public library data compares favorably (487 versus 47 to 53% for

three strata).

Stepwise multiple regression was utilized to project expenditures

for the different types of libraries. In general, the best predictor was

found to be publishing revenues, with enrollments also incorporated in the

determination of academic library expenditures. Projections show 28 to 40

percent increases in expenditures over the 1975 to 1980 period, suggesting

that the decreasing trend in the rate of growth of expenditures observed

since the mid 1960's will continue.

In order to construct a total expenditure figure for scientific and

technical library activities, it is necessary to determine, for each library

type, what part of the total expenditures are devoted to S&T. The chief

factors in this determination would be the percentage of material expendi-

tures For S&T and the percentage of service expenditures (circulation, reference,

inter-library loan) For SWF. These figures are not widely available, but

consideration of a number of partial indicators, mainlY for individual libraries,

suggests that around 50 percent of academic library expenditures and 10 percent
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ift,WW

(Millions of Dollars)

Tear
Academic 1
Libraries

federal 3
Public 1,2 S&T

Librariet Libraries

Total 4
S&T

Libraries

58 5

Research
Libraries

1960 . 159 397 27' 146 55

1961 . 184 415 32e 166 62

1962 . 213 443 37e 188 69.

1963 . 247 470 43. 214 77

1964 276 517 48e 238 87

1965 . 320 554 53 268 101

1966 366 600 646 307 113

1967 . 416 692 764 353 134

1968 . 510 766 88e 420 150

1969 . 585 830 99 475 166

1970 650 923 103 520 190

1971 . 737 1.024 117 588 199

1972 . 796 1.079 133 639 205

1973 . 850 1.227 136 684 2134

1974 . . 909 1.319 153e 739 237'

PROJECTIONS*

1975 988 1.407 170 804 256

1976 1.043 1.486 179 849 275

1977 1.112 1.583 190 904 287

1978 1.180 1.683 200 958 315

1979 1.236 1.769 208 1.003 336

1980 1.303 1.871 218 1.057 358

PERCENT CHANCE

1960-65 101 40 96 84 84

1965-70 103 67 94 94 88

1970-75 52 52 65 55 35

1975-80 32 33 28 31 40

1964-74 229 155 219 211 172

Harker Facts estimate.
1

SOURCES: The Boyker A.nnoa1 of Library ind Rook Trade Information, R.R. dowker Company,
1971, 1974, 1975.

2

Goldhor. Herbert. "The Lndice:; of American Public Library Staci,scics."
April 1975 (unpublished paper).

3

nal:nes, P.N.. et.al., Report of :he Ad HOC CrOUD: -Federal Agency
Obligations for Hanagement, P:ccessing and Transfer of Scientific
and Technical Illf2rTaCICO, DA:2. 2OC TecnnoLog7, Fiscal Years 1969-
1973. Vol. III.

4

Market Facts, Inc., Center :or :cantitative Sciences.
5

Dunn. Oliver C., ec.al., The Fait ind Likel7 ''utt.:ro of 53 ,'esearch
Libraries, 1951-1990: A Szatlstizil Stuav ,nc
1970-71 edition.

" 3e
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T:..ble 4.3 TOTAr. EX.PCNVTURES rOP AC,TENTC, PUBUC AND PED:J.

SCLENTIVIC AND TCATTCAL LTBRARTES: 1960-1980

(Millions of Constant 1967 Dol1nr5)

Ygar

Academtc
Librrfol

Federal

Public SST

Ltbrartol tiA,raries

Tocal
S&T

1..4),,rar-teg

58

Research
Libxaries

/960 181 452 31 166 63

1951 207 466 36 187 70

1952 237 497 41 209 77

1963 271 516 47 235 84

1964 298 558 52 257 94

1965 339 588 56 284 107

1966 378 619 66 317 117

1967 416 692 '6 "473 134

1963 490 736 85 404 144

1969 537 761 91 436 152

1970 565 803 90 452 165

1971 613 852 97 489 165

19;2 641 863 107 514 165

1973 648 935 104 521 164

1974 628 912 106 511 164

PROJECTCOSS

1975 . 625 390 108 509 162

1976 . 613 831 106 503 163

1977 . 617 379 105 502 159

1973 .
613 874 104 493 164

1(179 . 603 863 102 490 164

1930 . . . 393 358 100 433 164

:=CE:;T ;;I:\!;CE

87 30 81 71 70

1965-70 67 37 61 59 54

1273-75 11 11 20 13 -2

1)ii-10 -4 -4 -7 -5 1

:Y,4-74 111 61 104 99 74

k
1, ,,I!,71L oric,. (1.-fl:Q..1r (1975-10 .:%x).

.'.I..' :.'Cr., r1,.., t:, Ir.,c r"C ''. t.)tit,',1W.

3 2 1
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of public library expenditures are ;.ilated to scientific and technical informa-

tion. Addln;,, these figuren tO the tt.;-1 e7;pehditi1e5 for Federal 1i&T libraries

yields the total e>.pcnditures in T,hles 4.2 and 4.2. Aga.in it should he

noted that these fignle; c):!:lude ral speoial liLralies and thus under-

estimdte total eypendituTe , iwrha h). w; mach an 20 pa.cent.

As sho..m, total e:Tenditure riunres rose fro r:,218 million in ] 964

to $739 million in 1974, CH incrLa,.e of 211 perc(Lnt. In consl at dollar terms,

the increase over tIe...; same period u;:,. (1') percent. Projections are based on

the number of sciontistL and enineers as nhon in F11;urc 4.1 (r
2
= .98).

They indicate that SWF library expenditures should rise to $1,057 million in

-urrent dollars and $485 million in constant dollars by 1980.

Figure 4.1 TOTAL SCIENTIFIC AND 1ECHN1CAh LTbRARY EXPENDITURES
PER SCTENT1ST 1967 CONSTAT DOUAI:T.: 1960-1980

0-0 Ob!uerved
Forecal.t. V:itus

100,

50-

0 --r r
1960 62 64 66 6g 70 72 74 76 78 .80

Yea r

S0URC1': Tr,lic 4.4.

A dato item of , )me intere:t 1!-1 lLe average library csTenditure pPr

individual scientist. Since a mnjer portieu of li1c.ry expenditures are for

acaderde libraries, T ;!,radirOre ar; ucl1 as scicatists are included
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in the estimates or scientific manpower. Average library expenditure per scientist

using constant dollar expenditures from Table 4.3 and manpower estimates

from Tables 2.5 and 2.26 are shown in Table 4.4 and Figure 4.2. The expendi-

ture per scientist ranges from $110 in 1960 to $175 in 1972 and then remains

fairly constant. The increase between 1964 and 1974 was only 28 percent, in

contrast with the 99 percent Increase in total constant dollar expenditure!i.

4.2.5 Library Holdings

Yet another indication of library services available to the scien-

tific and technical community is the number of volumes held by libraries.

Academic library holdings are shown in Table 4.5, and indicate a 90 percent

growth between 1964 and 1974. Using these figures and the S&T materials

budgets of other types of libraries, an approximation of the number of library

volumes available per scientist (including graduate students) can be made.

We estimate that this value has grown from 83 volumes in 1964 to 101 in 1974,

an increase of 22 percent. Compared with a growth of 63 percent in books

published and 22 percent in journals published over the same period, the

scientist's access to the literature would appear to have decreased. This

factor may be counterbalanced by increased access to materials via library

networking.

4.2.6 Library Networks

Like other organizations involved in the communication of scientific

and technical information, libraries in recent years have been faced with sub-

stantial increases in costs, volume of materials available and demand for their

services. Library budgets have not been adequate to deal with these increases,

and a variety of measures have been applied in attempts to close the resulting

gap, i.e., to provide increased services -t available budget levels. Chief

among the measures taken have been the automation of technical processing and

other functions and the formation of resource sharing networks. When successful,

these efforts can result in lower unit service costs and increased quality of

services.

Automation programs have been developed in the areas of materials

acquisition, cataloging and card production, circulation, reference, and a
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Table 4.4 TOTAL SCIENTIFIC AND TECHNICAL LIBRARY EXPENDITURES
PER SCIENTIST: 1960-1980

Year

Total S&T Number of Scientists Expenditure3
Library Expenditures

1
and Science Grqduate per Scientist

(Constant $)* Students' (Constant $)*
[Millionst (000)

1960 . 166 1,515 110

1961 . 187 1,596 117

1962 209 1,694 123

1963 235 1,867 126

1964 257 2,004 128

1965 284 2,139 133

1966 . 317 2,269

1967 353 2,427 145

1968 404 2,534 159
,

1969 436 2,680 163

1970 . 452 2,828 160

1971 . 489 2,846 172

1972 . 514 2,937 175

1973 . 521 3,046 171

1974 . 511 14 164

PROJECTIONS

1975 560 3,189 165

1976 585 3,280 164

1977 611 3,370 164

1978 637 3,454 163

1979 665 3,530 164

1980 . 692 3,608 164

PERCENT ClANCE

1960-65 71 41 21

1965-70 59 32 20

1970-75 24 13 3

1975-80 24 13 -1

1964-74 99 55 . 28

Using GNP implicit price deflator (1975-1960 NPA) to obtain 1967 Constant Dollars.

1

SOURCE: Taken from Table 4.3
2

Taken from Table 2.26 and 2.5.

3
Market Facts, Inc., Cancer for Quantitative Stiences.
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F1gur;.! 4.2 SCIENTIFIC AND TECHNICAL LIBRARY EXPENDITURES AS A FUNCTION OF THE NUMBER OF SCIENTISTS AND

ENGINEERS IN CONSTANT DOLLARS: 1960-1980

+

1.25 1. 5

Number of Scientists and Engineers

SOURCE: Market Facts, Inc. , Center for Quantitative Sciences.

1. 75 2
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Table 4.5 ACADFC L11,?ARY LOLDINGS: 1960-3974

(Millions)

Ycar LIhrry
Academic 1 58 Research 2

Library Holdings

1960 . . 189 73

1961 . . 201 76

1962 . . 215 81

1963 . . 227 84

1964 . . 240 86

1965 . . 265 91.

1966 . . 283 96

1967 . . 295 101

1968 . . 305 114

1969 . . 329 110

1970 . . 354 116

1971 . . 380 121

1972 . . 405 132e

1973 . . 430 139e

1974 . . 455 145e

PERCENT CHANGE

1960-65 . 40 25

1965-70 . 34 27

1964-74 . 90 69

Market Fact, Inc., Center for QLmntitative Sciences.

1

SOUCE: Thr_t=iT Trd_e_Info5:Nation, R.R. Bowker
Cc.:mpony, J'27:1 i;!.:C. 1975.

2

Dunn, Olivcr C., The P:).t:t and Iflyllv ruturc. Research
Stu,:v of C)owtil and Cnallf,

19-i(1-71

265 .
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number of managerial functions. Perhaps the c-reatest impact has been felt

as a result of shared cataloging systems - Ohio College Library Center,

with which participating libraries can r- rie. c taloging data produced by

the Library of Congress or another librat, modi y it as necessary, and auto-

matically produce tailor-made catalog cards. Such systems eliminate much

previous duplication of effort, and the data base generated can serve a number

of additional functions. Cooperative catalogirg efforts will be further dis-

cussed in Section 5, Organization and Control.

Library networks or consortia have been in existence almost as long

as libraries but have grown considerably in number in recent years. Such

cooperatives may be formed to share materials, equipment, personnel, or services,

but most often are concerned with the inter-library loan of materials or the

shared use of automated systems. Networks are thus further discussed under

Section 6.1.2, Interlibrary Loan, and Section 5.1, Library Cataloging.

4.3 Library Acguisitions

4.3.1 Acquisitions and Expenditure Data

Returning to the acquisition and storage function, Tables 4.6 and

4.7 present the materials expenditures for various types of libraries in

current and constant dollars. As shown, total S&T materials expenditures in-

creased 233 percent between 1964 and 1974, compared with an increase of 211

percent for total expenditures. Projections indicate that materials expendi-

tures will rise to $289 million in current dollars and $132 million in constant

dollars by 1980. In constant dollar terms, this amounts to a five percent

decrease over the 1975 - 1980 period.

Volumes added to academic libraries and the 58 large research

libraries are shown in Table 4.8. Considering the 58 percent academic re-

search libraries, we saw in Table 4.5 that they have grown in size approxi-

mately 49 percent over the period 1962 1972, an average annual growth of

slightly over four percent a year. Table 4.8 shows, however, that the per-

centage change in rate of acquisition (number of volumes added per year) is

quite erratic over the'period and in some years reached negative values. The
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Table 4.6 MATERIAL EXPENDITURES POR ACADEMIC, PUBLIC AND FEDERAL
SCIENTIPIC AND TECHNICAL LIBRARIES: 1960-1980

To6r

Academic
Librariee

radical
Public

2
542 i

Libraries 'ibreries"

Total
S42 Material,
Einendicures

544
Research
libr3ries

5

1960 . . 46 64 6 36 17.9

1561 . 56 66 7 41 10.6

1642 . 65 71 8 415 23.1

1943 . 81 71 10 58 26.0

1964 . 90 72 11 63 10.0

1965 . 111 72 12 75 36.3

1964 . 134 90 15 71 19.0

7167 . 156 104 17 105 471

1968 . 188 113 20 126 53.3

1969 . 213 141 23 144 57.9

1970 . 230 175 24 156 66.9

1971 . 247 164 27 166 67.3

1972 . 260 205 31 182 64.8

1673 . 283 209 31 193 66.7

1974 306 224 15 210 75.9

PVIXECTIONS.

1975 . 114 247 18 220 74.7

1976 . . 331 265 41 233 79.6

1977 . 349 265 43 247 86.6

368 307 47 261 93.0

1979 . 366 329 46 275 99.6

1980 . 404 352 52 289 106.5

112CDPICHAMCI

1960-63 131 12 loo Loa 103

1965-70 107 141 100 106 44

1,70-75 37 41 58 41 12

197S-60 29 43 37 31 43

1964-74 240 211 218 233 133

Marker Fact,. Inc.. Center for Quantitative Sciences.

1

SOUICtS: The Bowker Aftnual of tibrnry itd 5ook Irade Information, R.R. lowter Company,

1971. 1974. 1975.

2
Goldbor, Herbert "the Indices of American Public Library Steciscics."
April 1975 (unpublished paper).

?.N.. et.al.. Report :( the AD Hoc ;redo: Frders1 Aeencv
Obliaetions for Manaaement, Processtnt Ind :rangier 7.
and recnntaal tnfarnatzon, 2ata, inn ':ecnnolaAy, FLscal Years :969-
197). Vol. :I:.

4

Market Pacts.. Inc., Center for luantitative Sciences.
5

Dunn, Oliver C. et.al., 711e ?ar! anl 1.1ktly !a an

Glbnaniem. :951-1991: A itata3:1:11 7i ;raw.... and :h.rnde.

1970-41 ddltadn.

3 3 2
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Table 4.7 MATERIAL EXPENDITURES FOR ACADEMIC, PUBLIC, AND FEDERAL
SCIENTIFIC AND TECHNICAL LIBRARIES: 1960-1980

(Millions of Constant 1967 Dollars)*

Year
Academic
Libraries

Federal
Public 56T

Libraries Libraries

Total
S&T Material
Ex enditures

58

Research
Libraries

1960 55 73 7 41 20

1961 63 74 8 46 23

1962 . . 72 80 9 53 26

1963 . . 89 78 11 64 29

1964 . . . 97 78 12 68 32

1965 118 76 13 80 39

1966 . 138 93 15 94 40

1967 . 156 104 17 105 48

1968 181 111 19 121 51

1969 . . 195 129 21 132 53

1970 . 200 152 21 136 58

1971 . 205 153 22 141 '56

1972 . 209 165 25 146 52

1973 . 216 159 24 147 51

1974 . 212 155 24 145 52

PROJECTIONS

1975 199 156 24 139 47

1976 196 157 24 138 47

1977 194 158 24 137 48'

1978 191 159 24 136 48

1979 188 161 24 134 49

1980 . 185 161 24 132 49

PERCENT CHANGE

1960-65 115 4 86 95 95

1965-70 69 100 62 70 49

1970-75 0 3 14 2 -19

1975-80 -7 3 0 -5 4

1964-74 119 99 100 113 63

using GNP implicit price deflator (1975-1980 SPA).

SOURCE: Market Facts, Inc Center for Quantitative Sciences. 8ased on Table 4.6.

3 2 3
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Table 4.8 1/011.1:TS A1)D:0 70 ACADMIC 1.1I3RAR!D5';: 1960-7974

(Thousands)

1960

Yenr

. .

Acadcuic
Libraries

Volmes !.dded(n00)
Percent
Chani3O

58 Rez4earch

Libraries
V9lumes Added (000)

Percent
Chawre

9,400 2,843

1961 . . 10,900 16 3,045 7

1962 . . 12,300 13 3,369 11

1963 . . . . 13,600 11 3,845 14

1964 . . . . 15,000 10 4,054 5

1965 . . . . 18,000 20 4,522 12

1966 . . . 20,000 11 4,992 10

1967 . . . . 22,000 10 5,430 9

1968 . . . . 25,000 14 6,420 18

1969 . . . . 26,000 4 5,872 -9

1970 . . . . 26,000 0 6,207 6

1971 . . 25,000 -4 6,193 0

1972 . . 25,000 0 6,800 10

1973 . . 25,000 0 7,200e 6

1974 . . . . 25,000 0 7,500e 4

Market Facts, lnc., Centcr for QuantiLate Scie
1

SOURCE: The howker "%nr.un1 of Librry...2n,J. Dook T

R.R. boer Ccivany, 197] an(:. 1975.

2

Dunn, Oliwr C. et.al. ThL Part mid LI

nees.

rnd InfOrisp_,

Fut..lre of 5r-4

Resunrch St!7,!i O.

Crm,t;1 1.:170-7:1 cuiti

269
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period up to 1968 seems to be one of general expansion, while the years 1968

1974 show a much slower rate of growth.

Comparison of library figures for material growth and costs with

the figures for publication growth and costs is of considerable interest.

Some of these comparisons must, however, be made cautiously. We cannot, for

exa.aple, directly compare the estimates for number of items published with
.11P.

estimates for growth of libraries since the former figure represents number

of titles and the latter number of volumes. There should, however, be a

reasonable quantitative correlation between the two. That is, one might

reasonably expect that the growth of the great research libraries, in number

of volumes, should reasonably parallel the growth in the published literature

measured in terms of new items.

One fact worth noting is that, at least in the period 1965 - 1972,

the 58 research libraries seem to have grown at approximately the same rate

as the published literature, despite individual fluctuations from year to year.

Table 3.2 indicates that the number of new book titles and editions published

in the United States has been increasing incrementally at an average annual

rate of about 5.8 percent. In 1972 there were about 48 percent more new books

published in the U.S. than in 1965. But, on the average, the 58 research

libraries added 50 percent more volumes in 1972 than they did in 1965. Even

allowing for the fact that the publication figure is based only on boo,k.titles.-

and that the library figure is based on library volumes (including volumes

of periodicals) the two figures are remarkably close and do give some indica-

tion that, so far at least, the major academic libraries in the United States

have been able to keep up reasonably well with the exponential growth of the

published literature. If we accept the UNESCO (145) figures for rate of growth

of the world literature, as reflected in Table 3.1, the library rate of growth

appears in an even more favorable light because the rate of growth in U.S.

book production in the last decade (Table 3.2) has considerably exceeded the

world production rate indicated by the UNESCO figures.
121.

Nevertheless, while the data indicate that, over the long haul, the

major research libraries have been growing incrementally at about the same

rate as some major indicators of publication growth, the figures do have some

270
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disquieting aspects. Most of the rate of growth reflected in Table 4.8

applies to an expansionary period from 1965 to 1968, coinciding with a period

of general economic upswing in the country. The period 1968 to 1972, how-

ever, was a period in which these libraries grew at a very much lower rate,

failing in fact to match the rate of growth of the published literature.

Thus economic factors seem to be threatening the ability of even the major

research libraries to keep pace with the growth of the literature.

A very valuable analysis of the economics of academic libraries in

the United States was published in 1973 by Baumol and Marcus. Their report,

Economics of Academic Libraries (10), is based on data from the Purdue University

collection of data for 58 research libraries and covers the period 1950-51 to

1968-69. Baumol and Marcus point out that the larger, more well established

libraries are growing more slowly than the relatively smaller libraries (3.5

percent per annum growth as compared

that all libraries in the group will

collections in time. The difference

with a 5.4 percent per annum growth),

tend to equalize the size of their

in size between the largest libraries

and

and

the smallest libraries is now being reduced at a rate of about two percent per

annum.

An approximate measure of the effect of inflation on acquisitions

costs is reflected in the difference between rate of'increase, in materials

expenditures and rate of increase in volumes added. Thus, in 1972 the 58

libraries represented added only 50 percent more volumes than they did in 1965

although their materials budgets were 79 percent greater. Baumol and Marcus

show that, from 1950-51 to 1968-69, average library expenditures increased by

more than ten percent P er annum but inputs to the library (of materials and staff)

increased only five to seven percent, the difference being absorbed by rising

personnel and materials costs.

By way of comparison with the growth of the large academic libraries,

Table 4.9 presents some figures relating to the growth of the Library of

Congress. These figures too mUst be viewed with some caution because the

Library of Congress counts "pieces" rather than volumes. The acquisition of

the Look pictorial file in 1972, for example, caused a substantial increase in

the total holdings as measured in pieces. Discounting this, however, the

Library of Congress has been growing at a rather slow pace since 1965, at a
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Table 4,9 GROWTH OF THE LIBRARY OF CONGRESS: 1965-1973

Year

Millions of

Pieces Added

Percent

Chave Science

Titles Added

Medidne Agrisulsjoig_jatrojagy

1965 . . 53.311 7 213 2,412 1,798 8,702

1966 . . 54.289 1.8 7,144 2,676 1,891 9,135

1967 . 55.457 2.2 7,541 2,852 2,095 9,613

1968 58.463 5.4 3,801 4,165 3,305 12,538

1969 . 59.891 2.4 12,483 4,319 4,694 7,084

1970 . 62.954 5.1 15,387 5,172 4,883 16,375

1971 . 64.465 2.4 14,160 4,804 3,775 19,918

1972 71.106 10.3 16,923 5,350 5,881 22,090

1973. 72.467 1.9 14,020 5,243 5,426 16,952

Acquisition of Look pictorial file.

SOURCE: Annual Report of the Librarian of Congress, Fiscal Years 1965-1973.

Figures represent holdings on June 30th of each year.
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rate in fact of a little over three percent a year on the average (a growth

of about 21 percent from 1965 to 1971). This is slower than the rate of growth

of the academic libraries, as indicated in Table 4.8, and may perhaps be re-

garded as further support of the Baumol and Marcus contention that the smaller

research libraries are growing faster than the larger and that there is a

tendency for the two groups to converge towards a common size.

Of particular interest in Table 4.9 are the figures relating to titles

added in various fields of science. In science, medicine and technology the

number of new titles added by the Library of Congress in 1973 was approximately

twice the number added in 1965. Average annual increments of growth in science

and technology, then, are of the order of ten percent for the period 1965 to

1973, which is substantially greater than the increments of growth of the ARL

member libraries in this period, as indicated in Table 4.8. In the field of

agriculture the growth rate at the Library of Congress has been even greater,

with acquisitions in 1973 at a level three times above the level of acquisi-

tions in 1965.

4.3.2 Types of Materials Acquired

Acquisition figures presented in the previous section include books,

periodicals, technical reports and other items. Depending on the type of

library, the proportions of the materials budget allotted to each of these

categories vary significantly, and these proportions change over time as the

nature of available materials and patron demand fluctuates.

Table 4.10 presents the proportion of materials budgets expended on

books, serials, and other materials by academic, public, and special libraries.

Taken from the Indiana study, results are given for four strata of academic

libraries, three of public libraries, and two of special libraries. Overall,

the greatest prxt of the materials budget is spent on books in academic and

public libraries (54-81 percent and 80-88 percent respectively) and on serials

in special llbrar-es (63-72 percent). Academic libraries also purchase a

large volume of serials (18-46 percent), and the public libraries acquire the

only significant proportion of other materials.
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Table 4.10 MEDIAN PENCL:;TAGE OF HATLRIALS MjbCFT: 1969-1973

(Percent)

Yt3r StrIa:3 CeLer

ACC3E"1C tIr.,:ln:

5(10-1CW.1 17.5 80.6 2.9
64.25)

1971 . . 24.8 67.1 7.9

10/3 26.0 69.1 4.9

1001-20'10 1969 . . . 27.5 70.2 2.3
(n.29)

1771 . 31.0 65.3 3.7

1973 . . . 34.3 61.8 3.9

2001-5010 1969 . . . 29.1 70.8 0.1
(n.52)

1971 . . . 34.6 65.3 0.1

1973 . 43.2 56.5 0.4

.5000 1969 . . . 33.1 66.7 0.2
(..73)

1971 . . . 39.9 59.8 f,.3

1973 . . 46.1 53.7 0.2

PUBLIC LIBRARIES

7516-150r.2 1969 . 8.0 87.7 4.3
(g.27)

1911 . 8.5 84.7 6.8

1973 . 9.2 81.2 8.8

150K-3004 197A . 9.5 84.5 5.9
0,351

197: . 9.2 84.0 6.5

1993 . 10.3 80.4 9.3

p300 1969 . . . 9.4 85.7 4.9

1971 . . . 10.1 83.6 6.3

1973 . . . 11.0 80.4 8.6

SPECIAL LII;ARILS
4

850V3 1959 . . . 65.1 37.5 1.4
(n.22)

1971 . . . 63.2 36.7 0.1

1973 . . . 60.5 35.7 3.8

*508 1969 . . . 70.5 29.4 0.1
(a-16)

1991 . . . , 67.3 31.9 0.8

1971 . . . 72.2 25.2 2.1

IS b4tc! on --,er o! ;e

-

he:4.

2Strats 641.4 cr. p:;,

3
base! on terIlIs

SOLICE: for, . S. 1. I . o,
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Between 1969 and 1973, the proportion of funds expended on serials

generally increased, with an accompanying decrease in book expenditures. This

reflects greater increases in the volume and costs of serials available than

of books. The Indiana study reported that a majority of all libraries have

been faced, especially since 1970, with increasing difficulties in maintaining

present or adding new subscriptions because of budget pressures. In response

to these pressures, a variety of actions have been taken, including adding no

or fewer new subscriptions, dropping subscriptions, purchasing microform edi-

tions, and reallocating the materials budget. In academic libraries, adding

fewer new subscriptions and reallocating the budget to periodicals at the ex-

pense of books have been the most common attempts at a solution.

4.3.3 Acquisition and Storage Costs

Ir addition to the materials expenditures discussed in Section 4.3.1,

libraries incur a number of other costs in the process of acquiring and storing

materials. Each item (book, serial, volume, etc.) must be selected, ordered,

received, processed and stored, and for serials the latter three activities

must be repeated for each individual issue. Costs are labor-intensive and have

increased substantially over the years.

As an example, the cost of library acquisition and storage of journals

was estimated in 1967 by Westat (153) and can be computed for the number of

scholar7y U. S. journals held by libraries.

Cost elements are subdivided into acquisition of new titles, main-

tenance of purchased titles and storage as follows:

1. Cost per title of acquiring a purchased title: $62.80

2. Cost per title per year of maintaining a purchased

title: $38.30

3. Cost per volume per year of storing a purchased

title: $0.203

The units to which these costs are attributed are estimated as follows.

The total number oF new scholarly journal titles acquired each year

is equivalent to the number of new institutional subscriptions taken. An

t
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OSER OF NE1 SCALLLY JOURNALS ACQUIRED BY LISRARIE3, LISRAEAN

VAC:: RATES, AVERACE COST OF ACQUIRING NEW JOURNALS AND TOTAL COST OF ACQUIRING NEW

JOURNALS: 1961-1980

1

No. of Neu Titles

Aa.,uired

10A
Deflatlonary

Factorl

Average

Cost

(Current $)

Avragee

Cost

(Con,:cant $.1
2

Total Current

$ Cant

(.11111(m)

Total Constant

$ Coat2

(Millions)

208 .75 47,10 52.94 9.8 11,0

258 .73 48.98 54.45 12.6 14.0

158 .82 51.50 56.51 8.1 8.9

161 ,86 54.01 58.15 8.7 9.4

.91 57.15 60.62 10.8 11.5

.95 59.66 61.57 11.0 11,4

262 1,60 62,80 62,110 16.5 1.5

1.05 65,94 63.40 15,6 15.0

1.12 70,14 04,52 12.6 11.7

119 IX 74,10 64.43 8.8 1,1

;8 1.21 75.99 63.21 4.4 3.7

113 1.26 79,13 63,68 8,9 7.2

60 1.29 61.01 61.73 6,5 5.0

193 1.30 85.41 59,04 16.7 11.5

PRORCTIONS

190 1,43 . 89,80 56.8(1 34,6 21.8

172 1.50 91.20 55.81 16.2 6,6

111 1,58 99.22 55,09 17.2 9.5

112 1.66 )04.75 54.15 11.9 9.3

172 1.15 109.90 53,0 18.9 9,2

173 1.84 115.55 53.01 20.0 9,2

1

Based un Librarians' Salaries.

2

858 implicit price deflator (1975-1980 NPA) used to obtain 1961 Constant Dollars.

SOIJSCL: Market Fa.ts, Inc., Center for Quantitative Sciences,
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Table 4.12 ESTIMATED TOTAL NUMBER OF SCHOLARLY JOURNALS MAINTAINED,

AVERAGE COST OF MAINTAINING JOURNALS AND TOTAL

COST OF MAINTAINING JOURNALS: 1960-1980

Year

No. of Titles

Woolard

(0001

Deflationary

Factor'.

Averar,e

Cost

pffrout $)

Averoge

Cost

9)
2

Total Corrent

$ Cost

(111211on6)

Total Conscant

$ fest'

(MIllivoll

1960 2,253 .7,1 14,06

,(Constonl,

16.01 31.68 36.47

1161 7,461
.75 14.85 16.69 36.55 41,03

2,119 .78 15,44 11,14 41.98 46,67

1913 2,817 ,82 16.24 17,82 46.72 51.26

1914 3,038 36 17.03 18.40 51.74 55.64

1965 3,727 .91 18.02 19.11 53.15 61.65

3.411 .95 18,81 19.41 64.16 46,71

1961 1,671 1.00 19A0 19 110 77.73 12.73

1969 3,909 1.05 20.71 19,99 81.21 78.14

4,091 1.12 22.18 20.34 90.74 10.21

1170 4,210 1,18 23.34 20.31 98.35 85.51

1971 , 4,268 1.21 23.96 19.93 102.26 85.07

1972 . 4,181 1.26 24.95 20.08 109.31 87.97

19/1 4,407 1.29 25.54 19,44 114.60 87,33

1974 , 4,547 1.34 74.13 18.42 122.99 8502

. PROIIECTRINS 1

197S
4,952 1.41. 28.11

17.91 140.19 88,68

1914 ,

5,124 1.50 29.70
17.60 152,18 90.20

1977
5,297 1.18 31.28

17.17 165.61 91.93

1978 . 5,469 1,46 32.86
17.07 179.71 93.34

1979
5,641

1.75 34.65
16,91 195,46 95.41

1980
5,814

1,84 36.43
16.71 211.80 97,17

rlq...d on 1.1hrar1ann' salaries,

OP implicit price deNator (1975-1980 liPA) used to obtaln 1967 Constnot Doll4re.

1100CE: M1Cet FActo, Inc., C.ster for (Iiintltnilve 8clepers.
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310

N,%;c2... SaJLALY JO2NALS STWED, AVERACE COST OF STORACE

.V2 TOTAL COST OF STORAGE: 19604980

Tocil Coe .0:0111

$ Col!Yoloa3 3tered

PA
De(1a!vaary

Fdetorl

Awn,' Coc

(Current $)

Average CoAt

(Con mat $12

Total Current

$ Colit

011111(610(.411112as)
,

19,.13 . . . 13,795 .92 .166 .212 6,) 7,2

1941 , . 34,915 .91 .183 .211 6,9 7.9

40,785 .94 .190 .211 7.7 8.11

1761 . . , 42,155 .95 .192 .211 8.3 9.1

45,570 .96 .195 .211 8.9 9.6

43,46 .97 .197 .209 9.5 10.1

51,165 ,98 .200 .206 10.2 10.6

1967 . . . 54,0)5 1.00 .203 .203 11,2 11.2

1948 . . 8,614 1,02 A/ .199 12.1 11.6

V69 61,965 1,06 .215 .197 13.2 12.2

63,L5 1.10 .223 .194 14.1 12.3

1671 , . . 64,030 1.15. .231 .194 14.9 12.4

1,19 .242 .195 15.9 12.8

1973 . . . 67,235 1,24 .252 192 17.0 13,0

i914 . , . 69,505 1.28 .260 .180 17.8 12.2

PROJECTIONS

74,760 1.30 .264 .167 19.6 12.4

1976 . 76,8160 1.'2 .263 .159 20.6 12,2

79,455 1.35 .274 .152 21.3 12.1

1971 , .
92,45 1,39 .282 .146 21.1 12.0

1,17'1 , . 84,615 1.42 ,288 .141 24.4 11,9

EI,71.1 1.46 .296 .116 25.9 11.3

.MIMIMIRMEMOMI

9a..ed on Consumer Price Index for 7ers4na1 rent.

2

CN? Implicit glee deflator (1975-1980 N2t) aed to obtain 1967 Canstant Dollars,

.:0C.XE; Market. Facts, Inc., anter IL; Quantitative Sciences.
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Tahlt: 4.16 ESTIMA1F0 TOW.I, COST OF ACOM::::G, MAINTA1NLNG
AND STORING SGHoLArL7 JOI):....!!;: L960-1960

(Million:1 of Doilar)

Year
Total Cost
(Current

Total Cost
(CoorA;Int 8)*

1960 . 43.9 52.5

1961 . 53.3 59.9

1962 . 62.3 69.3

1963 . . 63.1 69.2

1964 . . 69.3 74.9

1965 78.4 83.2

1966 85.4 88.1

1967 100.4 100.4

1968 . 109.0 104.8

1969 11b.8 107.1

1970 . . 121.3 105.5

1971 . . 121.6 101.2

1972 . . 134.1 107.9

1973 . . 138.1 105.2

1974 . . 157.5 108.9

PROJECTIONS

1975 . . 194 123

1976 . . 189 112

1977 . . 205 114

1978 . . 221 115

1979 . . 239 117

1980 . '58 118

Using GNP iplicit d3f1ato- -197A NPi.) .to obLain
1967 Conc:tnr Dollars.

SOURCE: MarkE:t Facts, CuNici.- for co,:ntimtivc Scienco::.
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estimate of thls number was found from Table 3.19 by subtracting the previous

year's circulation from the current year's. However, some new subscriptions

are not accounted for in this manner because replacement of deaths and can-

cellations is not included. The deaths of journals over the period of time

1962 to 1974 are about two percent per year. According to the Indiana

University study (4E), the percentage of journal cancellations is in the

neighborhood of one percent. Thus, each year we have adjusted the number of

new subscriptions by a factor of 1.03. Results for the number of new sub-

scriptions are given in Table 4.11. (Note that we do not present data for

1960 since we did not have data for 1959 to obtain the difference). As can

be seen, the trend in the number of new titles acquired is quite erratic. The

future trend is slightly upward.

From the number of journals acquired and the known costs, the acqui-

sitions cost is computed for each year. The 1967 cost of $62.80 is used as a

base and this figure is weighting up or down by wage increases and decreases for

librarians. Costs do not include subscription costs. Average total acquisi-

tion costs and constant dollars are given in Table 4.11.

The total cost of maintaining a purchased scholarly journal title

can be found by using the total number of institutional and library subscrip-

tions. Again, the costs over 1960 to 1980 are estimated from the changes in

library wages since the maintenance costs are almost exclusively labor. These

costs are given in Table 4.12. The increase in total constant dollars reflects

the trend in number of titles maintained as opposed to the trend in average

cost which reflects wage increases of librarians.

The cost per volume of storing a purchased scholarly journal is

estimated from the number of journals maintained. The median age of a cited

journal article obtained from a library is 15 years. Thus, it is grossly

(but conservatively) asSumed that there are about 15 copies stored for each

one acquired and maintained annually. Based on this broad assumption, we

arrive at the storage costs given in Table 4.13. The cost index used is

based on rental value, derived from the Consumer Price Index for personal rents.

Th, total overall costs of acquisition and storage of scientific and

technical scholarly journals are shown in Table 4.14. As seen, 1974 costs are

$158 million or about 30 percent of total library S&T non-material expenditures.

280 9



www.manaraa.com

It is emphasized that the cost do not include subscription prices but in-

corporate only those labor costs incurred in libraries.

The costs shown above for library journal activities include those

which make up the organization and control function as well as the acquisition

and storage function. A third major category of non-material costs covers

public services. In order to separate total library costs into these three

categories, we assume, based on our knowledge of library costs and work by

Raffel and Shishko (130), that the breakdown of non-material library costs is:

acquisition and storage 113

organization and control 1/3

public services 1/3

It is also assumed that other costs (administration, etc.) can be equally dis-

tributed over the three activities.

Costs resulting from this assumption applied to total library costs

are shown in Table 4.15.
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Tablc 4.15 SCILalViL AN)) '1,CH::IrAl, 1.1r:;:y ACQM;;J'IJW:

STOEACI:,

Year

--
(Miiiinift; of 1)ol1ar1;)

- _v. -
L 0..

_

Const..-% r t

1

Cvrvrak
_

t 3*

1960 . . 37 42 37 42 37 42

1961 . . 42 47 42 47 42 47

1962 . . 47 52 47 52 47 52

1963 . 52 57 52 57 52 57

1964 . 58 63 58 63 58 63

1965 . 64 68 64 68 64 65

1966 . 72 74 72 74 72 74

1967 . 83 83 61 83 83 83

1968 . 98 94 96 94 99 94

1969 . 110 101 110 101 110 101

1970 . 121 105 171 105 121 105

1971 . . 140 116 140 116 140 116

1972 . . 152 122 152 122 152 122

1973 . . 164 125 164 125 164 125

1974 . 176 122 176 122 176 122

1975 . 195 123 195 123 195 123

1976 . 205 122 205 122 205 122

1977 . 219 122 219 122 219 122

1978 . 212 121 22 121 232 121

1979 . 243 Ilq 243 119 243 119

1950 . 256 117 '..'6 117 256 117

Us1r.E C t pric, deflat,c (1975-1 trJ n

SOURCE: Fo(7ts, Inc., fnr
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SECTION 5

ORGANIZATION AND CONTROL

5.1 Introduction

The organization and control function involves the description of a

bibliographic item and/or its physical location, facilitating identification

of, and access to, needed information. The major components of the information

community involved in organization and control include libraries, the national

bibliographies, and abstracting and indexing services. Libraries catalog and

classify the materials they hold, describing both physical characteristics and

subject content, and generally use the classification number to indicate the

shelf location. The national bibliographies provide these functions on a

larger scale, and may also identify libraries holding each item. Abstracting

and indexing services generally work with the journal literature, assigning

index terms to and abstracting individual journal articles and creating printed

or machine-readable indexes. The organization and con 1( functions performed

by libraries, national bibliographies and abstracting al. indexing services

.re discussed in the following sections.

5.2 Librar Cataloging

Libraries provide access to their collections by creating catalog

files, indexes to the materials in their collections. The traditional file is

made up of several catalog cards for each item, filed by such entries as author,

title and subject. The card catalog provides the primary means of locating

materials, and nearly all items acquired are cataloged. (See Table 4.8).

In 1901 the Library of Congress began the practice of selling to

libraries copies of the printed cards which were used in the Library of Congress

card catalogs. This service came to be widely used, and by 196R nearly 80

million cards were sold annually.

In 1968, the MARC (Machine-Readable Cataloging) distribution service

of the Library of Congress began. This service provides.machine-readable
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record!: of eltalogin:; infomation on prw,id d a majoi impctiv: for

automation in libralie:;. Ly the !,i:n!: aanivet!;ary of the MARC DintuiLntion

Serviec, a total of 570,316 enfolo:,ine, record:, hid h en created and c:qaloging

records were discribnted wor71aidc ihrongh ohont 60 service subscribers

to thousand of user libraries. NA;:E iecorfls r.re TIOY prodoced at an annual

rate of over 160,000 titic!; pet yeah., and uili coy,i- all of the cataloging

product-1o:: of the Library or Con.6re!.!:

Initially, the MARC-haed sers,icc:: pruvidid to lihvarics involved

the off-line production of c;Oalr% encds IA i:.11 int1i..,idualized format. There

now exist a number of on-line catalii1;, systcnis which allow a library with a

computer ten-Anil to call up a catalo;;ing roc.-,rd sheet_ fioN the data base,

modify it as necessary, and produce iudividali.zed cards for their own catalog.

The major computerized cotalo.ging :::ervice today is the Ohio College

Library Center (MSC). Libraric!,; using the OCLC syste:1 have access not only to

MARC records, but also to other catalo-in!! leco.,-ds created by OCLC participants.

In this way, it is estimated that up to 70 to SO in:rcent of a library's mono-

graphic cataloging requjrements ean Lc supported by the system, greatly reducing

duplica t,en of effort among

OCLC and the number of copies of

5.1 01110 COLLEC, Llb:IARY

1972/73,

ri number of cataloging

cc,taloL,!::,1 in 1973-1975

7Ps0t7.E`;S1NG STATISTICS:

1973/74, 1974/75

records in

are as follows:

Item 1972/73 1973/74 1.974/75

Number of catalog.ing
records in the data haL:e 652,114 935,314 1,420,755

Participating library c.li:ce 321,Y2 521,797 923,545

LC/MARC source 330,872 413,517 494,4:19

Copies of hool:s cataloge:1 1,194,7 2,555,055

SOURCE: Ohio i perj, 1972/73, .1973/74,

and 19.;!i/;', Center, 1973,

1974, 1975.
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In addition to supporting cataloging efforts, data bases such as

OCLC's provide the means for facilitating otiler library operations. Among

these are serials control, acquisitions, interlibrary loan, and remote catalog

access and circulation control. These are important both to internal library

processing and to the sharing of resources among libraries. In particular, as

the number of libraries participating in the system grows, records of holdings

information are an invaluable source for interlibrary loan. In 1975, the mem-

bership of uCLC consisted of 78 Ohio members and 11 networks containing some

36 libraries of all types and sizes.

5.3 National Biblinraphies

An important element in the organization and control of the book

literatute is the existence of national bibliographies, comprehensive lists of

materials published and/or held by libraries in a given country. The U. S.

National Union Catalog is maintained by the Library of Congress and gives

bibliographies and location information for items held by the Library of Congress.

The number of unique main entry records added to the National Union Catalog

each year is shown in Table 5.2

5.4 Abstracting and Indexing Services

Among the secondary literature sources, abstracting and indexing

services play an important role in providing the intellectual analysis and

organization of the scientific literature which allows it to be accessed

effectively by scientists and engineers engaged in research activities. While

concentrating primarily on the journal literature, A & I services treat all

literature services to some extent, and provide scientists with current aware-

ness of materials relevant to their fields of interest as well as guides for

retrospective search of the world's literature.

Abstracting and indexing services are provided by a wide range of

organizations dissimilar in their sources of funds and thoir sponsors but

generally similar in product. The traditional product is a periodic publica-

tion listing items considered, often with abstracts, and accompanied by appro-

priate indexes. Abstracts may be indicative, informative, evaluative, or any

combination of these types. Indexes also vary in type as well as comprehensive-

ness; the principal forms of indexes used are descriptive cataloging,
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Table 5.2 RECORDS ADDED TO THE NATIONAL
UNION CATALOG: 1961-1974

Year

Main Entry
Records Added

1961 136,932

1962 150,200e

1963 163,395

1964 163,977

1965 217,936

1966 200,106

1967 210,800e

1968 221,575

1969 298,930

1970 341,837

1971 352,229

1972 347,200e

1973 354,700e

1974 349,300e

e .

Estimated.

SOURCE: Annual Report of the Librarian of Congress,
Washington, D.C.: Library of Congress, 1974
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alphabetic subject, keyword, and citation indexes. In the production of the

traditional product a number of organizations have produced machine readable

data bases containing similar information which can be used to provide services

directly. The growth of such services has been substantial in recent years,

suggesting correspondingly less emphasis on the printed A & I product in the

years ahead.

The key issues in the abstracting and indexing area from a user's

pcint of view are the coverage of relevant literature, the time lag between

primary and secondary literature publication, and the cost of obtaining the

service. Ultimately the issue is the utility of the A & I service.

Impacting the coverage provided are a variety of factors, in-

cluding the number of services and their subject orientation, the overlap in

coverage among various services, and the degree of cooperation and coordination

found. Time lag is primarily a matter of internal efficiency within the indi-

vidual A & I organization, but may also be related to coov.ration between these

organizations and the primary publishers. The cost of an A & I publication is

also closely related to the degree of cooperation between primary and secondary

publishers as well as among the various organilations producing A & I publica-

tions. Costs are also dependent on the level of service provided and will be

affected by operational and technological changes throughout the publication

process.

The following sections outline the various stages in the publication

and distribution of an abstracting and indexing product, presenting available

data which suggest trends in the key areas of impact. Preceding all of these

sec' ns and providing the overall framework for discussion is a section on the

nuni )f organizations providing A & I services.

5.4.1 Number of A & I Organizations

A number of attempts have been made over the years to identify various

categories of organizations providing A & I services, going .back at least to the

first edition of Index Bibliographicus published in 1925. Of more recent

interest, A Guide to U. S. Indexin_g_ and Abstracting Services in Science and

Technolou (85) was published in 1960 by the National Fedation of Abstracting
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and Indexing Services (NFAIS). This compilation contained about 500 entries,

and was limited to U. S. services. Three Hundred and Sixty-Five of these

services were repeated in the 1963 World Guide to,Abstracting and Indexing_

Services in Science and Technology (86), another NFAIS publication. This

document contained 1855 titles from 40 countries, chosen from 3155 titles

examined. In 1965 and again in 1969, the Federation Internationale de

Documentation (FID) published guides to abstracting services in science,

technology, medicine, and agriculture, and also social sciences and humanities.

The 1969 edition contained 816 entries in the science and technology volume

and 180 entries in the social sciences volume, and did not include indexing

services. A comparison of this list with that of the 1963 NFAIS World Guide

indicates an increase of 30 percent in the number of abstracting and indexing

services over the six year period, and a combination of the two lists identi-

fies 2671 unique entries representing world wide A & I services in all subject

fields.

In an effort to merge and update data contained in these previous

directories and to create a base for ongoing data collection, FID and NFAIS are

currently working on a joint project to prepare a machine readable inventory

of world abstracting and indexing services. The data base is scheduled for

completion early in 1976. Included in the record for each service will be some

91 elements describing the service. Services listed were selected primarily

from existing directories, according to criteria established by an advisory

committee. Preliminary results of this project indicate a final data base con-

taining descriptions of approximately 2100 A & I services plus approximately

200 machine readable services, some of which are cross referenced to the basic

services.

Combining this known Information, Table 5.3 suggests some tentative

conclusions. Indications are that the U. S. accounts for a relatively small

percent (2(Y in 1963) of the world's abstracting and indexing organizations,

and that a large percentage of these organizations (82% in 1969) deal with

scientific and technical literature. These figures may be available for 1974

from the .world inventory file, but in gener-F.1 changes over the period 1965

1974 cannot be diqcnssed. With respect to the total number of services, the

1974 esLimate of 2100 world A & I services seems most reliable, and reflects

substantially 1,ss growth in the 1969 1974 period than the 30 percent esti-

mated for 1963 1969. 3
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Table 5.3 NIPI3ER OF ABS1PACTINC AN!) ].:0:,X1Cf: OAill7/.T1ONS: 1960-l974

Type of

U.S. Science 6
TcohnAngy . . . .

World Science &

2
11(01_

500 365

3* 4
1076

Technology . . . 1,855 816

All Fields 996 2,100

Indexirg Services not counted.

SOIRCFS: illaticoal Federation of AE.-:r-:-..tine Scr,..EcE,, A Guide
to U.S. TrdeE:in- ae4 En

Technole,v, 190.

2
A Guide to chi. World'r 3er%L7. in
Science and Tochn7ln,y, No. 102), 1963.

3
Abstractin2 Service::: . 1, Scl.:.nce,

Agriculture. Vol,..7.e 2. iederation
Internationale de'Doctr::en._...c.i.an (Ihe igue), 1553.

rFlus estimate.

Two important sources of data on abstracting and indexing have

covered a number of the major services. The two source:, are the regular

-statistical compilations published by ::FATS since its formation in 1958 and

a 1966 System Study of Abstractin aE::! Inde7:ing in the United States (141) by

the SyF.tem Development Corporation. In 1974 and 1975, NFAIS statistics covered

27 U. S. member organizations, including seven government affiliates.

SDC used as Its universe the 365 U. S. organizations listed in the

1963 NFATS directory. From these, they selected appro;:imately 150 candidates

for study, based on size and on influence in the scientific community, and

sed both site interviews and mail cine.3tionvaires to obtain information on 77

A & I products. Other calculations were made on the basis.of 100 major organi-

zations selected from the same directory, Lining data included in the directory.

These hundred organizations produced about 220 publications, approximately 40

percent of the total number of abstractlir,; and indexing publications in the

U. S. and including all of the major on,--s. The htindred organizations were

classified into five categories as follo.,:a;:

Federal 10%

Societal 20%

Industrial 23%

Comrxvciul 30Y

Inst[tutionn] 167
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For most purposes these hundred organizations can be considered to represent

the entire universe, particularly with respect to the number of items covered.

Also of interest is the number of organizations generat ng mach!ne-

readable bibliographic data bases, and the number of such data bases. This

information is not regularly compiled, but a number of surveys have been con-

ducted and are expected to be updated. Sources of Information on U. S. data

bases include the ASIDIC Survey of Information Center Services (152), the ASIS

Survey of Commercially Available Computer-Readable Data Bases (140) and Kruzas'

Encyclopedia of Information Systems and Services (70). A recent source which

appears to be comprehensive is found in Volume 9 of the Annual Review of

Information Science and Technology (7), which lists sor.a 118 data bases, 90

of which are generated in che U. S. by 52 organizations. These are 1973 figures,

and suggest substantial growth since the beginnings of the industry in the

mid 1960's.

5.4.2 Number of Items Abstracted and Indexed

The National Federation of Abstracting and Indexing Services (NFAIS)

regularly publishes data on number of items covered by their member organiza-

tions. Their most recently published statistics (published in February 1974

and February 1975) are summarized for the period 1960 - 1974 in Table 5.4.

Items covered by full members increased 205 percent in this period, with U. S.

government affiliates covering 80 percent more items, for an overall growth

rate of 143 percent. A projection of the total number of items to 1980 is

shown. It is important to note that these figures include substantial amounts

of overlap, that is, duplicate coverage of a single item by two or more

organizations.

In order to determine what part of total U. S. production is repre-

sented by its statistics, NFAIS has compared its 1962 and 1966 data with that

compiled by SDC for a hundred major A & I organizations. The comparison

suggests that NFAIS members account for about half the volume the one

hundred sample organizations. The growth rates for NFAIS members and the SDC

sample organizations are similar (about 38%) over the 1962 1966 period.

3 5 9
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Table 5.4 ITEMS PROC:',.,' 0 AY U.S. MEIAITS:
1960-1980

011our:Finds)

Year _

1960 . .

1961 . .

1962 .

1963 . .

1

Full Voting
Memht2r:;

(..,cveri.merlt..

_

278

294

303

308

Total

310

109

410

448

588

676

713

756

1964 . 450 345 795

1965 . . 482 402 884

1966 . . 603 383 .986

1967 . . 598 398 996

1968 . . 678 457 1,135

1969 . . 758 468 1,226

1970 . . 831 426 1,257

1971 . . 895 481 1,376

1972 . 933 516 1,449

1973 . . 910 492 1,402

1974 . . 945 498 1,443

PROJECIIONS*

1975 . . 1,590

1976 . .
1,650

1977 . . 1,720

1973 .
1,790

1979 . . 1,850

1980 . .
1,920

*

Tnc., Cent:k!/ for

of Abstrc:ct.1::7. Serv.ice-;) Mc771,(1..r Scrvicc

Fr2bru.lry 1974 and 1975.
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In 1962, Bourne (17) and Heller (58) estimated that total production of

U. S. abstracting and indexing services was about two million items. Since

this is quite close to the SDC figure for 1962, t.yk will assume that the SDC

figures represent nearly the entire universe, and in*-t.urn that NFAIS statistics

represent about half of U. S. production. If this assumption holds over time,

1974 U. S. production would have been approximately three million items.

NFAIS statistics do not include any commercial organizations, which

accounted for about 20 percent of the total coverage recorded by the SDC only.

One of the largest of the commercial organizations is the Institute for

Scientific Information (ISI) and relevant statistics for it are presented in

Table 5.5.

The SDC study found that in 1962, 56 percent of the 1,856,000 items

reported covered were abstracted. The remaining 44 percent were indexed only.

No more recent data is available on this distinction, 'ut it can be observed

that substantial numbers of the machine readable bibliographic bases contain

abstracts. This may suggest an increased proportion of items abstracted.

The number of items covered by A & I services cannot be compared

directly with the volume of world literature because of overlapping coverage.

A number of attempts have been made to identify both extent of coverage by

A & I publications and overlap between various publications. The SDC study,

considering 30 abstracting and indexing organizations, found that the number

of services covering som-part of each of 178 COSATI (141) subject areas ranged

from two to 18, with a median of 11. The conclusion drawn was that coverage

was fragmented and irregular. Other studies in the late 1960's confirmed

these results.

Overlapping coverage has also been studied, and some results are

suggested in Table 5.6. NFAIS is currently conducting a study of overlap in

journal coverage among 14 A & I organizations, which should give some indica-

tion of recent overlap data and also of the extent of the journal literature

covered. Overlap, of course, has both advantages and drawbacks, with the draw-

backs primarily a matter of increased costs. Some of this is alleviated by

increased cooperation, especially exchange of abstracts, between A & T organizations.

(i 1
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sPiesi

Table 5.5 SUUECI,
PROCLED EY 1;,A-1974

(Thow-..an&;)

Year
-

Itcm!,;
_

Processed- -
1961

1962

1963

1964

-
113

124

129

152

1965 236

1966 274

1967 304

1968 309

1969 . 341

1970 362

1971 364

1972 . 378

1973 . 407

1974 401

SOURCE: Institute rcr Scieutiric Information,
Science Cication incx 1974. Guide
and Journ.-:7
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Table 5.6 INDICATIONS OF OVELAPPING COVERAUE AMNO SECONDAY SERVICES

Services Degree of Overlap

Biological Ab:..tracts (BA) versus
Chemical Abstracts (CA) versus
Physics Abstracts (PA)

BA versus Excecpta N-dica (LIN)

BA versus Index Medicus (IN)

CA versus BA

CA versus Geoscience Abstracts
(GSA)

CA versus International Aerospace
Abstracts (IAA)

CA versus Nuclear Science Abstracts
(NSA)

CA versL-s Review of Metal
Literature

CA versus Scier. nn6

Technical A :o Reports
(STAR)

CA versus Technical Translations

PA versus NSA

Bibliography of Agriculture with
15 major services

BA versus CA ver5ius El

57X of a sal.ple covered by PA also
co-:ored by CA; 40% of a sample
covered by BA also covered by CA

52% of a si.iple of 95 cardiovascular,
enCocrinc, psycbnpharwcolegic
paper:: cove;...:: by EA also cov.2red by

EM

54% of the sc7ials covered by 1M also
covered by BA

20% of 110,000 items in BA also
covered by CA

20% of 6,000 items in C3A also
covered by CA

25% of 30,000 items in IAA also
covered by CA

51% of 17,600 reports covered by NSA
also covered by CA (using in this
instance NSA-prepared abstra.2ts);
58% of 27,900 journal articles in NSA
also covered by CA; and 73% of 2,630
patents in rsA also covered by CA

55% of 18,000 itens in Revie of
Metal Literature also covered by CA

14% of 36,300 articles in ST:: also
covered by CA

73% of 24,000 itms in Technical
Translations also covered by CA

54% of a sa7Tle of 2,246 articles
appeared in both rA owl NSA

No overlap great.er than 20%; 54%, of
B of A itc.11 not covere0. elsewbre

1% of 1,4592 jwarna1s coverd
monitored by pll 3, 27% by 2, a:1d
72% by only one - least over]ap be-
tween El and iL'I

SOQP,C1:: Col,.,i_ttce on Scionticric. ancl Tc.,chnic] Cc, .

Academy of Scioncts, 5ir _l_c_chn.L(2,..1

Annunl R-vickJ of TI:for!..-.tic:! Vt:.1. 5, 1970
_ _ _ .

and Vol. 8, 19/Q.
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5.4.3 Costs of Altracting and Indexing

Costs of the actual abstracting and indexing process have proven

difficult to identify. Bourne, in a 1970 review of the literature (15), suggf

a range of $2 - $8 per abstract, with $5 as a representative figure. This

would indicate creation of about 8 or 9 abstracts per person-day. For indexii

Bourne found a range of $1 to $20 per indexed article, corresponding to 8 - 3(

articles per person-day. These are 1968 data.

Bourne also considered total A & I service costs, and found a 1968

range of $5 to $30 per item. This data has been supplemented by contact with

the individual serl'ices, and the results suggests a cost per item of $25 in

1967.

5.4.4 Sales of A & I Publications and Services

In general, it would be expected that most sales of A & I publica-

tions are made to libraries, particularly the more expensive items. The pricE

of A & I publications depends upon the form of publication and on other types

of E-upport available to the organization, including advertising revenue levieE

on society membership, industrial support, and federal subsidy. Volunteer

labor may also contribute to the support of A & I publications.

Subscription prices follow several different patterns, sometimes

including differentials for society members or nonprofit educational institu-

tions. Flexible pricinz practices are also in use, with the price for each

facility set according to such factors as the number of potential users or

the library budget. Library subscription prices for selected publications

are shown in Table 5.7. Price increases over both the 1963 - 1968 period and

1968 1973 were substantial, with larger increases observed in the latter

period. The same trend is also evident, though less marked, in price per

entry increases. The price per entry increases for Biological Abstracts, for

example, are 167 percent from 1963-1968 and 67 percent from 1968-1973.
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Table 5.7 AK SERVICE SUBSCRIPTION PRICES: 1963, 1968, 1973

Publication

Type

of

Pu511s5er

19631 19631

total

Entrial

19/3
2

LibrarY

Subscription

Priv' (8)

Total

Err:!ca

. Price Increase (:)

1963-19C8 1511-1913

Library

Subscription

N1 (11)

Total

Entries

Library

Subscription

Froce

:111o3cap1 y

c(

Aricql..ure Federal 10 105,409 19 111,665 95 113,000 90 400

3tolo;ical

A!'stre:s Society 225 100,862 600 214,000 1,000 240,000 157 61

Cher!ce

kr:tracts Seciety' 165,000 1,550 251,324 2,400 356,549 55 53

lees Nodtcus Federal 40 130,000 72. 201,000 155 Z07,030 30 115

Psycholoaical

Abstracts Society 20 10,000 30 19,586 190 24,409 50 533

..,..

SO010E:
1

Cormitten on Scientific and Technical Conmunlcationa (SATCM), Nationnl Academy of Sciences-Natioanl Aca,!emy of Engineering,

Scientific an:1 Technical Communicatlon, June 1969.

2

Individual publications.

(.3`""0,)
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5.5 Organization and Control Costs

Included in organization and control costs are library cataloging

and processing costs (See Table 4.15) and A & I service costs. Abstracting

and indexing service costs are estimated in Table 5.8 by assuming that

1. NFAIS statistics on items processed represent about
50 percent of all items processed in the U. S.

2. Ninety percent of abstracting and inc., g is of

scientific and technical material.

3. The average cost per item processed was $25 in 1967

and can be adjusted by changes in professional,
administrative and clerical pay.

We also estimate that 75 percent of the items processed are journal articles

and that, of these, about 50 percent are published in the U. S. The cost of

processing articles published outside the U. S. is included in our totals since

the A & I publications are U. S. products.

The two cost components of organization and control and their sum

are shown in Table 5.9

7
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1W)le 5.8 1:ST1nii'D f;;;I

AND IND[IC; C0:-.;.1;! ]9(-J,-190

------- ------------

1

Sf.T It-.: Prci-Ites,s F10,-,,;red

bylcossi:dby1.7..S.Cest
1

U.S. If-CAI:I :.:,:v11..ers A&I S.:rvic,s- Per T''n-lc.

Estimated SU
Abstracti.n.,Y, 52

CoL,ts

nf S)

1960 . 568 1,058 20.00 21

1961 676 1,217 20.60 25

1962 713 1,283 21.20 27

1963 756 1,361 21.60 30

1964 795 1,431 22.50 32

1965 884 1,591 23.20 37

1966 966 1,775 23.90 42

1967 .: 1,793 25.00 45

1968 1,134 2,041 26.40

1969 1,226 2,207 27.90 62

1970 1,257 2,263 29.60 67

1971 . . 1,377 2,479 21.50 78

1972 . 1,451 2,612 33.40 87

1973 . 1,402 2,524 3"'.20 89

1974 . 1,443 2,597 -.40 97

- PROJLCFIW.S2

1975 . . . L,59° 2,862 39.20 112

1976 . . . 1,650 2,970 41.CD 122

1977 . . 1,720 3,096 42.90 134

1978 . . . 1,790 3,222 44.90 146

1979 . . . 1,650 3,330 47.00 159

1980 . . . 1,920 3,456, 49.20 173

1
SOURCE'S: Nation31 FcderJcion eC Ind,- a:,

Membcr F.:cra:Ivy z,:,d 1275.

2

Markut Fac:_s, Inc., Center for c%i.it:citi-.C.v,2. Sr:.
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Table 5.9 SCIENTIFIC F, TECHIC:1 0:;=AAT10:: AW CCY:YOL COSTS: 1960-1930

(Mi1lion of Dollo.r0

Year

Cur r6n t_

Cc:;;-,s.....

2.7.7,2:r2i.:.....*

! Ir::...:'.:,:37-r...:::,1:7::::

_1___ "4:::: '._ Cor.-.:?nt*

and Cont-o_l 2.7.;:.2.____.

C.- r i7sr..r.r._*.[____:: : r rer `

1960 . 37 42 21 24 5%' 66

1961 . 42 47 25 28 17 75

1962 .
47 52 27 3G' 74 82

1963 . 52 57 29 32 81 89

1964 . 56 63 32 35 90 98

1965 . 64 63 37 39 101 107

1966 . 72 74 43 44 115 118

1967 , 83 83 45 45 128 128

1963 . . 98 94 54 52 152 146

1969 110 101 62 57 172 158

1970 121 105 67 59 188 , 163

1971 140 116 78 63 218 181

1972 152 122 87 70 239 192

1973 164 125 8? 68 253 193

1974 176 122 97 67 273 189

FaOjac:Z5
1975 . .

195 123 112 71 307 194

1976 . .
205 122 122 72 327 194

1977 .
219 122 134 74 353 196

1978 .
232 121 146 76 378 196

1979 .
243 119 15? 77 402 195

1920 . .

256 117 173 79 429 197

Usi GNP inPlicit dcfldt,:,7 Lo :567 r Doll3r*.

SOURCE: MaCKet Fects, CPntr scf

`,3
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SECTICN

IDENTIFICATION AND PHYSICAL ACCE

6.1 Introduction

A scientist desiring information contained in the literature gains

access to it c lowing a two-step process. In the first step, documents

which contaL ;iy contain) the information are identified by such means

as prior knowledge, a document or colleague referral, a library catalog, or

an abstracting and indexing publication. Each of these means involves the

linkIng of subject descriptors to bibliographic descriptions of documents,

so that documents on a given subject can be identified. For example, a

scientist reading an article in his own subscription copy of a journal will

store in his m2mcry a description of the article subject matter, just as an

abstracting and indexing service will develop index terms and an abstract

for the article. If the information is needed, the scientist may recall the

article read in the first instance or use the A&D publication indexes to

identiiTy it in the second instance.

Clearly, the better the match between the scientist's need and a

do,:ument's contents (as represented by the scientist's expression of his

need and the document description, respectively), the better the results of

the identification process. Two measures which have been developed to ex-

press the value of an identificat i method are preci-:ion and recall. Pre-

cision is the proporion or all documents identified which are judged rele-

vant by the user, and recall is the proportion of all relevant documents

which are identified hy the system. In vneral, precision and recjli are

inversely related; that is, measures tke to increase p cision in the

identification process may have a detri7ental effect on recall.

When a document has been identified as potentially useful, it still

must be physically accessed. This is the second step in the iden,:ification

and access process, mnd requires a link between a document description and

a physical location in which that docu7Jent is stored. In libraries, thi.7

functLon is genernlly served by the card catalog, which also is nn identifi-

cation source. Other snurc-s of physical access include the publisher, the

300
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author, and personal and colleague ollr,,tions. In any case, the measure

of vane of an access source depends or whether or not the required docu-

ment is available for the scientist's use.

The Author Survey provided t_onsiderable information about the ways

in which scientists identified and gained access to articles which they cited

These processes are discussed in subsections 6.2 and 6.3 below, followed by

a subsection on identification and access of all types of materials via

libraries. The final subsection identifies known costs involved in Identifi-

cation and access.

6.2 Identification of Journal Articles

We have seen that the cumulative volume of journal literature

available for use by the scientist is a staggering figure. Thus the process

of identification oF this literature, and particular/y the selection of ma-

terial LAE-iant to a specific project or specialty, is a key activity.

Methods of identification of the journal literature cat. be classi-

fied as direct or indirect. indircc-t informacion implies that the user first

learned of an article through a formal or informal reference to it, such as

an abstract in an SDI service. Direct identification would then come, not

through a ference, but from initial contact with the actual article.

Within each of these identification methods, a number of further

alternatives are possible. The copy of the article which the user sees may

com.2 from Ills own, a colleague's, o, 1 library subscriptio: or it may be

a preprint or reprint obtained from variol;s sources. Indirect identification

may -)e, the result of a colleague's reference; a reference in another arti,cle,

book, or report; or of an abst:act or index entr:, found in a secondary publi-

cation or output from a bibli,,,gr:;phic data hae. Costs and efficiencies of

each of these methods vary

Table 6.1 and Figure 6.1 show the total numb, oF journal articic:-:

identified hy ;Iuthors hy direct am', indirect methods, taken from the results

of our Author Cvev Again, ir he kept in min," that those Figuret;

r LH:It port:ion of- rtil jonrn;11 :II-tin-10 use accounted for hy authors
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Table 6.1 NUK,'"R AND PERCENT OF ARTICLES DENT. IED, BY YEAR IN RICH CITED: 1963-1975

Ar!irle

Ilent¶fication 1958 19 00 1979 1971 1972 1973

(c08) Z (00) 2 (090) 2 (020) % (0(0) Z (0 '0

otal Idcntlf!catton4

1379 100 1395 109 1531 100 1516 103 1651 120 1122 100

nIrro 1dr1r51r.o1lons 534 39 5(6 41 34 491 32 [ 52 32 720 ,2

!-o0.,qt:r1p-

tIrn CfilY 19 11 220 14 119 12 220 It 356 21

!1,11,1crIptton

244 IS 226 15 144 10 128 9 737 0 L56 9

Fr(yr!lit or licprint 194 13 172 12 158 11 174 12 167 10 209 12

1

.18d1rt If18_11T1rltIong 619 49 654 47 844 55 875 53 : 191 9 1 81 51

PrOo1e, :look, or

ort R,14,2ren:e 212 19 1.3 25 473 31 548 36 546 :7

Colloav, 7,,,1crPnr.e 161 12 139 10 1 72 12 25 16 2rA 11;

5-1100),..v roollcation

ot Scrv!cc 238 18 172 12 222 14 153 10 705 12 143 9

Dn't Ro.v,mber or 1

!^ 166 12 175 13 145 11
1

15r 10 108 7 130 8

Fact8, .rc,, Center for 1411t1Dit' Sci,onvs.

1 1974 1975 TAtn1

(0(T) 2 (000) 1 '(01!,1

1806 100 1819 100 12819 120

635 40 4975 39

453 5 2133 17

14) 8 i 7 ! no 10

241 13 34v '4 1551, 12

A:9 0 II 40 6633

496 27 505 29 361 12

24u It 191 11 1594 28

15' 6 135 7 H419 11

124 1 1 15! 1 1171 1
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F1 6.1 ANT ICU 11)-'.:1 !:(,;,%1:1;: )S: 1968-1975

TOTAL

1000

500

100

68

INDIRFCT

DIRECT

:
____

r r -1--- r

6 9 7 0 71 '7' ?
I c_. 73 74 75

Ycar
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obtainin material which they then cite in their journal articles.

Overall, indirect methods account for 52 percent of the article

identifications made by authors, and direct methods account for 39 percent.

Variations were observed over the 1968-75 period, with indirect procedures

reported proportionally more between 1970 and 1972. The choice k,F indirect

procedures is probably most closely related to the conduct of a special

literature search of an individual topic, while regular perusal of the litera-

ture would account for most items identified directly. Thus it would seem

from these results that somewhat more literature searches were conducted in

the 1970 to 1972 period. !This is confirmed by the results of a (.irect

question on literature s, ches, which are presen.ed in Table 6.2 and Figure

6.2. They show a relatively high proportion of literature searches to other

methods over the 1968 to 1972 period. The data correspond well with that

of Figure 6.1 except in 1968 and 1969. We hypothesize that this discrepancy

is due to the length of the recall perIod for 1968 and 1969 authors, which

git result in less reliable dat,

6,2.1 Direct Identification Procedures

:71.guce 6.3 shows percent ]c! breakdowns of tbe various types of

direct identifi:ation procedures, including subscriptions individual, in-

cluding colleague, &ad library and reprints and preprints. Overall, use

of reprints and preprints account Eor 12 percent of total . Licle identifica-

tion, while use of subscription copies accounts for 27 percet. Incl.1ded

in the subscription figure is 17 percent for individual subscriptions and

10 percent for library subscriptions used. Changes in these figur...s over

time suggest most notably that non-library methods of direct identification

are gaining in importan.e.

().2.2 Indirect identification Procedures

indirect identification p-wedure_s ilicILde reference to an article

by a colleague r co-wc :er; refercne, :ade by anothyr article, bool(, cr
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Table 6.2 LITERATURE SEARCHES CONDUCTED BY YFAR
OF ARTICLE PULLACATION: 1968-1975

Author Response

Year of Article Publication

1968 1969 1970 1971 1972 1973 1974 1975

Literature Search
Conducted

Number (000) 815 840 947 882 935 871 901 962

Percent 60 60 62 58 56 50 53 52

Literature Search
Not Conducted

:.;umher (000) 391 383 386 526 658 736 749

Percent 29 27 25 27 32 39 40 40

Don't P.:T,L!mber

or No AY

Number (000) 181 1s7 227 195 198 132 155

P6rcent 11 13 12 15 12 1 7 8

ToLd1

r- Number (000) 1357 1404 /20 165( 1727 1859 1866

Percent 100 100 100 100 1 !I 100 100 .100

SOURCF: wtiwr Survey, Fact!=i, Inc., r for Qu:Inti_tat. Sciences.
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report; use or printed indexes or catalogs; use of i computerized literature

search; and use of a current awareness or SDI system The last three method!;

were mentioned fairly infrequently by authors and so are grouped together in

Figure 6.4. 'This figure shows percentage breakd dns for indirect identifica-

tion methods over time, reflecting overall totals of 12 percent for colleague

references, 28 percent for references in published sources, and 11 percent

for references in the form of abstracts or index entries. The earlier ob-

served increase in all indirect search procedures during the 1970 to 1972

period seems [o be a result of the increase in identifications via article,

book or report reterences.

The decrease in the use of abstracts and indexes should also be

noted. This figure represents mostly the use of printed indexes and cat-c-

logs, with a small number of SDI searches made over the years and a small

but increasing number of computerized literature searches used.

Other sources suggest that thu use of computerized literature

searches, particularly via on-line systems, is expanding rapidly, so that

these should play a more important role in the future. Figure 6.5 is a graph

compiled by Martha William.; (152) shing the number of interactive bibliographic

searches made in the U.S. The increase berween 1971 and 1974 as shown is

nearly 160 percent, and even more rapid growrh is rinticipated. The gt-L-.-th

of commercial services ma: be as much as 50 to 100 percent each year. Accor-

*ding to Ander-La's 2rojections (5), aote,lated information will entirely replace

present nnnual mPthods during thi dc,-ado 1980-1990.

Our a on the decline in use of abstracting and indeY ig publi-(

catiow can be contrasted with availab7o figures on the volume of items ab-

stracted and indexed over Years. Information Lompiled by the ':ational

Federation Abstricting and 1ndoxin4 Service about their members is shown

in Table 6.1. This shows in increas,-. of 36 perct,- in tile number nf items

Winr abstr,ict. Jnnuallv :rom 19(,8 to 1975, contrasted wh a 43

per ,nit in Hs.., or these publications hy Juthors (see Table 6.1).
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Figure 6.5 ORMTII OF INTERACTIVE BIBUOGRAPHIC SEARCUING IN THE U. S.: 1968-19V

*wrommirwmp..... .10.01141111011111MMMIMM1

1,T17,

year

SOYRCE: Table 6.10.
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Table 6.3: NUUFR OF 711'.1S PROCrED Abf Sr!:VICES

Nun.bor of 17ter:Is

Procunsvd

Annual PercLnt
Change

Osav: 19;;C,

1135

(Thoo-:!n.1s)

Ir.119 3;70 197] 1972 1971 lci74 197

Total
J.Y-75

1226 1257 1376 1449 1402 1441 1544 N.A.

8 3 9 5 -3 3 7 36

SOURCE: National F rrici of n,;t::aetirg and Indo%in,(.7, Services, Mer.ihnr

Service Etnti!:tka, FO.rucry 174 and 1975.

6.2.3 Direct and Indirect Identification Procedures by Field of_Scence

Significant variations were obsered in the use of different iden

tification methods by authors in the nine fields of science. These results

are shown in Table 6.4 and Figure 6.6. Of special note are the greater re

liance on direct methods by computer scientists, engineers, social scientists

and "others". One might. attribute this to less coverage by the secondary

services in these areas were it not for the relatively small volume of use

overall of secondary services. Another explanation would be greater im

pori'ance placed on regular perual of the literature in the fields mentioned.

Indirect ideutillent.ion maLhods iriclude article, bool or report

references, colleague references, and Eecondary publications on services.

With the exception of engineers and life scientists, the first two of these

were more heavily utilized by our snrv,y respondents. In absolute terms,

life scientists accounted fur 72 perceut of the total identifications made

via secondary publicatins or services.

6.3 Trends in Soulres or Acc:..ss

For this analysis, Author Survey responses were divided into four

basic sources from which citing ah!ori-', could elDtain access to cited arti

cles: library, publishc.r, colleaL:i,- or offi.ce collection, and cited author.

Respo71ses were pcojtcted to a re;:il popclfltion ni nrr.cies cite:3 die

1968 and 1975. For dispioy:. of '..-.-ends in nnmbers of articles ac:essed

fror,; !--otlYcct;, averag(, :.,ere calculated.
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Table 6.4 ARTICLE IDENTIFICATION METHODS, BY FIELD OF SCIENCE

1otlfl.ar1oo 740,6

1

I

rliyokk1 9doocoo,Witoodro!fmoloal.06.g.4.roollootooto1

,

!

I

.

1

. 7o0orrtog 1111 Mewl' 9001077 56611 Sct,mco7 Othor ScIrofoo

1

I 'foto(

r.: 1 P"9_1: SP1___X ...(000/_..)....-PW
,

t kIn ! ('j) ; oro I ,,:,,,,, :

r0 ;e.,,,(1,..1", ..pl. 1,.4.7 11) 117.5 1r9 5).1 100 OIL) wo I,04.) Ino 7,067.6 101 110.2 100 256.1 100 11/.7 110 11,451,8 11 O

1.4 I

,

La
I1!1(An10,4

N.)

147.1 01 '25.1 11 14.9 27 70%9 75 116,0 27 1,147.1 20 211.9 11 ! 119:9 50 19.7 17 1,17.1 26

Afirtint Arrr!ot 140.2 10 55.1 27 9,0 24 I2(1,4 Is 791.11 21 070.1 11 00.4 1 11.9 $ 11.9 17 1,714.7 11

In41w,r letnt1".Aatirno

Ar116,,

141111 11,7pcfrw. 444,9 11 ' 4.O 21 11.1 22 1114 27 111.1 11 1,113.4 11 303.6 31 j 11.1 18 , 07,3 10 17674.6 70

67,11447,0014ew4 115.9 1) 43.1 12 11,6 IP 111,0 22 107.7 14 664.4 13.4 14 16,7 A 7,7 6 1701,1 12

OuM Icittfn

eP 770,2 t 0.0 2 12,7 I 206.9 15 1,096,1 14 71.4 5 11.1 / 1,1 3 1,012.4 12

Don't Roo.oher or Po

Orfq.nniut 101.) 1 111 1 3.0 10 101.1 1) 172,1 9 7111 9 50.5 9 1,4 1 14,0 11 1,1h1.9 9

70; Sorry, Norlot focto, lot., Cont e! for quootItorlro 3ct4M101

3S 4



www.manaraa.com

rd.)"

Figure 6.6 ARTICLE IDENTIFICATION
METHODS BY FIELDS OF SCIENCE
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Table 6. displays moving avernges of the estimated number of

times each of the f ulr occess sources was used for obtaining cited articles

during the period 1968-1975. (Note that only non-self-citation articles

were considered in the author survey.) Figure 6.7 graphs these estimates

for the veriod under consideration.

Projert-.4ng from the sampled citations used in this study, t_he

LibNir2; consistently the most often used supplier of access to cited

articles used between 1968 and 1975. Access directly from authors (i.e.,

via author reprints and preprints) increased from 2,094,000 to 2,775,000

a:cesses between 1968 and 1975. This represents an annual increase of

approximately 4.3 percent. Access to cited articles via colleagues or

office collections rose from 1,411,000 to 1,565,000 in the same period,

an overall increase of 11 percent.

Access via publishers, including individual user subscriptions

and the purchase of reprints from publishers, appears to follow a quite

different trend. The rate of increase differs between 1968-1972 and 1972-

1975. For the first period the annual rate is 12 percent, while for the

latter years it is 28 percent. Together, there is an overall increase of

232 percent between 1968 and 1975 article accesses.

Based on ove:all increases, library use, as measured by access to

cited articles, is not increasing as rapidly as the other types of use.

This is demonstrated in Figure 6.8, "Relative Us of Sources of Access to

Cited Articles, by Year of Citing Article", plotted from Table 6.5 percen-

tage data. While literature use, as measured by total accesses to cited

articles, increased at an annual rate of approximately 4.8 percent between

1968 and 1975, tl,f propor_tional use of libraries for access to cited

articles is decreasing while the proportional use of publishers is increasing.

These trends are somewhat surprising, given current concerns about

the health of journal publishing and assumptions that individual users are

able to easily obtain journal article information directly from libraries.

We are unable to d:aw more concrete conclusions bJsed on the limited set

of questions in the author survey; neither was it possible to determine the

possible effects of recall bias on responses.

314
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Table 6.5 RELATIVE USE OF SOURCES OF ACCESS TO CITED ARTICLES,

BY YEAR OF CITING ARTICLE

(Jhousands of Articles Cited, Three-Year Moving Averages)

4 Soiree of

Librsty

r6111ther

Collesquei

Office

kittm

1

Yeor of 011N_Artic1e

1168 1049 1970 1 1971 1972 197) 1974 1973

Articles Z Articles % Ankles t Ardcks Artleles Anklet; J Articles Z Articles 7.

723.8 31 691.0 34 791,9 56 811.3 56 L66.1 56 732,6 45 711,4 45 731.2 45

158.8 13 261.1 19 279.9 20 278.0 19 246.8 15 316,1 24 455.2 26 526.7 30

141.1 11 122.5 10 103.8 7 107.5 167.9 11 206.6 13 202.1 11 156.5 9

209,4 17 218.t1 250.1 17 257.6 18 319.1 20 316.7 19 3234 11 211,5 16

SVCE: Authnr Survey, Msrket
Pacts, 1nc Center for Cuantitntive Sciences.
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Figure 6.8 RELATIVE USE OF SOURCES OF ACCESS TO CITED ARTICLES BY YEAR OF

CITIEG ARTICLE IN PERCENTAGES: 1968-1975
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Given these considerations, the following conclnsions are drawn:

L. The library continues :o he the mo,t important source

of access for noe-self-citation articles cited hy
authors of scientific and technical articles.

2. Cited authors arc more important sources of access
than are the citing author's colleagues or office
collections, ahen no differentiation is made on the
basis of article form.

3. The importance of publishers as a source of access
is on the rise, both proportionally and in absolute

terms.

4. Proportional use of libraries as a source of access
has declined since 1968, though this decline may be
levelling off.

Another access factor identified hy the Author Survey was the use

of subscription versus non-subscription forms of access. A user might ob-

tain a subcription issue from a variety of sources; from a colleague who

subscribes, from a library which is a subscriber to the journal, or from

his or her own suhscription. A non-subscription source would be anything

else: a reprint, a preprint, a photocopy obtained from a colleague, etc.

Table 6.6 and Figure 6.0 show the trends in the use of suhscription versus

non-subscription sources. It appears that since 1968 the use of sub-

scriptions for obtaining access to cited articles has risen nearly propor-

tional to the rise in the total number of articles cited. At the same time,

the access via non-subscription forms (reprints, preprints, etc.) has re-

mained fairly constaat, with only a slight rise since 1968. Unless these

trends are based on a recall bias of respondents, it appears that the for-

mal and informal exchonge of reprints and preprints is decreasing in im-

portance relative to the use of subscription sources._

Figure 6.10, "Relative Use of Subscript4.on and Non-Subscription

Forms, hy Field of Science", shows some variation among the di`ferent fields

of science. Because of the variation in the numher of respondents to the

Author Survey among the nine fields of science, these figures should be

viewed with some care, hut we feel that the generol picture is indicative

of the relative importance of these access forms. In ;Ill fields, sub-

scriptions are more important thsn non-subscription Fo: Also, in all

3 9 1
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Table 6.6 TRENDS IN THE USE OF SUBSCRIPTION AND NON-SUBSCRIPTION

SOURCES: 1968-1975

(Thousands of Articles Cited, Three-Year Moving Averages)

Fern of

Access 1968 1969 1970

Icor of Citing Article

1971 1972 1973 1974 1975

Subccrintion

W
6.1 scr'n Nri 155.8 229.5 260.1 256.2 236.6 304.5 453.6 524,3

.1.1,..

'ron 1.!1riry

iron Colleague/

I 723.6 660.1 736.2 748.3 026.4 716.6 711.8 771,1

nrfIce COlection . 11.4 21.6 22.9 34.0 44.4 58.0 62.1 56.4

1iubto:al

ac

890.8 911.8 1,019.2 1,040.5 1,107.4 1,159.3 1,217.5 1,353.a

leprints 293.7 195.0 268.5 240,0 268.7 268.0 285.7 251.7

other l'onns 85.6 109.5 174.4 182.3 239.1 220.4 711.1 1613

Svbtotni 379.3 394.5 442.9 422.3 507.8 488.4 502.8 413.5

SOCRCE: Author Suevey, !locket Facts, Inc., Center for Quantitative Sciences.
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Figure 6,9 TRENDS TN THE USE OP SUBSCRIPTION AND NON-SUBSCRIPTION SOURCES:

1968-1975
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cases 0.xcept one (environmental science) library subscriptions are more

important than non-subscriptions.

A final consideration oE access sources concerns the types of sub-

scriptions. It has been shown above that library subscriptions are consis-

tently one of the most (if not the most) important forms of access for a user

obtaining access to a cited article. Figure 6.11, "Trends Among Uses of

Various Types of Subscriptions" shows how libraries relate to other sub-

stription sources. It appears that, while the library is the most important

source for use of subscriptions, it has declined proportionally to user

subscriptions, especially since 1972. Again, this is a somewhat surprising

finding. We would normally speculate 'at, as individual subscription

prices rise, users would turn to institutional subscriptions. ?erhaps authors

of scientific and technical articles are not typical of all users of scientific

and technical literature. Or perhaps this finding may be due to the different

ages of cited articles obtained from various subscription sources (e.g., see

Table 8.10, "Most Frequently Employed Channels for Identification and Access").

More researc:1 and analysis is necessary to support or reject these hypothe-

ses.

Given these above considerations concerning the form of cited

artirles obtained by citing authors, we suggest the following conclusions:

1. Not surprisingly, subscriptions are consistently the
most important methods for obtaining access to cited
articles when compared with non-subscription forms
of access.

Relative use of subscripti.n vs. non-subscription forms
of access differ among filds of science.

3. Authors' (user's) oun subscriptions appear to be gaining
in importance relative to library subscriptions for ob-
taining access to cited articles.

6.4 Identification and Access in Libraries

We have seen that libraries play an important role in the provision

of journal articles and, similarly, they serve as a major. source of other

types of materials. Libraries assist in the identification and access

322
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Figure 6.11 TRENDS AMONG USES OF VARIOUS TYPES OF SUBSCRIPTIONS: 1968-1975
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function by providing for in-house use of materials, circulation, inter-library

loan, and reference services. Data on most of these activities are generally

available only for im_liv-Idual libraries.

6.4.1 Circulation and In-Library Use

Circulation includes those materials checked out of libraries fur use

elseWhere. In general, periodicals and other materials do not circulate so that

circulation statistics reprcsent mostly book use. At the MIT Scieace Library

(76), it was found that the mean circulations per year for each cileulatable

volume was 1.10. If this relationship holds constant over time and for all

academic libraries, the volume of S&T circulation can be estimated. For example,

if half the items in academic libraries (Table 4.5) are circulatable S&T books,

total annual circulation volume would go from 104 million in 1960 to 250 million

in 1974, an increase of 140 percent. This is equivalent to an average annual

increase c'e 6.5 percent.

An index of public library circulation is compiled by the Library

Research Center of the Graduate School of Library Science (53) of the University

of Illinois for a sample of American public libraries. The 1960-1974 increase

for this index has been 25 percent, an ave,:age annual increase of 1.6 percent.

Scientific and technical circulation of public library books is assumed to be

a small part of total S&T library circulation.

Circulation figures were compiled in the 1972 Survey of Federal

Libraries (81). Science ead technical libraries accounted for about 12.5

million circulations in 1972.

In-house use of materials is thought to be related to circulation.

Morse (76), again at the M.I.T. Science Library, found that for each item cir-

culated about four books and seven periodicals arc consulted in the library.

4 0
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6.4.2 Interlibrary Loan

Interlibrary loan is the process by which library material is made

available by one library to another for the use of an individual patron.

All types of materials, including periodicals (or photo copies of periodical

articles) are loaned. 1972 estimates of interlibrary loan volume, as shown

in Table 6.7, total about 6.7 million requests with about 63 percent of these

actually filled (i.e., successfully handled) by the lending library. From

these figures, we estimate the volume of scientific and technical requests

in these libraries to be about 2.6 million with a fill rate of 71 percent.

Table 6.7: ESTIMATED VOLUME OF INTERLIBRARY LENDP4
IN 1972 FOR ALL TYPES OF LIBRARIES

Loan Requests Fill Rate Total

Type of Library Received (7.) Loans Filled

Academic 1,850,000 68 1,258,000

Public 2,235,000 52 1,165,000

Special 387,000 81 314,000

Regional Medical . 600,000 79 474,000

Federal 1,098,000 67 735,000

State 500,000 50 250,000

Total, All
Libraries 6,670,000 63 4,196,000

SOURCE: Palmour, Vernon E. et.al., Resources and Biblio.graphic Support for

a Nationwide Library Program, 1974.

Palmour, Vernon E. et.al., Access to Periodical Resources: A National Plan

(NSF GN-35571), February 1974.

The characteristics, costs, and magnitude of interlibrary loan

(ILL) in academic libraries have also boon investigated. Palmour's estimates

of the total number of ILL r2quests made, with projections to 1980, are

shown in Table 6.8. About 48 perLent of the requests analyzed were for

525
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Table 6.8 TOTAL ACADEMIC INTERLIBRARY LOAN REQUESTS: 1966-1980

Year

(Thousands)

1966 . .

1967 . .

1968 . .

1969 . .

1970 . .

1971 . .

1972 . .

1973 . .

1974 . .

1975 . .

1976 - .

1977 . .

1978 . .

1979 . .

1980 . .

Total
Academic

ILL Re uests

1039

1191

1488

1750

2122

2217

1790

2238

2393

2549

2705

2860

3016

3172

3327

SOURCE: Palmour, Vernon E., Access to
Periodical Resources: A National
Plan, Association of Research
Libraries, 1974.
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periodicals, and about 60 percent for scientific and technical materiaIa.

Cost figures derived from a 3ample of twelve libraries showed an average

borrowing cost of $7.61 per request and average loan processing costs of

$2.12 for unfilled requests and $4.67 for filled requests, or a total cost'

of $13.43 per completed request.

An important factor in the increase of interlibrary loans has been

the formation of library networks or consortia, formalizing traditional

cooperation among libraries. The Directory of Academic Library Consortia

compiled in 1971, identified 124 academic library networks, 80 percent of

which listed expanded interlibrary loan service among their activities. More

recently, the Indiana study (48) identified the number of consortia to which

sampled academic, public and special libraries belonged. Results indicated

an average of 1.5 to 2.3 consortia for academic libraries (in four strata),

1.1 to 1.6 consortia for public libraries (three strata) and 1.8 to 2.4 con-

sortia for special libraries (two strata).

Of particular importance are the networks which involve libraries

from more than one state. Based on the entries in the Directory, nearly

80 percent of the multistate networks had been founded since 1966. The

literature suggests that this trend is increasing, particularly with the

emphasis currently placed on networking by the National Commission on Libraries

and Information Science and other library agencies. As involvements in

consortia increase, so does access to materials via interlibrary loan.

6.5 Identification and Access Costs

Identification and access costs are made up of library service costs,

the cost of time spent by scientists in identifying and accessing materials,

bibliographic data base search costs and photocopying costs. Estimates of

these figures are shown in Table 6.9.

Lihrary service costs were taken from Table 4.15 and represent all

services provided, including circulation, in-library use, interlibrary loan,

and reference. To identify the scientists' costs, we assume (arbitrarily)

407
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Table 6.9 IDE:NICATIOX AND ACCESS COSTS

(Millions of Dollars)

1.1!)ory

Sal:Ce

Yr.1; I U.4.8

11,ta 11i

Senrch Costs

SdeotIst3

Gots

Photocopying

Co:Au

Taal

Coma CoqqaptA

141
17 - 377 31 445 507

jr 42 440 31 513 577

'C 1 471).). .
477 31 555 617

190 52 - 520 15 607 060

. . 53 , 555 35 648 700

64 610 38 718 762

72 601 39 792 817

11 757 43 863 881

19C,1 96 10 829 46 983 945

Ill 12 925 47 1,094 1,003

PI 16 1,018 52 1,207

11)71 . 140 20 OA 53 1,311 1,091

192 , 152 M 1,165 59 1,402 1,128

1973 164 35 1,291 65 1,555 1,185

104 . , 176 46 1,429 45 1,715 1,1'135

1975 195 71 1,580 71 1,917 1,213

196 . . 205 95 1,748 75 2,123 1,259

1977 . . 219 128 1,924 81 2,352 1,306

1918 . 232 174 2,0)9 85 2,590 1,345

1979 . 243 240 2,291 89 2,863 1,398

lr'80 .
256 337 2,481 96 3,165 1,452

A

GNP implicit price deflator (1975-1980 NPA) used tu ()loin 1967 Caostant Dollars,

80U8CE: K.Irket Facts, Inc., Center for Quantitative Sciences.
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that a scientist spends, on the average, one hnur per week locating materials .

Costs are then computed similarly to the calculation of assimilation costs

(see Section 7).

In addition to scientists' time, another element of search costs

is for the use of machinereadable bibliographic data bases. These costs

were derived as shown in Table 6.10. The number of searches is taken from

estimates shown in Figure 6.5, with an annual growth rate of 33 percent after

1975. A cost of $100 per search, or $20 million for 200,000 searches was

assumed for 1971. Then, based on a cost model drveloped by Westat (66), the

$20 million were divided into $9.6 million ($48 per search), plus $7.8

million fixed computer costs and $2.6 million other f. xed costs. If the

number of organizations searching data bases remains c .stant, so should the

fixed costs. Per search and other fixed costs were adjusted by professional,

administrative, and clerical pay levels, and computer costs were assumed to

remain at $7.8 million. Total costs for each year we-re then computed as per

search costs times the number of searches plus fixed computer and other costs.

Photocopying costs calculated were restricted to copies made of

journal articles, in both libraries and offices. The procedure used to esti

mate photocopy costs was as follows (See Table 6.11). The number of photo

copies made of cited articles has increased very slightly from 1967 to 1974

as determined in the Author Survey. The trend line over this period of time

is given in Figure 6.12. This trend line is used to estimate the number of

photocopies prior to 1967 and after 1974. The line is as follows:

Y = 636 + 9.48 X

where: Y is the estimated number of photocopies (in thousands) and
X is the year (0 = 1967, 1 = 1968, . . . )

To convert to the total number of photocopies, we assume that the number of

photocopies is about 50 times the number of cited articles which are photo

copied. The number of pages photocopied is found by multiplying the number

Estimates in the literature range from "a:small portion" of 2 hours per
week to 3.3 hours per week.

329
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Table 6.10 DATA WSE SE:XCH COS1S: 1968-1980

Yonr

No. of Data
Base Searchcc
(non3and0

Comp_pirrv!,!

Per
Divect

Scroh Cont

Fixed Co,,t.s

Other
Total Cost

of 0

Cost
Per

3enrch
Covphter

1968 10 0.4 7. 2.2 10.4 1,040

1969 50 2.1 7.8 2.3 12.2 244

1970 120 5.4 7.8 2.4 15.6 130

1971 200 9.6 7.8 2.6 20.0 100

1972 300 15.3 7.8 2.8 25.9 86

1973 450 24.3 7.8 2.9 35.0 78

1974 610 34.8 7.8 3.1 75

1975 1,000 60.0 7.8 3.2 71.0 7.1

1976 1,333 84.0 7.8 3.4 95.2 71

1977 1,769 116.8 7.8 3.5 128.1 72

1978 2,353 162.4 7.8 3.7 173.9 74

1979 . . 3,129 228.4 7.8 3.9 240.1 77

1980 . 4,162 320.5 7.8 4.1 332.4 80

Current dollars.

SOURCE: Mnrket Facts, Inc., Cent:or for Quc,ntit,nAve
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Table 6.11 ESTIMATED NUMBER OF PHOTOCOPIES, NUMBER OF PAGES PER COPY,

AVERAGE COST PER PACE AND TOTAL COST: 1962-19g0

1

i

1

!

Year

196'1 .

1963 .

1964 . .

1965

19';6 ,

Ito

vi

. .

1970 . .

1911 ...

1912 . . .

3913 .

1014

1915 . .

1916 . .

1977 .

19/0 .

1979 . .

1930

412

Number of

Photocopies

QIIllir.ln)

Number of

Pages/Copy

Total Nombor of

Photocopy raw

(Millions)

Average

Cost/

Pap

(car111...D

AvCeornaie

Page

(Count:Intl)*

Total

Cur-It

$(1)11riinotns)

iotal

Constant

9 Cont*

(N11111111

29.5 7.6 224.2 0.14 0.16 31.4 35.9

10.0 7,7 231.0 0,15 0.16 34.6 37.0

30,4 7.7 214,1 0.15 0.16 35,1 37.5

10,9 7.7 237.9 0,16 0.17 33.1 40.4

11.1 7.7 241.0 0,16 0.17 39.6 41.0

32,6 7.7 251,0 0,17 0.17 42.7 42.7

32,7 7.3 255.1 0,18 0.17 45,9 43.4

30.8 11.0 24,4 0,19 0.11 46,8 41.9

32,4 8.1 262.4 u.20 0.17 52.5 44.6

34,5 8.0 276.0 0.21 0.17 59.0 46.9

34,0 7.7 260.0 0.22 0.10 59.0 49,2

35.6 7.6 270.6 0.24 0.18 65.0 43.7

34,2 7.6 259.9 0.25 0.17 65.0 44,2

35,5 7.7 213.4 0.26 0.16 71.1 43.7

35,9 7.7 276.4 0.27 0,16 74.6 44.2

36,4 7.7 280.3 0.29 0.16 81.3 44.8

36.9 7.7 284.1 0.30 0.16 05.2 45,5

37.3 7.1 287.2 0,31 0.15 89.0 43.1

37,3 7.7 291,1 0.33 0.15 96.1 43.7

cinp tp1tcIt priq deflator (1975-1980 NPA) used to obtain 1967 Constant Dollars.

FARCE: Herket Facts, Ito., Center for Quantitative Sciences.
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Figure 6.12 NUMBER OF PHOTOCOPIES MADE OF CITED ARTICLES AS A FUNCTION OF TIME
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of photocopies made times the average number of pages per manuscript found

in the journal tracking survey for each year (1962 to 1974). The cost is

estimated to be $0.25 per page and is adjusted by secretarial wage levels.

4 1k)
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SECTION 7

ASSIMILATION AND USE OF INFORMATION

7.1 Introduction

The final stage in the information transfer process, Assimilation

by User, is one of the most intangible. This is the stage at which infor-

mation (as opposed to documents) may be transferred. That is, a document

may b2 studied and its contents assimilated by a user. At this point the

user, having identified and obtained access to the document, is informed;

i.e., the state of knowledge of the user on the subject matter of the docu-

ment is altered. This "new" information may be used to generate new ideas

and research, it might be forgotten, or it might simply affect the user's

future behavior in some subtle, difficult to detect manner.

An understanding of the role information plays in research is im-

portant to an understanding of the context in which scientific and technical

information is assimilated. It seems important, therefore, that the study

of information transfer should take research stage into account. Egan and

Henkle (47) writing in 1956, outlined eight stages in the research process

and identified the types of information source that might be most useful at

each stage. The stages identified vere:

1. Perception of the problem;

2. Definition of the problem;

3. Formulation of the hypothesis;

4. Choice of method of investigation;

5. Choice of techniques to be used in gathering and
analyzing evidence;

6. Search for evidence or data;

7. Conclusions concerning original hypothesis;

8. Discussion of consequences.

417
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Garvey and Griffith (50) considered the research stage in their

study of psychologists in an academic department and a government laboratory.

They found that in the first phase of a research project psychologists ob-

tained ideas and defined problem areas in two ways, through the literature

and in conversations with colleagues, occasionally supplementing one approach

with the other. The psychologists appeared to regard information-gathering

more important in the last two stages of their.projects and *considered infor-

mation most valuable in the final stage when they were trying to interpret

data. They were anxious in this stage to consult someone who could under-

stand their results. In general they maintained contacts with colleagues

throughout the research process althoegh some withdrew in the second stage

to work alone.

Allen ( 2) investigated scientists and engineers on research and

development teams and found that the proportion of total time spent in three

modes of information-gathering (literature search, consultation with techni-

cal staff, and consultation with external sources) varied over the duration

of projects. Information-gathering reached its maximum early in the project,

declined in the middle phase, and increased slightly in the final stage. For

scientists, written channels predominated throughout, challenged by verbal

channels only in the second stage. Literature was an effective means of

generating ideas and helped determine the manner in which the ideas would be

assessed. Scientists went most of the time devoted to literature search

actually reading rather than searching for materials. Engineers also had a

surge of information-gathering a'tivity early in the projects. For them

written channels were still secondary to verbal channels. Written channels

were strongest, however, in the early phase, declining continuously in the

last two phases. There were two periods of heavy use of oral channels: one

peaking early in the project in which contacts were usually established with

internal sources, the second fn the final third of the proiect in which both

internal and external sources were contacted.

We are dealing in this presentation primarily with formal scientific

communication. Both formal and informal forms of scientific communication

have their respective costs, benefits, and sociological implications at each

stage of the research cycle, according to Garvey and Griffith (50). Scientific

4 1 8
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journals, as part of this formal system and being, for the large part

"quality controlled", perform functions not only of communication but also

respond to the developing and shaping of scientific disciplines. Also,

being formal channels, they function in a quasi-free market economy in which

it is assumed that journal quality and worth are indicated by subscriber

willingness to pay.

Garvey, Tomita, and Woolf (52) are among the researchers who have

put the use of scientific information into the context of the performance of

research. They examined how information use changes over successive stages

of research projects. When sources of obtained information were investigated

over all stages of research, local collea.gues, students, and journals were

the most important sources. When formal and informal sources were examined

for the types of information needs which they satisfied best, they seemed

to complement each other perfectly:

Journals are most useful in providing information needed to
place a scientist's work in proper context with similar
work already completed and to integrate his findings into
current scientific knowledge local colleagues and stu-
dents are superior providers of information needed to se-
lect a design for data collection, to design equipment or
apparatus or to choose data-gathering technique.

In reality, a high proportion of documents has low demand, while

a small proportion has high demand, according to King and Palmour (69).

This was pointed out in the American Psychological Association studies (4).

Few user studies, unfortunately, measure demand and actual readership of

documents, although studies such as those described by MacKenzie and

Buckland use library circulation data on specific iks as an aid in the

determination of loan policies (72).

Actual data on trends in this Assimilation stage is difficult to

come by, especially ds an input to the development of scientific information

indicators. Studies such as those dealing with scientific innovation and

"critico' :ncidents" do not generally generate longitudinal data of the type

requir, ior this report. Therefore. it is necessary to turn to citation

analysis studies, which provide a second-order record of the volume of in-

formation assimilated. 4 1 9
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7.2 Citation Analysis

Citation analysis has been used in a number of ways to describe

science and scientific communication. One of the most significant uses has

been to describe trends in the development of scientific disciplines and sub-

disciplines, as in the work of Price (121). Price has shown how the study

of article production and citation,'. can help identify core areas, or "research

fronts", which, when studied over time, give an indication of the relative

influence and importance of authors and disciplines.

Price and Gursey (127) have also shown that the population of source

authors and cited authors can be subdivided into groups of "transient" and

It continuing" authors. Only a certain percent of authors are cited at least

once, and an even smaller percent are cited continually. Both percents seem

related to author productivity, i.e., those authors who are continually cited

have a higher likelihood of being continuous publishers. However, in Little

Science Big Science, Price (121) warns against using "numbers of papers pub-

lished" as an absolute measure of author performance. Individual journal and

article quality must also be taken into account.

Cole and Cole (34) studied physicists and their status based on

number and pattern of their citations in the Science Cttation Index and found

that sheer volume of publishing has little relation to building a reputation;

having "a few solid papers" need not be a strike against one.

In the field of chemistry, Small (137) focused on the relationship

between citation rates and subject orientation, reviewer rating, author

affiliation, and NSF fundiag. He concluded that the specific field of chemis-

try followed the general scientific trend in that a core of books and articles

was the focus of concentrated interest. Small does, however, point out that

many cited items are Ader items, and that scientists do not necessarily con-

sult a book or report each time it is cited. This is evidence that raw ciea-

tion data would not be a perfectly accurate indicator of the time spent by

scientists in "assimilating" the literature.

3ush, Hamelman, and Stanf (30) used citations to papers appearing

in specific economirs journals from other journals in the same discipline.

337 ,
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Garfield of the Institute of Scientific Information (49) discusses the use

of citations to individual journals (unweighted, and weighted by the number

of published papers to produce an "Impact factor") to evaluate journals.

Houghton (61) describes their use as an aid to journal selection by librari-

ans. In recent years, citation figures have drawn increased attention as

a quantit,ltivo input to the evaluation of both individual scientists' and

research programs' output, as reported by Wade (149).

Another significant use of citation data, particularly important

as an indicator of the "health" of scientific communication and research,

is the comparison of U.S. and non-U.S. journal citation patterns. Narin

and Carpenter (78), working with a data base drawn from Science Citation

Index have examlned trends in the utilization of scientific journals through

an analysis of cross-citation between journals and disciplines in different

countries. Using as an indicator the ratio of percent of citations to per-

cent of publications, it was found that the United States is generally the

most highly cited country with the United Kingdom next. The U.S. scored

particularly high in the fields of physics, chemistry, and molecular biology,

while in three areas the U.S. did not score as the most highly cited; syste-

matic biology, psychology, and engineering.

Output from the Computer Horizons' (78) study is displayed in Table 7.1

and Figure 7.1; the latter selectively plots citation-to-publication ratios

for the United States, United Kingdom, and USSR.

We should note that the process for defining Field of Sci.ence is

different for the particular results, so that a direct comparison between

Computer Horizons' and Market Facts' data is not possible by field. It should

be obvious, however, that significant differences do exist between various

disciplines.

Also, the report points out that the relatively low ratios for the

Soviet Union may not he due to the relative quality of soviet scientific

literature, hut to a possible lark of availability of soviet literature out-

side that country,
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Table 7.1. CITATIO;',--TO--;"..:1; riEf.D OF
196-.P172

Tear

196: 1.09 1.33 :.:.7 0.79 0.73 0.21 0.79

1967 2.39 1.= 1.,5 o.:s 0.21 1.14 0.f.:1

1967 1.08 1.39 1.)5 0.67 1.22 1.73 3.77

1971 1.10 1.04 C. 1.73 0.69 0.91 0.69

1972 0.98 1.92 1.:' 0.!-0 0.99 0.15

33'1.-(71) .,

1969 1.16 1.23 -1 0.50 0.66 0.73 0.33

1967 1.24 1.29 c.:3 0.46 0.75 0.63 0.37

1969 1.26 1.25 C.:. 0.52 0.76 0.61 0.95

1971 1.20 1.23 1.15 0.57 0.76 0.6 0.81

1971 1.39 1.23 3.60 0.55 0.37. 0.71, 0.26

22±SASSEX_3.:.'_1.7164...1.2=711

1969 1.31. 1.21 3.98 0.79 0.23 0.70 0.50

1967 1.35 1.28 1.22 0.56 0.41 0.66 0.30

1964 1.2.6 1.16 1.32 0.56 0.53 1.62 0.81

1971 1.31 1.31 1.09 0.53 0.66 0.61 0.77

1972 1.51 1.07 1.45 0.62 0.14* 3.13 0.75

1965 1.29 1.19 1.61 0.35 0.75 0.72 0.76

1.27 1.07 0.61 1.45 0.35 0.68 0.17

1.28 1.17 3.62 0.3: 0.47 0.68 3.79

1971 1.29 1.17 0.62 0.29 0..37 1.70 3.77

1972 1.12 1.12 0.7? 0.35 0.46 0.64 0.76

kth.F'1.:::..1.1:::i2!;-10_

1965 3.39 1.49 1.37 0.79 0.93 0.32

1967 0.96 1.56 1.27 0.87 3.90 0.23

1969 0.97 1.65 1.21 0.68 1.35 0.28

1971 0.14 1.75 1.13 143 0.94 0.81

1971 1.01 1.86 1.11 3.90 0.96 0.73

LIZSL2272......M.1

1965 1.02 0.94 0.90

199: 1.02 1.13 0.86

1969 1.06 0.91 0.02

1921 1.04 0.92 0.76

1911 1.1i 0.94 - - 0.74

1965 1.1: 1.33 0.14 0.62 0.51 2.94 0.81

1967 1.19 1.05 0.97 3.60 0.51 0.e9 0.86

1969 1.20 1.10 0.'7 1.69 0.54 0.48 0.89'

1971 1.26 1.12 6.21 0.93 1.11. 1.70 0.73

1972 1.34 1.13 0.t1 1.11 0.21. 0.91 3.76

:t,, l'1, 1 ;e6:616: of 5.113:61,A6.

' e "art
:7: 1. P. `T1

, . a., i -Cy
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The above Computer Horizons' results referred to frequency of

citation; the same study also showed a levelling-off during 1971-1972 of

the number of U.S. publications, accompanied by a somewhat complementary

rise in the numbers of publications attributable to smaller countries.

The Computer Horizons' study goes on to investigate the relation-

ship between the previously discussed citation-to-publication ratio and

individual country's publication volume for 1972 publications. In this

analysis of a quality indicator, citations between different fields of

science were eliminated, and the citation-to-publication measure of different

countries was "standardized" by dividing by the ratio of country x's share of

publications in the discipline under study. Results of this analysis of

1972 data

H ...reveals that U.S. publications are cited far more frequently

by scientists throughout the world than those of any country,

even after allowance is made for the larger quantity of U.S.

publications" (78)

Table 7.2, "U.S. Standing as Indicated by Citation to Publication Measure",

displays these results. Further studies will investigate the relationship

between publishing volume and frequency of citation.

Meadows (74) discusses the consequences of using averages to describe

citation characteristics, which should be kept in mind when using average

citation figures as a meacure of the useage of scientific and technical litera-

ture. First, the number of references which authors cite in their articles

may vary considerably over time, changing with the subject field and with the

journal sample under consideration. Second, the number of referenLes which

an author makes to other articles in his or her own articn depends a great

deal upon the age of the cited item, with recent literature being much more

frequently used than older literature. This also may differ with the

authorship of the cited literature. An author's own or co-worker's journal

articles may he cited when they are newer simply because they contain directly

relevant research information. This point will be discussed when data on

article transfer channels is presented.
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Table 7.2 U.S. STANDING AS INDICATED BY
CITATION TO PUBLICATION MEASURE*

Citing
Country

U.S.

U.K.

W. Germany

France

USSR

Japan

World

Non-U.S.

Cited and Citing Field

Math Phys Chem M.Bio Med S.Bio

1.34 1.49 1.53 1.87 1.53 1.61 1.38 1.09

1.08 1.00 1.40 1.47 1.31 1.03 .74 .86

1.10 .89 1.24 1.20 1.21 1.02 .79 .93

.88 1.16 1.23 1.33 1.27 1.19 .78 1.03

.64 .38 .66 .83 1.06 1.00 .56 .62

1.08 1.18 1.43 1.46 1.31 1.45 .86 1.02

1.24 1.20 1.32 1.47 1.41 1.34 1.12 1.06

1.11 .96 1.22 1.31 1.30 1.13 .88 .95

Based on incomplete data for 1972 publications supplied by Institute for

Scientific Information to Computer Horizons.

SOURCE: Computer Horizons, Inc., Further Development of Indicators of the
Quantity and_Quality of the Scientific Literature (NSF-C627, Amend-

ment #4), February 1974.

4 2 5
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We found ia the journal tracking survey that the total number of

items cited pe' .le has been fairly constant since 1962, while articles

as a porporti'l of it is has increased slightly, as shown in Table 7.1:

Table 1.3: ESTIMATED NUMBER OF ITEMS CITED
PER ARTICLE: 1962-1974

(All Fields of Science Combined)1

Year

Total Number of Number of % of Items

Items Cited Per Articles Cited Cited Per Article,

Article Per Article Which are Articles

1962 . .

1964 . .

1966 . .

1968 . .

1970 . .

1972 . .

1974 . .

16.4 9.1 55

14.9 8.7 58

15.9 9.6 60

14.5 8.4 58

15.3 10.3 67

15.9 10.5 66

16.5 10.9 66

Items" includes journal articles plus books, monographs, disserations,

conference proceedings, etc.

SOURCE: Journal Tracking Survey, Market Facts, Inc., Center for Quantitative

Sciences.

"Items" includes anything which an author may reference in an article: books,

articles, technical reports, films, computer programs, cases, laws, statutes,

pAmphlets, etc. These estimates are based on observations of more than 3,000

individual articles.

Journal articles cited per article may be thought of as a measure

of the use of the periodical literature, espetally when compared with how

many'sother items per article are cited. In the table shown above, it appears

that the relative use of journal articles (cited as references in the pub-

lished literature) has increased slightly since 1962, when all fields are

considered together. Table 7.4 displays the number of all items and articles

:2
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Table 7.4 ESTIMATED NUM)ER OF ITEMS CITED PER ARTICLE,

BY FIELD OF SCIENCE: 1962-1074''

td.)

Hold of

Scleoce 1962 1964 1966 1968 1910 1912 1974

Phyitcal

FH,ncos

1,t1'em,tics

Ceroutor

r.ctencrn

reomontal

110c1v...tlog

1.!1c Sciences

rrychology

relences

Otior

;1clenccs

All

Pleldi

Tool Item

Artlolel

(7,) ArtIclos

Total Itcms

Articlon

(2) Articles

Ton! hong

AtlIrlo3

(2) Articles

Ites

Art irro,

Artirlos

10.,01 It

tot 11.

(%)

Totfil Item

Art11.1.1

(/,) Articles

11,0o;

12) Articles

Total 1,ris

Artlelen

(Z) Articles

Total items

Articlei

(1) Artlelrs

Total Items

Articles

(2) Articles

10.1

7.9

78.0

i

1

13.1

9.3

' 68.0

7.5

9.6

49.0

11,4

m
4,1

7.9

61,0

15.5

ILA

75.0

11.5

7,7

67.0

18.2

"1.1

16.0

10.5

6.2

60,0

16,4

9,1

55.0

8.2

6.1

74.0

6.4

5.6

64.0

7.5

2.9

38.0

24.1

10.1

71.0

6.7

4.11

15.1

11.3

TM

10.8

5.1

57.0

3M
6,6

13.0

)2.0

8.4

0.0

14.9

5.7

58,0

15.6

12.6

81.1)

8.0

4.8

60.0

10.2

6.2

61.0

14.7

16,9

74.0

9.9

63.0

13.4

11.0

32.0

12.6

8,2

65,0

40.12

4.9

12.0

19.1

13.4

70.0

15.9

9.6

60.0

13.5

10.1

75.0

7,8

5.0

66.0

1.6

3.5

48.0

13.9

r.1

64.0

8.7

5.2

60.0

13.2

10,4

79.0

16.11

8.9

WA

32.2

4.0

13.0

9.8

6.4

65.P

14.5

3.6

58.0

16,5

11.1

17,0

8.8

3.6

66.0

6.9

3.5

51.0

22,2

;4.2

71,1

12.1

/.5

62.(1

15.0

12.0

MP

14.7

10.2

69.0

21.7

W1

2f1.11

11.1

6.1

55.0

15.3

10.1

67.0

13.5

In.()

74.0

7.5

4.7

61.0

8.7

3.9

45.0

12.8

10.2

6.2

61.0

15.1

11.0

66.0

15.2

9.1

61.0

35.1
1.1

25.0

14.9

7.9

53.0

15.9

10.5

66.0

IR.7

17.9

9.5

4,0

61.0

J.;

4,4

4'1,0

17k,;

77,i)

0.6

76.0

1402

51.:5

11.7

6.2

CLO

7,1

16.1

19.3

(1..t)

16.1

10,9

65.0

....
%ten!'" includes Jo6rnal.articles plus books, monographs, dissertations, conference proceedings, etc.

S09906: Journ41 TrArking Survey, Market Facts, Inc., Center for Quantitative Sciences.
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cited per article by field. Also given in this table is the percent of

items cited per article which are journal articles. For most fields, the

percentage of journal articles among all citations is in the range 60 to

80 percent, with Physical Sciences, Life Sciences, and, to a lesser extent,

Environmental Sciences on the high end, and Computer Sciences and Social

Sciences on the low end. Social Sciences is low because of the influence

of a number of law journals in the sample, in which the ratio of journal

articles to total numbers of laws, statutes, and cases is especially low.

We would also expect Social Sciences to be low in this regard due to the

importance of books and monographs relative, say, to the natural sciences.

Meadows (74) suggests an average of twelve to fifteen references

for each published article. Our estimates are slightly'higher when all

fields of science are combined, ranging from 14.5 to 16.5 for the period

1962 through 1974. Our data for individual fields of science also demon-

strate field differences for the number of total items and articles cited

per article.

The actual significance of the variations in types and numbers of

items cited per article across time and across fields of science is difficult

to determine. We have assumed that it shows generally that journal article

authors in some fields make heavier use of the journal literature than

authors in other fields. What this signifies about substantive differences

in the role played by scientific and technical journals in different fields

we cannot say.

The number of technical reports cited per article was also counted

in the journal tracking survey, but the results of this analysis showed that

the average number of technical reports cited per journal article is usually

less than 1.0 for most combinations of field of science and year. We had

hoped to detect a change in the percentage of items which are technical

reports, possibly correlating this with NTIS sales, but the data are in-

conclusive. It appears that there are still barriers to acknowledgement

of technical reports to the "open" journal literature. A better indicator

of assimilation of information contained in technical.reports may be the

citation of technical reports by other technical reports.
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7.3 The Cost of Assimilation of Scientific and Technical Literature

There is not a great deal of data on the cost of reading (or

assimilating) scientific and technical literature. The special appendices

to the SATCOM (59) report which were prepared by Conyers Herring reported

several studies that provide some evidence concerning these costs in the

early 1960's; we did not identify any further information. However, chances

are that the amount of time spent by scientists reading joOrnal articles

or books has not changed too much. What has changed is their labor costs.

The SATCOM gives a good summary of what is probably the best source

of information, the study prepared by Case Institute of Technology in 1960 (33).

In this study, the operations researchers measured the proportion of time

spent by physical scientists in scientific and technical information communi-

cations activities. This measure was established by use of a random alarm

mechanism (RAM) which rang at random times during the day at which time

scientists recorded the activity in which they were engaged. They found,

from a sample of 297, that chemists working for research departments read

journals on an average of 3.3 percent of the time while others read an

average of 1.4 percent of the time. The corresponding proportion of time for

a sample of 404 physicists was 2.7 percent and 1.0 percent respectively. The

average for all physical scientists would be about 2.0 percent of their time

spent reading journal articles.

Overall, the average time spent reading journal articles wa$ 2.0

hours per week. An earlier study (33) had estimated 2.7 hours per week for

chemists. The American Chemical Society reported that industrial chemists

spent 5.8 hours per week using primary journals and 2.7 hours per week using.

books. We will assume from this that scientists spend about one-half the

amount of time reading books as they do reading journals. If one assumes

that the average time reading journals is in proportion to the production of

journal articles, we can make gross estimates of the costs incurred annually

in reading journal articles. Thus, physical scientists would read journal

articles on an average of 41.6 hours per year. They, in turn, produced an

average of 0.043 articles per scientist in 1962 whereas the scientific and

engineering communities as a whole produced 0.086 articles per scientist in

473 0

346



www.manaraa.com

that year. Thus, we assume that overall the average annual time devoted

to reading journals is 83.2 hours. It is further assumed that this number

remains reasonably constant over the years.

The estimate of the amount of time reading books is one-half that

of journal articles, based on the study mentioned above. Thus, we will

assume that scientists and engineers spend an average of 41.6 hours per year

reading scientific and technical books. As a very gross estimate of the

amount of time spent reading scientific and technical reports, we will assume

that every copy ordered from NTIS and GPO is read for two hours on the

average. Any total generated from this number is likely to be highly con-

servative since there are many more reports than those distributed by these

agencies, and copies distributed are likely to have multiple readings.

Even though these estimates are based on old data obtained in a

limited field, we feel that the overall order of magnitude of costs is not

out of line. The funds expended in reading scientific and technical litera-

ture are substantial and, like the expenditure in writing articles, should

be considered when studying the overall journal system.

If one assumes 41.6 hours per year reading journals, in 1974 there

would have been an acumulated total of 110 U.S. scientist-hours spent, on

the average, reading each U.S.-published article. (This number assumes tha!

all articles are read the year published. Of course many articles read in

1974 were old articles and many articles published in 1974 will be read in

the future.) Similarly, if one assumes 20.8 hours per year rezi(Ung books

in 1974, there would have been an accumulated total of ahout 2;400 scientist

hours spent for each hook copy distributed. These figures do not seem un-

reasonable. Technical reports are assumed to be read two hours for each

copy distributed.

The total costs for literature assimilation derived from these

gross estimates aro given in Table 7.5. Since the costs reflect both an in-

crease in salaries (above the GNP implicit price deflator) And an increase

in number of scientists, the current dollar costs have increased 307 percent

from 1960 to 1975 and should increase 59 percent from 1975 to 1980. Even

in constant dollars this increaso is 126 percent from 1960 to 1975. Thus,
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TaLle 7.5 ESTIViTO TOT!,L COST flL ASSJ!.:TIA'liO:f or

JOtn;:.AL, AND kr,P0;:"L' LITITCRE: 1960-19iO

(Millions of Dulinn-;)

. . . _
Ten- Ban 1c3 n:11 f:

1960

--

327 654 981

1961 352 705 1,057

1962 382 763 1,145

1963 416 832 1,248

1964 444 887 1,331

1965 493 986 1,479

1966 545 1,090 31 1,665

1967 606 1,212 50 1,868

1958 663 1,325 2,026

1969 740 1,480 58 .,278

1970 814 1,628 70 2,512

1971 875 1,750 84 2,709

1972 932 1,863 125 2,920

1973 1,013 2,066 159

1974 1,143 2,285 156 3,534

MOJECTIONS

1975 1,264 2,528 205 3,997

1976 1,398 2,796 235 4,430

1977 1,540 3,079 273 4,892

1978 1,679 3,358 106 5,343

1979 1,833 3,666 345 5.844

1980 1,985 3,970 384 6.339

1960-65 50 51 51

1965-70 65 65 70

1970-75 55 55 193 59

1975-3::1 57 57 87 59

SOURCE: Mark(.r Fazte., Inc., C.Intcr for 0,21vtic.fl......: Sc1,nces.
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the impact of the magnitude of likely costs in this activity and the enor-

mous increase in costs over time may have real implications on the future

of journal systems and should not be ignored in planning or systems design.

4 J 3

349



www.manaraa.com

SECTION 8

TOTAL COST OF COMMUNICATING SCIENTIFIC
AND TECHNICAL INFORMATION

8.1 Introduction

In this section we present estimates of the total cost of communi-

cating scientific and technical information, the relative use of the various

journal article transfer channels, the median age of cited articles, and esti-

mates of the cost effectiveness of individual article transfer channels in terms

of cost per use.

We have seen that there are six functions involved in the transfer of

information from originator to user, and that each function has certain costs

associated with it. We have also seen that there are several forms used in the

formal transfer of scientific and technical information, chief among them being

articles and books.

Table 8.1 shows the 1960-1980 trends in total cost of communication

of information, subdivided by books, journals, technical reports and other media.

The cost for each was calculated by determining the composition, recording, re-

production, and other costs associated with each. The highest costs are associated

with journals which account for 63 and 66 percent of total communication costs

in 1960 and 1980 respectively. It is pointed out that the estimated cost of

producing scientific and technical journals is based on extrapolating costs of

scholarly journals to the number of scientific and technical journals published

in the United States that were reported by the British Library Lending Division.

Scientific and technical books, on the other hand, account for a range of 28

percent to 23 percent during the 1960-1980 period. The increasing percentage

of total costs accounted for by journals is a result not only of increasing

numbers of journals and articles, but also the increasing costs associated with

producing and distributing them.

Figure 8.1 shows the estimated and projected 1960-1980 trends in costs

associated with journals and books, accompanied by constant 1967 dollar values

estimated using the GNP deflator and our projection of that deflator. For both

current and constant dollar values, the journal costs are increasing much faster

than book costs.
350
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Table 8.1 ESTIMATED TOTAL COSTS OF COMMUNICATING
SCIENTIFIC AND TECHNICAL INFORMATION,

BY MEDIUM: 1960-1980

(Millions of Dollars)

Year Books Journals Reports
Other

Literature Total

1960 571 1,277 22 141 2,013

1961 631 1,461 26 111 2,264

1962 688 1,616 28 157 2,490

1963 752 1,788 32 165 2,737

1964 817 1,897 34 177 2,925

1965 901 2,105 57 214 3,279

1966 1,004 2,384 105 219 3,712

1967 1,116 2,724 135 235 4,212

1968 1,235 3,042 133 264 4,673

1969 1,376 3,410 175 306 5,267

1970 1,519 3,789 205 334 5,846

1971 1,660 4,145 239 360 6,402

1972 1,777 4,491 305 365 6,939

1973 1,953 5,034 364 400 7,751

1974 2,144 5,559 388 433 8,525,

PROJECTIONS

1975 2,352 6,114 471 494 9,431

1976 2,570 6,852 539 543 10,504

1977 2,807 7,572 619 597 11,595

1978 3,039 8,304 693 648 12,684

1979 3,288 9,108 781 707 13,889

1980 3,538 9,943 877 770 15428

PERCENT CHANGE

1960-65 58 72 159 52 63

1965-70 69 80 260 56 78

1970-75 55 72 130 48 61

1975-80 50 67 86 56 60

SOURCE: Market Facts, Inc.,.Cencer for Quantitative Sciences.
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Table 8.2 and Figure 8.2 show the estimated 1960-1980 total costs of

communicating scientific and technical information, subdivided by function. The

function accounting for the largest portion of total costs is assimilation, with

49 percent and 42 percent of the total in 1960 and 1980 respectively. Composition

and recording ranks second over the latter years of the 1960-1980 period, and

accounts for a range of 17 percent in 1960 to 23 percent in 1980. The identifica-

tion and access function also represents sic:!nif:cant costs, somewhat more than

20 percent of the total throughout the period.

These three major functions -- assimilation, composition and recording,

and identification and access -- are made up primarily of scientists' labor costs.

Significantly, these labor costs are rising faster than the funds expended on

research and development. In current dollars, assimilation, composition and re-

cording, and identification and access costs are projected to rise 59, 73 and 65

percent respectively while total R&D funding is expected to rise only 41 percent.

These factors point to a need for reducing costs associated with the scientists'

preparation and use of the literature.

As a further breakdown, the costs of communicating scientific and tech-

nical information can be shown by function for each of the four media types.

This is done in Tnbles 8.3, 8.4, 8.5 and 8.6. Significant differences can tie

observed between the various media; in particular, overall growth is greatest

ir the technical report literature, with journa/s also showing substantial in-

creases in costs based on the volume of activity. Throughout, the functions of

composition and recording, identification and access, and assimilation account

the majority of the costs, with publication and distribution also playing

an important role, especially for journals.

8.2 Relative Use of Journal Article Transfer Channels

As we mentioned previously, there are a variety of ways in which a

user might obtain a journal article (or a copy of an article). Section 6.3

described physical access, which is one of the simplest ways of describing the

path an article takes from an author to a user. Consider the following flow

model where A = Author, P = Journal Publisher, L = Library, C = Colleague or

office collection, and U = User:
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0,01,1h.a OihopLalon

.
i
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1,221 616 121 188 1,207 2,512 5,1)46
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.c1016
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1,555 1,1A :66 429 3,165 6,338 15,120

rriCENT (IKE

1; iun 71 74 61 52 01
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71 44 31 40 65 59 60
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Figure 8.2 TOTAL STI COMMUNICATION RESOURCE EXPENDITURES BY MEDIUM IN CONSTANT
DOLLARS: 1960-1980
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Table 8,3 ESTIMATED COSTS OF COMMUNICATION SCIENTIFIC AND TECHNICAL

INFORMATION IN BOOKS, BY FUNCTION: 1960-1980

(Millions of Dollars)

Compoettion

Tear & Recording

Reproduction

& Distribution

Acquinition

& StornAe

Organization

& Control

Identification

& Accesa Aesimilntion Tani

1960 . 14 66 23 23 117 328 571

1961 21 70 26 26 136 352 631

1962 26 74 29 29 148 382 688

1963 33 77 32 32 16't 416 752

1964 40 86 36 36 175 444 817

1965 43 91 40 40 194 493 901

1966 'A 104 45 45 215 545 1,004

1967 41 118 51 51 241 606 1,116

1968 54 121 61 61 268 663 1,235

1961 58 143 68 68 299 740 1,376

1910 74 151 75
75 330 814 1,519

1911 ne.,
166 87 87 360 875 1,660

1972 . 92 HO 94 94 385 932 1,717

19/3 102 190 102 102 424 1,033 1,953

1914 117 700 109 109 466 1,143 2,144

./1,..
PROJECTIONS

1915 124 206 121 121 516 1,264 2,352

1976 138 216 127 127 564 1,398 2,570

1977 152 226 136 136 617 1,540 2,807

1978 . 166 237 164 144 669 1,679 3,039

1979 182 247 151 151 724 1,833 3,788

1980 199 257 159 159 779 1,985 3,538

IP. ow.ri.PMA
PERCENT CHANGE

196(1-65 . , 207 38 74 74 66 50 51

1965.70 72 66 Bil 88 70 65 (1'

1910-75 , 6 65 36 61 61 56 55 55

1975-110 . 50 25 31 31 51 57 50

1970-75 66 36 61 61 56 55 55

1915-80 . . 60 25 31 31 51 .57 50

SOURCE: Market Facts, Inc., Center for Quantitative Sciences.

442



www.manaraa.com

Year

1460

1461

1462

1963

1964

1965

1966

1967

1968

1969

1170

1971

1972

1973

1974

Table 8,4 ESTIMATED COSTS OF COMMUNICATING SCIENTIFIC AND TECHNICAL

INFORMATION IN JOURNALS, BY FUNCTION: 1960-1980

(Millions of Dollars)

Composition Reproduction Acquisition

& Recording & Dintribution & Storage

204 88 13

263 113 15

269 172 17

316 189 19

319 208 21

351 221 23

452 250 26

559 294 30

636 342 35

701 400 40

194 460 44

890 512 50

989 574 55

1,143 651 59

1,264 720 63

1975

1916

471

1978

1979

1980

PROJECTIONS

1,400 741 70

1,655 .805 74

1,855 813 19

2,061 944 84

2,285 1,019 87

2,512 1,097 92

1960-65

1967-70

1910-75

1975-80

PERCENT CHANCE

75 158 77

122 84 91

76 61 59

79 48 31

SOURCE: Narket Facts, Inc,Cpterrfor quantitatiye.Sciencen,_,....

413

Orgnnitation Identification

& Control & Access Assimilation Total.

29 289 654 1,277

14 332 104 1,461

37 358 763 1,616

40 392 832 1,788

45 417 887 1,897

51 461 986 2,105

58 508 1,090 2,384

64 565 1,212 2,724

76 628 1,325 3,042

86 697 1,480 3,410

94 369 1,628 3,189

109 814 1,750 4,145

120 890 1,863 4,491

126 989 2,066 5,034

136 1,091 2,285 5,559

,

'. 454

166

179

194

' 206

222

1,221

1,356

1,507

1,663

1,845

2,050

2,528 6,114

2,796
6.052

3,079 7,572

3,358 8,304

3,666 9408

3,910 9,943

76 60 51 72

84 67 65 80

64 59 55 61

44 68 57 63

444



www.manaraa.com

Year

1960 .

1961 .

1952

1963

1964

1965

1966

1967

1968

1969

1970

1971

19/2

1973

1974

Table 8.5 ESTIMATED COST OF COMMUNICATION SCIENTIFIC AND TECHNICAL

INFORMATION IN TECHNICAL REPORTS, BY FUNCTION: 19604980

(millions of Dollars)

Compodtin Reproduction Acninition Orgadutin Identificntion
6 Recording 6 Dintribution h Storage & Control 6 Accent' Assisilation Total

,1

-
1

19 2

31 2

36 4

38 4

53 5

65 5

78 6

95 8

107 12

125
12

Nn

Ign

1977

nn

1979

DM

145

168

192

216

243

271

13

16

19

20

22

25

1960-65 .

1965-70 , ,

1970-75 .

1975-80 . .

- -

242 100

123 160

87 92

.

.

-

.

-

3

4

4

4

5

5

19

22

24

27

28

31

.

-

-

-

.

-

- 6 35 31

- 6 39 50

1 8 44
38

1 9 49 58

1 10 54 70

1 11 59 84

2 12 63 125

2 13 71 159

2 14 79 156

PROJECTIONS

2 16 90 205

2 17 101 235

2 19 114 273

2 70 129 306

2 22 147 345

3 25 169 384

PERCENT CHANGE

67 63

100 74

100 60 67 193

50 56 88 81

22

26

28

32

34

57

105

135

133

175

205

239

305

364

388

471

539

619

693

781

877

159

260

130

86

SOURCE: Market Facts, Inc., Center for quantitative Sciences,
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Table 3.6 ESTIMATED COST OF COMMUNICATING SCIENTIFIC AND TECHNICAL

INFORMATION IN OTHER LITERATURE, BY FUNCTION: 1960-1980

(Millions of Dollars)

Year

1960

1961 .

1962

1963

1964

1965

1966

1967

1968

1969

1910

19/1

1912

1973

19/4

Composition Acquisition Organization Identification

6 Reeordin 6 Stora e 6 Control 6 Access Total

119 - 3 19 141

118 - 3 22 143

129 - 4 24 157

134 . 4 27 165

144,, - 5 28 177

178 - 5 31 214

178 - 6 35 219

190 - 6 39 235

211 1 a 44 264

247 1 9 49 306

269 1 10 54 334

289 1 11 59 360

288 2 12 63 365

318 2 13 67 400

338 2 14 79 433

1975

1076

19,

1980

.=11
PROJECTIONS

386 2 16 90 494

423 2 ir 101 543

462 2 19 114 597

497 2 20 129 648

536 2 22 14 707

573 3 25 770

1960-65 . .

1965-70 . . .

1970-75 . . .

1975-80 .

50

51

43

48

100

SO

PERCENT CHANCE

67 63 52

100 74 56

60 67 48

56 88 56

SOURCE: Market Facto, Inc., Center tor quantitative Sciences.
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Figure 8.3 JOURNAL FLOW MODEL

In actuality, each of the channels one through nine represents a group of alterna-

tive paths leading up to use and assimilation of information contained in the

journal literature. Table 8.7 describes and lists participants in these physical

access channels. Each potential channels described varies accordiag to frequency

of use. This was verified by the Author 'urvey, which focused on the direct

channels one through four.

It is possible to further subdivide the channels by method of identi-

fication. In other words, once a potential user identifies an article, there are

then a variety of channels available for obtaining a copy of that article. It is

reasonable to suppose, also, that there exists a relationship between how a user

obtains an article and how the user identified the article. Theoretically, it

should be possible to develop rough estimates of the costs associated with these

various channels.

Consider the following methods of identification by which a user finds

out about an article:

Table 8.8 METHODS OF IDENTIFICATION OF JOURNAL LITERATURE

1. Discovered while reading own subscription

2. Discovered while reading library subscription
3. Discovered while reading colleague's or office subscription
4. Received preprint from author
5. Obtained preprint from colleague
6. Received reprint from author
7. Received reprint from colleague or co-worker
8. Referred to article by colleague or co-worker
9. Referred to in another article, book or report

10. Found in search of printed indexes
11. Found in output of computeri7.ed literature search
12. Found in c rrent awareness or SDI list

360

449



www.manaraa.com

Table 8.7 PHYSICAL ACCESS CHANNELS FOR JOURNAL LITERATURE

Path Participants Alternative Descriptions

1

2

3

Author and User

Publisher and User

Library and User

(a)

(b)

(a)

(b)

(a)

User obtains reprint from author

User obtains preprint'from author

User subscribes to journal

User obtains reprint from publisher

User reads library subscription issue

(b) User reads ibrary microform edition

4 Colleague and User (a) User obtains reprint from colleague or
office collection

(b) User obtains preprint from colleague or
office collection

(c) User reads colledgue or office
subscription issue

5 Author and Publisher Publisher accepts manuscript for
publication

6 Publisher and Library (a) Library subscribes to journal

(b) Library purchases microform from
publisher

7 Library and Colleague (a) Colleague obtains library subscription
issue

(b) Colleague obtains library microform
edition

8 Publisher and (a) Colleague or office subscribes to journal

Colleague
(b) Colleague obtains repYint from

?ublisher

9 Author and Colleague (,) ;Jlleague obtains reprint from author

(b) Preprint from author

4 50
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Potentially, each of these identification techniques might be com-

bined with each of the direct paths previously described, to result in 108

potential direct channels to the user. In actuality, some of these channels

might be immediately rejected as infeasible, since, for example, identification

methods one through seven may occur simultaneously with physical access. Note

that 108 refers to the number of direct channels to the user; information flow

to the colleague may also be described in the same manner. This results in a

more complicated model, however, which is not described here.

With data from our Author Survey, we estimated: (1) which channels

are actually employed by users in obtaining identification and access to the

articles which they cite, and (2) the frequency with which these channels are

used. Note that the description is limited to channels where articles are

actually used; that is, in which the final node, the user, is reached. Use is

restricted to citation use. Also, data is combined across different years

with the assumption made that major shifts from channel to channel are not

occurring.

Table 8.9 gives the frequency (in percent) for those channels which

were identified by respondents to the Author Survey. Rows one through fourteen

describe the methods of identification, and columns one through fourteen des-

cribe methods of physical access.

In Table 8.10 the most frequently employed individual channels are

ranked. These channels account for 64 percent of article accesses. In other

words, for articles which authors cite of which they are not co-authors, 64 per-

cent are obtained via one of these seven top-ranked channels. Forty and eight

tenths percent of these identified articles are obtained through a library's

own copy of a journal. Alse, this ta17." :7;ain emphasizes the importance of

individual subscriptionE to scientist-. : identification of and access to

articles which they cite, with this channel as the second most frequently used.

It is clear that the channels have ts'idely different levels of cost

associated with them. Another way ol comparing the varous channels is mean

channel lengtn, as shown on the tight side of Table 5.10. MeLm channel length

was calculated by subtracting ytr of cited article from year of citing article

and computing an average. Nt-, surprisingly, channels which involve the library
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Table 8. 3

RELATIVE FREQUENCY OF

IDENTIFICATION AND ACCESS

CHANNELS

1, Discovered reading own copy

2. Discovered reading library copy

3. Discovered reading colleague's

or office copy

4, Received preprint from author

LA)

5, Obtained preprint from colleague

6. ,Received reprint from author

7. Received reprint from colleague

8, Referred by colleague

9. Referred by other article, book,

report

10. 172-1 in search of printed indexes

11. Computerized literature search

12, Current awareness or SDI list

13. Don't remember

14, Other or No Reeponfte

15, Total percent

1

15,0

I

' _

I .1

- -

i

-

r

0.9

/ -------/

16.0

- 6.8 - - 0,7 - - 1.0 - - - 8,5

- - 1.0

0.1

0.1 '0,1

ria 15._

0.6

5 .1 0,1

0.3 .1.0

7

_Lb

WI

O. 0,1 1.2 4.0

1,9 7.7 0.4 0,5 0.1 2.1 1.2 0.2 0.2 0.7 " 0,1

1.2 .2.5 1.2 0.8 ".. 0,2 1.7 0.4 ' 0.9 1.0 0.4 0.1 30.5

0.2 8.1 0.5 0,2 1.1 .1 Li

id.

J4,6

2,1

0,6 0.3

- 0. .2 0.1 0.1

0.3 1.3 0.1 0.2 ili..

0.6 0.1

20.1 A7.6 2.0 2.5 0.6 9,3 5.5 5.8 1,3 2,1 1.1 1.1 !El 120J

SOURCE: Market Facts, Center for Quantitative Sciences,
Author Survey.

Key: - No response received in this category

N Less than 0.1 percent of total
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Table 8.10 YOST FREQUENTLY EMPLOYED CHANNELS FOR IDENTIFICATION ANI ACCESS

e.an Path

Rank Frequency Identification Source of Access Form of kcces3 L,n;th

() (Years)

1. 20.0 Referred to in other .Library Library copy of 13.0

article, book or report journal

2. 13.8 Discovered while reading Publisher User's own copy 4,6

own copy of journal in of the journal

which article appeared

3. 7.5 Found in a search of Library Library copy of 16.8

printed indexes or catalogs journal

during the course of a

w
o litf:,rature search

4. 7.1 L,rr or! to article by a Library Librv cooy or )2.6

or co-worker journdi

5. 6.2 Discovered while reading Library Library copy of 12.5

iibrary copy joarar.1

6. 4.9 Received a preprint Author Preprint 4 .1 1

from athor

7 4.5 Received reprint from Colleague Reprint 8.0

co)lcago or co-worker

64.0

SOURCE; Author Survey, Market Facts, Inc., Center for Quantitative Sciences.
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have the longest mean channel length, while those involving the user's own

subscription or reprints or preprints have the shortest.

8.3 Median Age of Scholarly Journal Articles Used

In the Journal Tracking Survey the published data of the original

article and a cited article were both noted. From this we observed the age of

cited articles up to twenty years. The data were also broken out by the source

used to obtain the article including individual (i.e., user or colleague sub-

scription), library, and other (i.e., reprints, preprints and so on). The data

are presented in Table 8.11 by the cumulative proportion of article citations

by age of cited articles. The median age for the journal citations is often

referred to as the "half-life" of the literature since one-half of the citation

uses occur before and one-half after that time. The half-life is as follows:

for all articles, about 10.5 years; articles obtained through individual sub-

scriptions, 3.7 years; art 2les accessed through libraries, about 11.8 years;

and articles found by othe means such as reprints, about 7.2 years. (Note

that these median values are slightly lower than the mean path length values

displayed in Table 8.10, evidence of a skewed distribution). The results are

as one might expect. The age of copies obtained through one's own subscription

(or that of a colleague) is about one-half of the age of copies obtained through

libraries. Obviously, older articles are less likely to be held by an individual

because the individual is too young to have subscribed to an old :ssue of a

journal, or because files are just not maintained for long periods by most

individuals.

By comparison, Houghton (61) refers to the half-life observed for

references made in articles published in leading journals in several fields

during the years 1953 to 1954. These figures are displayed in Table 8.12

8.4 Cost Effectiveness of Journal Channels

We have attempted to gain some insight into the cost-effectiveness of

the journal channels mentioned above. As shown, we have been able to identify

in some detail the activities which ,,A-e performed in the use of each channel,

as well as the corresponding volume of each activity. Combining this with

associated costs, we have derived a figure.of cost per use for each of the major

channels. This figure is a reflection, then, of the total costs which go into

365
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Tablc clt!"LATIVE P"Mr0M-I011 OF flafC1j1 MATIONS LY ACE

OF 1.W.1 1.81 AND J0URI:AL TRACUNC SURVEY

--
A.!,,c in

Yc.-,1-!-.... _ ____.

Tot;11

1SII
1 ._._ .._.. _ _ . . .. _ ..

Jot!_ . . _ _ ro
.

Totol

2
\f ry

dihcr

0.11 0.175 0.025 0.052

9 0.171 0.301 .054 0.118

3 0.33 0.221 0.425 0.097 0.175

4 0.41 0.265 0.521 0.149 0.262

5 0.48 0.30S 0.610 0.202 0.324

6 0.55 0.342 0.671 0.247 0.409

7 0.60 0.375 0.726 0.292 0.482

8 0.65 0.414 0.771 0.332 0.556

9 0.69 0.820 0.383 0.59]

10 0.72 0.48,= 0.846 0.431 0.610

1] 0.75 0.519 0.880 0.483 0.638

12 0.78 0.55') 0.904 0.523 0.667

13 0.80 0.585 0.935 0.562 0.688

14 0.6)6 0.969 0.591 0.709

15 0.6V! 0.969 0.622 0.742

16 0.66T! 0.973 0.649 0.768

17 0.689 0.976 0.687 0.790

18 0.709 0.976 0.718 0.804

19 0.730 0.979 0.760 0.816

20 0.750 0.979 C.800 0.820

SOUNC1'.: 1

inst. t roc:- 7.1. ion, 1"7.!1afif.:1;,1,5a, Th2rnsy1varia.

2

Jolwoal ;1--..1..et Facts, Inc., Ccoter for QuanLiLative

4 57
366



www.manaraa.com

Table 8.12 :1) HAI r-T.rIT: %/Al yrs oF 1 HE .101;ZNAL

LITENATUI;;.: I 1) ND1VJ DUAL Di SCII'Ll.i.JES

(Yenrs)

Field
. . . _

Chemical Engincring

Mechanical Engiueerin!,

Metallurgical Engineering

Mathematics

Physics

Chemistry

Geology

Physiology

Botany

4.8

5.2

3.9

10.5

4.6

8.1

11.8

7.2

10.0

SOURCE: Houghton, Ecsrnard, Scientific Thoir.Hisorical
Development, Characteristics, and Oc:ntrol, 1975.
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the maintenance of a particular channel and the related volume of information

use which occurs.

Gross estimates of figures for the cost per use are as follows:

Individual subscription $6.80

Individual subscription (via colleac;ue) $9.00

Library subscription $6.50

Reprint $3.10

Reprint (via colleague) $5.00

The average cost overall is about S5.95 per use.

The difference in costs are remarkably small in view of the total

cost components which are included in each channel. Individual subscription

costs are, of course, primarily direct and limited, whereas much more sub-

stantial figures go into the maintenance of a library journal system. This

is balanced, in the cost per use figures, by the considerable use made of

libraries.

The estimates above are based on cost estimates related to five

channels and six sub-functions associated with these functions. These esti-

mates are as follows:

Table 8.13 COST ESTIMATES OF COMMUNICATION BY FIVE CHANNELS AND SIX
SUB-FUNCTIONS: 1974

Channels

Individual Colleague Library Reprints to Reprints to

Sub-Function Subscription Subscription Subscription Individual Colleague

Reproduction
and
Distribution $5.56 $5.56 $2.48 $0.92 $0.92

Acquisition 1.27 1.27 0.31 0 0.09

Storage 1.27 1.27 0.33 0.09 0.09

Maintenance 0 0 2.26 0 0

Circulation 0 0 0.32 0 0

Accession 0 1.90 0.76 2.12 4.02

Total $6.83 $"7.00 $6.46 $3.13 $5.03

SOURCE: Market Facts, Inc., Center for Quantitative Sciences.
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The procedure used to arrive at these average costs as described in Table

8.13 are described below.

From previous data, it has been shown that the number of scholarly

journal articles published in 1974 was estimated to be 150,572 (Table 3.41).

We assume that there are 690 readings per article (4) and that 24.8 percent

(Table 8.9) of these go through the individual subscription channels (includ-

ing colleague subscriptions). Thus, there are an estimated 25.8 million uses

by this means. The total cost of individual subscriptions includes an esti-

mated 7,144,000 subscriptions to individuals (Table 3.25) at a price of $20.08

(Table 3.26) which yields about $143.5 million estimated total cost. Thus,

the estimated average cost to individual subscribers of reproduction and dis-

tribution is $5.56.

The cost of library subscriptions is computed in a similar manner.

Here, about 4.57 million total library subscriptions for scholarly journals

(Table 3.21) are estimated at $29.57 each (rable 3.21) for a total cost of

about $135 million. About 52.4 percent (Table 8.9) of 690 readings of the

150,572 estimated articles occur in libraries. Thus, total usage in libraries

is estimated to be 54.4 million and average cost of reproduction and distribu-

tion is $2.48. Reproduction and distribution cost for reprints is estimated

from the cost tidel to be $0.036/page (Table 3.44). Since the average number

of pages publis'oed per article is estimated to be 7.6, the total cost per re-

print is $.274 plus $.13 for mailing to authors. This cost is divided by .51,

since that is the proportion estimated to be sent to authors and not requested

(Tables 3.28, 3.29). To the result ($.79), $.13 is added for mailing the re-

quest which yields a total cost of $.92 per use for reprint reproduction and

distribution.

Acquisition, storage and maintenance costs in libraries are found

by dividing $16.7 million (Table 4.11), $17.8 million (Table 4.13) and $123

million (Table 4.12) by 54.4 million library uses. The storage costs for

individual subscriptions are found by assuming office rental at 12 journals

per square foot at $5.50 or $0.46 per journal title. It is further assumed

that the average life of a journal is ten years (slightly less than the

average age of a citation) which yields an a.verage total cost of about $4.60

per journal. This number is multiplied_by 7.144 million individual
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subscriptions and divided by 25.9 million uses to yield $1.27 per use. The

estimated cost of storing reprints incurred by users is 1/77th of the $1.27

since there are 77 articles per journal. Authors incur about twice this cost

since they order two reprints for each one requested. The average between

the two comes to about $0.09 per use. The average circulation cost in

libraries is $0.32 (153).

Accession costs are based on the cost of photocopying. The photo-

copying cost for individuals is $0.25 !limes the number of pages per article

(7.6). For colleague's subscriptions we assume that all copies are photo-

copies, thus the average cost is $.55. Reprints require typing and mailing

of requests, look-up at the office of the author and so on that is estimated

to take about one-half hour of secretarial time. This makes the cost 0.5 times

$3.98 (Table 3.46) plus $.13 postage, plus $1.90 for photocopy if the copy

comes from a colleague's reprint.

Tt should be emphasized that these costs reflect current patterns

of provision and use of journals associated only with the citation of articles.

Thus, we have assumed that the distribution of all article uses is similar

to that of uses Eor citation. Further, in the total system each individual

channel plays an important, and perhaps a unique, role. Any changes, for

example, elimination of or even decreased volume through a given channel,

would affect the total system. Thus, the total implications of any modification

must be considered before action is taken: and conclusions drawn Erom the

above data must be made with great caution.
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1.1 Introduction

The Journal Tracking Survey measured such characteristics as sub-

scription price, volume of pages, printed characters per page, articles, and

issues contain& in a sample of journals in nine fields of science over the

time period 196 1974. The author survey utilized a sample of articles

drawn from Jourr is selected in the Journa: iracking Survey. Authors of

these sampled articles were contacted to obtain information concerning publi-

cation costs, source of references, and access to references. Sampling for

both surveys was closely related, and is described in a single section, 1.2.

Then two sur- -s are described separately in 1.3 and 1.4.

1.2 Sampling

Sampling for the two related surveys was accompli,hed in several

stages. In the _st stage of sampling, journal titles in each of nine fields

of science for the years 1972 and 1974 were selected. A second stage of

sampling consisted of selecting three is.sues from all issues published by the

selected journals during the year of interest. Subsequently three articles

were chosen from each selected issue. From articles chosen a reference cita-

tion was selected from among all citations used by the author.

1.2.1 Selection of Sample -ournals

In the primary stage of sampling, journal titles representative of

each of nine fields of science were selected for each of L-he years 196:7 and

1974. The nine fields of schnce, as ifiiried by the ::ational Science Foundation,

were:

I. Physical Sciences (Astronomy, Chemistry, Physics, Other
Physical Sciences)

Mathematics

Computer Sciencc and Engihoering

IV. Environmental Sciences (Atmospheric Scionces, C.,o1r;ical
Sciences, Biological Oceanogi-aphy, Physical and ChLImical
Oceanography, Ecology, Other Envirocental Sciences)

V. Engineering (Aeronan. -cal, Astronautical, Chemical, Civil,
Electrical, Mechanical, Metallurgy and Materials, Other
Engineering)

Vi. Life Sciences (Biological, Clinical Medical, Other Medical,
Other Life, Sciences)
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Aft. snmplim:, each journ:!! title wo:; a,ued to one of tLe:A, thrue

h.me,1 ou 01: i;!; "hehn.:inr" htwc-n 1962 nnd 197'1. Ob-

erve.l ww:H th(n veiglitcd accold10, Lo the netunl numher of

journ, Lno.:11 lo ill a p;!rlicula:: !.4treinm, end year.

Two nucesory, one repre5enting the nine fields

of sci(n;-le iii lq2, the other represeting Lhe nine fields of seit.nce in 1974

The Sc;t:ece Cit.;:tion Tilde% 16'2 .J0iir1)Ll publihed by the Insti-

Lute For Se;:iLir-ic iniTinLioi, wLs used ;Is a basis for sampling 1967 jonrnals.

Non-U.S. jou:-n.:1;; ;Ind knoun translation journals were e::cluded from this list.

prior Le sampliPg; 93 U.S. j ouri1 S remaineu following these eclusions. Be-

cause equal sc,mpl.e sies were dosirerl, journal title:4 were grouped

into tho nine NSF fields of science prior to sampling. This subject classifi-

cation ws ba:-;cd on the 1962 subject eategoriation used by Science Citation

Index, and reolted in some overlap among the NSF fields.

This overlapping was not removed prior to sampling. Due to the Ilulti-

disciplry nAture of maey scientific and engineering journals, it was felt

that. a potential occurrence in more than one field was justified, although this

mennt that each sample would not be truly statistically independent. (Ev,....n

thou,sh potenti.ltlly everlappin samples may give a truer image of the multi-

disciplinary nc?ture of journal publishing, they result in some error when survey

findings are vk_lighted up to estimate valuer. for all U. S. journals. Statistical

tecdin;ques ate crvailable for correcting Clis error, but they were not used due

to tlir simll amount of overl,,,p which actually occurred in sampling.

gratoful to Tnst-itute person:1A_ for supplying us with information on
the CoVurflt of the annual source lists;.

Nin Jru,n::1 tItic.F; o'.:t of the 195 f'7mIally selected occucred in more than

one LITE lransriction on AtWio and Electro?:eoustics (1 and 5);

(l A.-;.:(ic.iation of Gifici:Al Analytical. Chemists (1 and 6); SIAN

Jorl oo ConLrol (2 and 1): TU1:E Tranctions cn Information Theory (2 and
of thv i%merL7n Soc fol Tnformation Seie.le.p. (3 and 7);

; 9); r,c010.1.;;c.:1 ::.,no;;raphs ;yid ()); hell sLJ1 i.-c.lnjcel
]riI (5 9); ,);1-: on 1' duc,-itio.1 (5, 8, and 9) .
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A separate list was used as a basis for sam: ng 1974 journals. This

list was developed by Bernard M. Fry and associates at Indiana University for

the NSF-sponsored "Study of the Economics and Interaction Between Publishers

and Libraries in the Production. Acquisition, and Lending of Journals". The

methodology for developing this list is described in Appendix IV. Three ex-

clusions were made from this list, prior o sampling: (1) Journals not in-

cluded in the nine NSF fields of science (e.g., Humanities, Fine Arts, etc.);

(2) Journals known to be translation journals; (3) Known foreign publications.

One thousand nine hundreo and fortv-five journals remained as a basis for 1974

sampling.

Initially, a sample of twenty journal titles was desired for each field

for a minimum sample size of 180. In actuality, each field was over-sampled

to insure that 1962-1974 issues for at least twenty journals would be located in

Washington, D. C. area libraries. In addition, within each field more titles

were selected from the 1974 list than from the 1962 list (approximate ratio:

13 to 7) to reflect the growth in the number of journals between 1962 and 1974.

Titles were sampled systematically from alphabetically arranged 1962 and

1974 lists. A sampling interval for each field and list was calculated by

dividing the sample universe size by the desired sample size, and a random nember

table was used to generate a random start. During the course of the study, two

journals (both in Field 8, Social Sciences) were replaced with journals randomly

selected from the 1974 list when it was found that neither could be located in

Washington, D. C. area libraries. The final sample titles for each field are

listed in Appendix II. Appendix III shows journal distribution among publishers.

1.2.2 Selection of Sample Issues

The second stage of sampling involved the selection of issues within

a particular publishing year for a given journal in a given field. Again, a

fixed sample size was used. Field workers, after counting the number of issues

published per year by the journal under observation, used a random number table

to select three issues for further observation. Workers were instructed to

cycle through the random number table in order not to choose the same journal

issues for each journal year.

per year" was defined ns regt_ilnrly published per year. Occasional

extra or memorial issues were not counted.

388

479



www.manaraa.com

1.2.3 Selection of Sample'Articles

Within each issue an article was selected for observation. Again a

random number table was used to select one article. Workers were reqpired to

select only from "research" articles, omitting letters to the editor, book re-

views, abstracts, biographical articles, brief notices of research in progress,

conference announcements, and the like.

1.2.4 Selection of Sample Cited Articles

A required input for the Author Survey was a sample of articlo authors,

coupled with one randomly selected article which they had cited. Therefore,

for each article sampled in the Journal Tracking Survey (the "citing article")

a randomly chosen journal article from the article's bibliography was chosen

(the "cited article"). Due to the particular requirements of file Author Survey

(the generation of data relating to the identification of and access to cited

ai.t'cles) the following criteria were developed for input to the Author Survey

miliAlg list:

1. The citing article must provide a sufficient U. S.
address for the first author;

2. The citing article must be published no earlier than 1968;

3. None of the authors of the cited article must match any of

the authors of the citing article.

During the course of the Journal Tracking Survey, it soon became

apparent that its randomly selected articles would not generate sufficient

numbers of articles to satisfy the above criteria. In order to develop the

desired list of 2,000 U. S. authors for the Author Survey, an additional data

collection effort was mounted, and nearly 2,000 extra author addresses and cita-

tions were collected from journals known to provide sufficient address data

during the time period under consideration, 1968-1975. The non-random nature

of the mailing list should be taken into account when reviewing the results of

this study. In all, 2,123 author survey questionnaires were mailed out, and

943 were returned in time for tabulation by hand and by computer. If the 64

received after the cut-off date are included, a (surpr.isingly high) response

rate of 48 percent was obtained.

389

480



www.manaraa.com

1.3 Journal TrackingL_Survey

1.3.1 Introduction

The rationale behind performing the tracking survey was that the exami-

nation of a specific set of journals over the time period 1962-1974 would generate

a longitudinal set of data large enough to provide a basis for estimating trends

associated with this most basic commodity of scientific communicatpn. Much of

the data dealing with the graphic characteristics of journals would form a basis

for estimating journal production costs. These costs would then be compared with

subscription price, circulation, and other factors for an economic analysis. The

volume of pages, articles, issues, and printed characters contained in these

journals provided a basis for comparing information generation over time and a-

mong the various fields of science. Examination of changes in subscription prices

would provide a basis for (!teillining past and future trends in the effects of

inflation. When combined the volume of data available from other sources,

a significant body of data .-)een provided for understanding the role of the

journal in scientific communication.

1.3.2 Design of Tracking Suryey Form

The tracking survey form was a compromise among several data collection

objectives:

1. It needed to serve as an input to other efforts
(specifically, cost model calculations, the Author
Survey, and the general indicators study)

2. It covered several levels of data (specifically, journal
issue, and article characteristics)

3. It had to be simple to facilitate training inexperienced
field workers for field sampling and tedious measurement
work.

4. It needed to generate input data which would require a
minimum of computer manipulation to generate useable
data in a format appropriate for further analysis.

4 C(.3
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A two-pa form was originally designed to time workers as an aid to

estimating how much time would be needed for data collection in the field.

This form was then revised to further reflect data requirements of the Author

Survey and the cost model calculations. The final revised tracking survey form

is shown in Appendix V reduced from the original 3-1/2" x 14" eight-page booklet.

The form consists of seven parts. At the top of the page, staff member name,

date form was completed, source library, and library call number were recorded

by the field workers. A unique form number was stamped on each tracking survey

form, prior to use. This was used as a record tag during keypunching and com-

puter analysis. Along the left side of the form is a ruler for measuring page

size.

Part I, Journal Identification, consists of identification data which

was carried through data collection and analysis. Three items in this section

were used both for identification and sorting purposes: journal code (field of

science and journal number) and year of journal being examined.

Part II, Subscription Information, identifies publisher, type of pub-

lisher, and distinguishes between subscription prices and membership prices.

Because of wide variations in the way journals record price data, question #17.,

Subscription Prices, distinguishes among six separate categories.

Part III, Journal Description, covers basic descriptive data assumed

to be constant over all issues published during a year, such as columns per

page, lines per page, and characters per line. In addition, the number of

articles per issue and pages of "notes" per issue were collected. The fel-mer

number was used as a basis for our estimate of the number of articles publihed

per year by the particular journal under consideration. The latter "pages.of

notes per issue" was designated to take into consideration such other inforna-

tion sources as brief communications, reports of work in progress, corrections,

and other "current awareness" sources. Questions 29c and 29d were included to

take into account the possible effect that use of bound library volumes wol,id

have on our estimate of advertising pages, since some binding processes remove

covers and internal advertising.

Part IV, Article and Issue Information is identical to Parts V and VI.

These pages ;:over data drawn from the sample of three articles and three issues
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which were sampled for each year a journal was observed between 1962 and 1974.

Question #35 asks 1,:,r the nlme of the first author listed. This was to be the

author contacted fc the author survey. Question #39 is the author's current

address as recorded in the journal, also for use in the author survey. Ques-

tions #40 43 dealt with grant and contract infornmtion, if this was supplied

with the article. Question #44, "Date Article Received by Journal" was recorded

when reported by the article. This was used in calculating publishing lags.

Questions I46c cowred number and pages of graphics in the sampled articles and

in the 1; article, non-advertising portions of the sampled issue. Questions

#50 and #51 refer to the reference/bibliography portion of the article; 1151

is the journal article which was chosen as the "cited article" used in the author

su:vey.

1.3.3 Tracking Survey Instructions and Training

To aid in data collection and training of field workers, an instruction

manual was prepared to accompany the tracking survey form. This manual included

the following:

Journal Identification. General instructions; explanation of
coding scheme for journal identific.tion; single-digit month
code; definition and description of volume and issue numbers.

Subscription Information. Difference between a publishing
organization and a sponsoring organization; definition of
publisher codea, with examples of each; abbreviations of
organizational names; description and examples of membership
and subscription prices; distinctions among various categories
of prices (individual, institutional, foreign); definitions
of single copy prices and reprint prices.

Journal Description. Definition of full page of text; method
of counting columns per page, lines per page, characters per
line, li'nes per inch; random number table and instructions for
sampling three issues for the year under consideration; defini-
tions of irticles and notes for counting purposes; description
of page si7e categories, paper types, joi;rnal formats, and
journal types.
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Article Information. General instructions and article sampling
instructions; definitions and examples of codes for authors'
institutional affiliations, with special discussion of hospitals;
definition of a "funding source"; counting rules for funding
sources; funding source codes; description and example of con-

tract and grant numbers; detailed coding categories for federal
agencies; rules for counting pages; definitions and/or actual
examples of graphis, i.e., line drawings, graphs, tables, black
and white half-tones and continuous tones, color photographs,
math or chemical formulas; counting rules for reference/bibliography
section, with examples of citations of journal articles and
technical reports; definition of advertisements; sampling instruc-
tions for cited journal article selection.

Each field worker received an instruction booklet, and spent two to

three days being "walked through" the instructions, using sample issues of

journals from our office collection. During the early stages of data collection,

numerous ambiguities and omissions were discovered in the instructions, and

these were revised. After in-office training, workers visited assigned libraries,

and were required to phone in progress reports every working day, during which

time completed form numbers were recorded and questions answered. Workers were

required to come into the off*-c once per week to drop off completed forms and

receive new assignments.

1.3.4 Data Collection

Because numerous subject fields were included in our journal samples,

several different libraries were used as source libraries. These libraries were

identified via local and national union catalogs. Toward the end of the survey,

when some hard-to-find journal titles had not been located, and when some not-on-

shelf journal volumes had still not been returned to the shelf, Washington area

companies and special libraries were contacted by telephone, and most missing

issues were located. The bulk of data collection was performed at three libraries:

University of Maryland (McKeldin Library and Engineering Library) and Library

of Congress. Journals were also located in the following libraries and offices:

National Library of Medicine, Bethesda, Maryland; American University,

Washington, D. C.; Computer Science Center, Chemistry Library, College of Library

and Information Services, and Undergraduate Library, University of Maryland;

Montgomery County Public Library, Day"; Branch, Bethesda, Maryland; U. S. Energy

Research and Development Administration, Washington, D. C.; Catholic University

L!.brary gzhool, Washington, D. C.; U. S. National National Agricultural Library,
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Beltsville, Maryland; Johns Hopkins University, Baltimore, Maryland; U. S.

National Bureau of Standards, Center of Computer Sciences and Technology,

Gaithersburg, Maryland; Mitre Corporation, Washington, D. C.; General Electric,

Washington, D. C.; Allison & Meyer, Professional Engineers, Rockville, Maryland;

American Psychological Association, Washington, D. C.

Several problems surfaced repeatedly during data collection. It proved

quite difficult to estimate completion rates for the tracking forms, since

journals varied widely in length and complexity of graphic characteristics.

Average hours performed varied widely from form to form, and also increased

steadily as easy-to locate journals were completed first. Another unexpected

delay in data collection was waiting time at closed-stack libraries.

When journals in the Physical Sciences field were completed and key-

punched, a test run of a simple listing program was made, and numerous incon-

sistencies were discovered in the counting of pages of notes. Despite an attempt

to clearly define "notes'', wide variation in field workers' interpretation of

this definition was found, and this counting was discontineed. Another difficulty

which was brought to our attention during daily telephoned progress reports was

in the counting of various graphics which were border-line to the examples

illustrated in the instruction booklet. Coding decisions for these problems

were made on ar ad hoc basis. We originally expected that data collection would

be c.:impleted during the summer of 1975. Because of these delays, back-to-school

season brought a large turnover in our original group of student and student-

aged workers, and re-hiring and training, coupled with the doove delays, extended

tracking survey data collection through the beginning of November, 1975. A total

of approximately 1,240 tracking forms were completed.

1.3.5 Data Processing. for Trackins c,urvev

When the tracking survey rorm was designed and pretested, it kad been

hoped that it could be used as a direct form for keypunching without recourse

to an intermediate coding form. Card and column numbers for keypunching were

originally included, but were removed just prior to printing of the form when

it was discovered that a major change in computer record characteristics might

be riceFsary, due to the inclusion of certain alphabetic fields. (These fields,

such as author address and puhlisher, were subsequently typod by hand). Key-

punching was still done without an Intermediate coding form.
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because no intermediate coding form was used as an input to keypunching,

each tracking survey form was edited prior to keypunching. We edited each form

when it was discovered in a trial data listing that keypunching of some decimal

fields had bee'A inconsistent, due to inconsistencies in reporting. This was

remedied by the complete editing of Forms and by explicit instructions to field

workers to observe reporting requirements for decimal fields.

Data processing was accomplished in two phases: an initial listing

of neatly-raw data in five separate printouts, and a final computation in which

average characteristics were computed. (Average journal characteristics were

also calculated by hand, using the same computational formulas).

The initial listing was in five parts:

Part 1: Number of authors per article, author
affiliations, publishing lags

Part 2: Article characteristics (number and pages
of graphics, article length, articles per

issue)

Part 3: Prices (individual, institutional, and
foreign

Part 4: Issue characteristics (graphics, advertising
pages)

Part 5: Funding source codes, grant and contract
numbers, and number of items in author's

bibliography

Because of the laru amount of data to be included in these printouts,

we decided to print only the average of article and issue characteristics which

were observed three times in a given journal in a single year. All data was

sorted by field of science, and within field of science, by journal and year

p..tblished. Development of these printouts simplified later programming of

average characteristic computations, since they required a considerable a- -.nt

of work in field specification due to the great length of the individual i_cords.

The five individual printouts also proved invaluable in error checking.and as

a source for hand computation of characteristics when machine calculations would

have been too time consuminc, or expensive to program or debug completely.
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Avera;.,e charctors per page (forula throe), Once it Was ciculated,

served :LN 1 brn;i:; For calculatinE characters per article (by mnJtiplying it by

paes vr article) and characters per inuinal per ye:1x (by multiplying charac-

ters per atticlo by articles per istio issues per yer). In some analysus,

it was thought that characters as a unit of mea,:urent would be more indica-

tive of "inforation content" or "inioimal:iou pro:bletivity" than a simple

measuroment of pages and articles. This is neck nrily a simplifying assumption,

because of differences in technical voccbtllarics, leugth, and so on. It

also does not take into account other journal sources of information such a

book rev.iews, letters to the editor, brief communieations, and advertisemants,

which also communicate infotoction and ee-:!,,atme time and money in physical pre-

paration and printing. St7rict1y spening, these should also be included in

estimates of total pages published awl total characters, but the practical :-)rob-

lems of accurate counting and weighting are considerable.

I.3.7 Estimation of Weighting Factors

Because equal sample sizes were sought for each field of science, simple

averages of joarnal, article, and issue characteristics were insufficient for

analysis if comparisons of, say, the numher'of articles per issue were to be made

across fields. Since the nuitiber of iournals (or articles) published in each

field of science differed (an initial assution horne out by fact), we11ted

averages were calculated for IIEC in cur final analyses. If each of the nine

fields of science is considered to be a sc,mpling stratum, then the probability

that a particular journal would be sa:Ipled was different from stratum to stratum.

Also, within the journal population of each field of science there are potentially

several separate groups of journals. Some journals arc born, die, merge with

other journals, change names, split-into tt:o or three separate parts, shift to

pubi.i h Lug on microforms, increase or decrease their frequency of publient ion,

and so on. We wanted the major catesorics of these examples of journ:- "beL,vior"

to be reflected in the. final weiPhtin:; schec, so three main strata Wc olopod

to reflect the numbers of journals in each field which eldsted in 1962 and 1974

(stral:u.1 1) , tho,;e which er,:is::ed in 1962 but not l9-i4 (stratum 2) , and those

which cisted in 1974 but not 1962'(stratum 3) . (Since a journal may be started

at any r.uth ducinr, the year, stra.tii: I journals may have begun some tit,e. during

1962, so a 1962 str:qum 3 ei.,;htiug ,:alue was cale.ulated). A jour:Ial. which chan,:ed

its publi,:ber, or liumberin .::as net cTrocted by theile above

defin 399
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A set of weighting factors was developed to reflect the proportional

sizes of these various groups. These weighting factors are shown in Table 1.1.

Strictly speaking, the weighting factors were the ratio of the table values and

the number of observations made in a given field, year, and stratum, or

Mk/mk, where Mk equals the table value and mk equals the sample size. In actual

calculations, mk was considered to be the number of observations obtained, and

assumed to be equal to the sample size in that field for that year and stratum.

In order to --aintain the characteristics of a probability sample, it is im-

portant that the sample size and the number of observations are equal or as

nearly equal as possible. While 95% of the planned data collection was com-

pleted (a 100% "response rate" was impossible due to continued problems in lo-

cating a few isolated journal volumes), some variation did occur in the number

of observations of given data items.

For example, a key data item in the analysis of trends in journal

publication is subscription price. The existence of different types of sub-

scriptions prices complicates data collection. Therefore, accommodation must be

made for individual, institutional, and foreign subscription prices, and for

society publishLd journals, member and non-member subscription prices. Not all

journals (when examined in the library) provide this information for every

catgory. Also, some journals change their price reporting policy from year to

year. For example, many sampled journals did not begin printing different (and

usually higher) institutional subscription prices until the middle or late 1960's,

and for some journals institutional prices were not reported at all. Instead of

treating these as "missing values", we assumed that individual and institutional

prices were identical for those years, and substituted the former. Therefore,

for a sample of 20 journals from stratum 3 and a given field of science observed

in 1968, there was no guarantee that all 20 would provide an actual institu-

tional subscription price. Only a few other data elements, such as .ublishing

lags, exhibited the above characteristics so these values were calculated 1,--;

hand instead of by computer.

To develop weights for stratum 3, journal growth rates for individual

fields of science were estimated by observing the number and year of journal

starts between 1962 and 1974 in our sampled journals which were chusen from the
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32

--
32
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3. Compute: 1 12 12 12 12 12 12 12
Sciences 2 -- __
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4. Environment:,1 30 30 30 30 30 30 30
Sciences 1 1 1 2 4 2 2

3 29 29 29 28 26 28 28

5. Engineering, 1 I SS 1,i3 1:',71 1SE 168 138 188
--

3 .63 63 cZ 61 46 39 37

6. Life 1 506 506 506 506 506 506 506
Sciences --

3 60 60 60 60 60 60 60

7. Psychology 1 55 55 55 55 55 55 55
2 -- --
3 0 7 14 23 31 38 44

8. Social 1 455 455 455 455 455 455 455
Sciences 2

3 51 82 113 153 176 200 224

9. Other 1 39 39 39 39 39 39 39

Sciences 2

3 7 8 9 10 10 10 I I

1,otra turn 1
St ratu:n 2
Stratum 3
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Indiana University list. This was done prior to actual data collection when

journal locations were identified; at this time the "start" year for sampled

journals was also recorded.

To estimate the rate at which journals are discontinued by publishers

(journal "deaths") it was necessary to sample a different set of 1962 journals

and track them forward. Our original sample, as noted previously, was composed

of journals selected from the 1962 ISI list and the Indiana University list for

1973/74 journal titles. The latter list necessarily reflected still existing

journals. We suspected that the ISI list underestimate0 journal deaths because

of the way this list was generated in 1962. To get a better estimate of journal

"deaths", a more comprehensive 1962 journal list was used, the 1962 Ulrich's (142)

First, journals which did not fall into the nine NSF fields of science were

excluded. Next, the number of U. S. published journals were counted by field.

We noted that the relative proportions among fields were different from the

proportion:- - *he table of weights used in computation. This is due to the

increased cu, :age of scholarly journals which the Fry/Indiana UniVersity list

provided, the more restricted coverage of the 1962 ISI list, and the changes

in the number of journals published in each field since 1962.

Next, twenty journals in each field were randomly selected from the

1962 Ulrich's, and then tracked forward through successive issues of Ulrich's

and New Serial Titles (114) todetermine the death rate. Name changes were

noted so that deaths would not be overestimated. "Superceded" journals were

counted as still existing continuations. A journal published in the U. S. in

1962 but later listed as published in another country was counted as still

existing. The results are shown in the following table. (We caution that these

results only approximate true rates, due to the small sample sizes used). Note

that two Engineering journals which ceased publication in 1960 were carried in

the 1962 Ulrich's. Also, there were nine "don't knows", where it was impossible

to determine the exact date when the journals ceased publication. We assumed

that these were deaths, although they may be due to changes in coverage of the

lists we examined.

Despite these efforts, our samplo included only two journals which we

classified as stratum 2 journals: Plastics World and Aerospace Management:
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Table I. 2 RESULT OF ANALYSIS TO DETERMINE DEATH RATES

Field of Science
1962

Ulrich' s
Total

Sample
Size

Still
Existing

D Year of
Death

I. Physical
Sciences 130 20 19 1 1962

2. Mathematics Don't
& Statistic s 66 20 19 1. Know

3. Computer 1964, 1968
Science 19 19 14 5 1965, Don't

Know (2)

4. Environmental 1969

Science 152 20 18 2 1961

5. Engineering 474 20 15 5 1960(2)
1970,1962(?)
Don't Know

6. Life Sciences 761 19 17 2 1968
Don't Know

7. Psychology 67 20 20

8. Social Donrt
Sciences 1,183 20 18 2 Know (2)

9. Other 1970 it2)
Sciences 95 20 17 3 Don't Know (2

4 9
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which reflected the growth in the total 111.,:%ber of journals peb.iibad in 1962.
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1.4 The i.utImr f;ilivev

1.4.1 In tre::oc Hon

The Author Survey w:!s Thring tho It wai;
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criterion was the use of a short questionnaire format which would simplify

response, hopefully resulting in a high respunse rate. Resulte were to be

used to estimate values for all authors cf scientific and technical a:ticles.

1.4.2 Design of Author Questionnaire

One objective in the design of the Author Survey questionnaire was to

minimize respondent effort, since a mail questionnaire was to be used without

mail or telephone follow-up. The number of questions was kept to a minimum.

No demographic characteristics were requestel. In order to minimize the bulk

of the questionnaire, we decided to use a regular business envelope for mailing.

This included two items: a cover letter with the full text of questions printed

on the back, and a post-paid return postcard which included abbreviated forms

of the questions.

Two separate surveys were originally planned. We needed to collect

data on the production and dissemination of information from the author's

viewpoint; we also needed data on the use of this information. The authors of

articles sampled in the journal tracking survey would be contacted for informa-

tion regarding article revision, page changes, reprint purchases, and reprint

distribution. Then, through Science Citation Index, users of these articles

wou/d be identified by noting authors who cited the original articles. These

users would then be contacted about how they identified and obtained access to

the articles which they cited. In this way, we would obtain information about

several different stages of the information transfer cycle. Information on the

number of revisions made would be input to the journal cost model. Page charges

would give an indication of one source of journal income. Reprint distribution

would identify the author's own role in dissemination of his or her own article.

On the other end, citing authors' identification and access methods would des-

cribe the major step from the generation to the assimilation of information.

Addresses for this latter group of authors would be identified via directories

of scientific organizations, biographical listings, and other sources, such aS

examination of the citing authors' own articles.
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There were practical problems associated with doing two separate

surveys. First, identifying enough cited articles from the articles sampled

in the tracking survey would be difficult. Second, locating current addresses

(or any addresses) for these citing articles would require examination of more

sources. Considering this, we decided to combine the two surveys into one.

Authors were asked questions about their own article and about an article which

they had cited. Therefore, only one form was needed, with two separate sets of

qu3tions.

forward:

Data requirements for part one of the _uestionnae were straight-

n!_tmbcr ,317 tims the article was returned to the

author for revision

anount paid in page cLarges

number of reprints obtained from publisi.er

whether or not reprints were paid for

number of reprint requests received

The questions dealing with the cited article were more complex. We

wanted to develop a model of article "flow" which included both method of

identification and method of access. Points to be considered were whether or

not the author was doing a literature search, method of identification used,

method of access used, and whether or not the article was photocopied.

The first point was simple, assuming familiarity with the term

"literature search".

The second point, method of identification, included a combination

of "direct" and "indirect" identification methods. Direct identffication means

that the author was looking for information on the selected topic. Indirect

identification means that the author "Caanced upon" the cited article. We

realized that in some cases, identification and access occur simultaneously,

for example, when an author receives a reprint without requesting it.
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The third and fourth points, access method and photocopying, at first

caused some problems in developing a flow model. Photocopying itself might be

thought of as'an access method. However, we were most interested in the author's

initial access method, and considered Liat photocopying is a secondary method

used after the author first obtains physical possession of an article in a

journal, reprint, or preprint form. Still, photocopying was retained in both

the question on copying and access, since a photocopy can serve as both primary

and secondary access.

Also, "copying" was expanded to include both photocopying and the

generation of hard-copy from microform.

1.4.3 Pretesting

Pretesti,ig was dcne in July and August of 1975. The initial question-

naire version iS shown in Appendix VI. Twenty-three were mailed out, and

thirteen were returned to CQS plus one marked "deceased". The questionnaire

was printed on the back of the cover letter. Instead of a printed postcard,

pretest authors received a copy of the postcard photocopies

sheet, on the front of which was copied the address for the

on an 8-1/2 x 11"

Center

Quantitative Sciences in Rockville. We asked them to fill out the

fold over, staple, and return the sheet.

for

answers,

Several multiple responses were received to single questions. Based

on this, respondent comments, and further discussion, the list of response

categories was expanded as shown in the revised questionnaire, Appendix VII.

The cover letter was also revised slightly, and postcards were printed with

the Chicago Market Facts post office box number as a mail drop. This was done

so that return postage would be paid only for respondents.

We were somewhat surprised by the response rate, even for such a

small pretest, and felt that this was due to the nature of the audience, the

questionnaire topic, and the method of questionnaire preparation.

The authors contacted are not simply a generalized audience. They are

a select group of people who have taken the time to perform timeconsuming re-

search and/or prepare articles for journals, many of which are professionally

4Q7.
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reviewed. We assumed that the author's feeling of pride in their own work would

carry over to being asked about their activities surrounding it Also, even

though the questionnaire was copied, each one had article citations individually

typed, and each one is signed by hand. This added a note of personalization.

1.4.4 Data Collection

The following operations were involved in mailout from CO3F,: yping

of author's article and cited article citation on cover letter; t;ping of author

name and address on envelope insertion (by hand) of coding numben; on response

card; folding, insertion, sealing, and stamping of envelopes. A total of 2,193

questionnaires were mailed out during September of 1975.

Survey monitoring consisted of re-addressing questionnaires which were

returned with forwarding addresses and respondi-ig to telephone queries of authors

regarding the survey. The cover letters included a long-distance collect number,

but only two long-distance calls were received. Fewer than ten calls were

received from authors located in the Washington, D. C. metropolitan area. All

questions dealt with the purpose of the survey rather than with questionnaire

ambiguities.

1.4.5 Interpretation of Survey_Results

Several considerations should be kept in mind when analyzing the re-

sults of the Author Survey.

As mentioned in the section on sampling, authors were selected only

from journnls which were included in the journal tracking survey. Therefore,

the representativeness of respondents was limited initially by the representa-

tiveness of the sampling process which cenerated the sample list of journal titles.

The majority of authors were selected on the basis of the journal's

inclusion of a useable address. This practice v ries considerably from journal

to journal; many journals consistently do not print author addresses, even

though we found that the exchange of repri-ts among scientists accounts for a

considerable amount of the total of article accesses.
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Although authors who publish in scientific and technical journals are

predominantly college or university-based, it was our impression that the pro-

portion of university addresses to non-university addresses was higher than the

actual proportion of university authors to non-university authors. Therefore,

we feel that our responses were biased somewhat towards university-based authors.

Because place of employment was not a consideration in selection or analysis,

however, we have no data to support this.

Cited jouinal articles were chosen which were not authored or co-

authored by any of the authors listed for the source article. This restriction

was made because we were interested in the more "formal" methods of article dis-

tribution. It is likely that inclusion of self-authored or co-authored articles

would result in a bias towards "internal" article transfer such as professor

to graduate student. It is also likely that self-citations are made to articles

which are already in the author's own collection since authors generally main-

tain copies of their own articles for future reference or for distribution via

reprint channels.

Only "first authors" were contacted, i.e., only those whose names were

listed first. In sor fields, it is the common practice to list graduate

students' names first before professors' names. We considered limiting our

survey only to single-article authors, but this was infeasible due to the large

number of co-authored articles. We do not know what effect this had on responses

or r sponse rate.

For many authors who responded, a problem of recall was possible.

Authors were contacted by mail in the summer of 1975, and some were asked about

articles which they had cited in their 1968 articles, a minimum span of seven

years. Since the questionnaire was in two parts, part one asking about the

author's article, and part two asking about the cited article, we expected much

more non-response to part two than to part one, especially for older source

articles. This was not the case; practically all respondents answered both

parts of the questionnaire.

Because we did not intend to analyze data by field of science for the

Author Survoy, an exact count was not kept or outgoing questionnaires by field.

Also, the number of outgoing questionnaires by year of source arr1c1e was not

409
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recorded, since authors had not been randomly samplA. It is interesting to

examine the number of responses by field and year, however.

An attempt was made to collect equal numbers of author addresses for

recent articles as well as f older articles. ',.7e expected a much icwer response

rate for older articles. A though we do not at bis time have an exact count

of numbers of outgoing questionnaires by year of source article, we were some-

what surprised by the large number of older responses, a credit to the coopera-

tion of respondents and to the diligence oF the postal service and past em-

ployers in forwarding questionnaires. Exact numbers of responses, by field and

year, are shown in Table 1.3.

Two thousand one hundrerl and twenty-three author questionnaires were

mailed out, and 943 useable responses were received in time for analysis, a

44.4% response rate. Sixty-four were returned too late for analysis, resulting

in a total response rate of 47.4%. One hundred ninety-one were returned as

undeliverable prior to the cut-off data, and 34 after. If undeliverables (due

to no forwarding addresses or incomplete addresses) are subtracted from the

total mail-out, a prior to cut-off date response rate of 48.8% was obtained, and

a post cut-off response of 53.1 percent.

We considered these response rates to be very high, especially since

no mail or telephone follow-ups were used. We felt that cur initial objective

of performing a low-cost, simplified author survey had been attained. Still,

there always exists in a survey of this type the problem of non-response. No

rigorous':inalysis of non-response has been performed thus far, nor has a separate

survey o non-respondents been conducted.

Numerous hypotheses might be developed regarding the unaccounted-for

891 questionnaires. What percent were neither forwarded nor returned to us?

How many secondary authors received the questionnaires and felt they could not

answer the questions? How many authors had died? How many questionnaires were

received by institutions while the author was away on summer vacation, only to

be forgotten in the bottom of a mail pile? How many authors refused to respond

either because they could not remember as far back as 1968 or.because they felt

the questionnaire was an invasion of privacy? (We felt the privacy issue was

5
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minimized beczpise of the non-inlusion of demographic questions and because

of the promise of confidentiality. Still, one author did telephone us to voice

concern that the survey's objective was really the evaluation of him or his

program).

Because of these it ve considerations, the reader should view the

author survey results with some care. We feel that the major conclusions --

the relative use of various sources of access, for example -- are valid, and

have no reason to believe that non-respondents behave differently from res-

pondents vis-a-vis these conclusions. Keeping all the above in mind, we feel

that the particular theoretical and methodological techniques used in this

survey merit further application.

1.4.6 Data Reduction and Analysis
_

Response cards were icldressed to the Market Facts, Chicago

for editing and keypunching. Most cards required little editing since response

format was straightforward. A few with problems -- e.g., multiple responses,

st.teAingly contradictory responses -- were mailed to CQS in Rockville, where a

short set of coding instructions was developed. These were then returned to

Chicago for keypunching. Specifications for machine tabulating (sorting

instructions, column headings, cross-tabulations) were developed and these,

along with codi ; formats, were programmed in Chicago.

Two major tasks were required for proper analysis: year of cited

article and weighting factors needed to be inserted into the computer record

prior to tabulation.

Year of cited article was needed so that the time between cited article

publication and use of that article could be measured. These had been collected

but had not originally been included in [he response card record format.

Supplementary coding sheets were prepared, and for each outgoing questionnaire

(excluding those which were returned as undeliverable) year of cited article

was inserted as a two-digit number. (Cited article dates prior to 1900 were

coded as "99").

0
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Two weighting factors, similar to those discussed for the Tracking

Survey in Section 1.3.7, had to be calculated. These factors represented the

proportional numbers of articles cited in all the journals and articles repre-

sented by our sample, for each field of science, year, and stratum under con-

sideration, divided by numbers of responses. The "article weight" was generated

by multiplying (articles per issue) times (issues per year) times (journals

published per year) for each field of science (1-9), year (1968-1975), and

stratum (1, 2, 3). This was then divided by the number of author responses in

chat field, year and stratum. The "citation weight" wa- generated by multiplying

(articles per issue) times (issi, ,; per year) times (journals published per year)

times (articles cited per articic) for each field, year and stratum. This was

also divided by the number of responses in that field, yLar, and stratum.

Note-that these weights are similar to those described in Section

1.3.7, except for the sequence of operations. Journal Tracking Survey weights

also were calculated by dividing by the number of "responses" (i.e., the number

of journal observations, mk), except that this step was accomplished as an inte-

gral part of computer calculation. (Table 1.1, strictly speaking, depicts only

a multiplicative element which was combined with factors such as issues, pages,

characters per page, etc., prior to division to generate the final weighting

factor).

Because the tabulated results from the journal tracking survey were not

yet available for the development of weights in the author survey, Tracking

Survey forms were examined manually (prior to keypunching). Articles cited per

article, articles per issue, and issues per year were recorded on data sheets

from each tracking survey form used as a source for the article survey. These

were subdivided by year, field of science, and stratum, and the average Items

cited per article and average articles published per journal were calculated

for each of these categories. The latter average was then multiplied times our

estimate of the number of journals per year published in each field and stratum,

to generate a table of the total number of articles published per year, field,

and stratum. These figures were then multiplied times the average number of

articles cited per article to generate a table of the total number of items

cited per year.
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The stratum number for each author questionnaire (equal to the stratum

number for the journal in which the author's article appeared) was inserted on

the supplementary coding sheet containing the date of the cited article. These

date elements were added to the individual keypunched records, and responses

were counted by year, field, and stratum. Each of the values in the two pre-

ceding tables (cotal articles published per year and total articles cited

per year) was then divided by responses for each field, year, and stratum to

generate the final weighting factors. These weighting factors are displayed

in Tables 1.4 and 1.5.

Note that the estimate of articles per issue ard issue per y2ar, used

in calculating average articles published per journal per year, were drawn

only from journals used as sources for the author survey, resulting in small

sample sizes for individual field, year, and stratum cell values. These values

were somewhat different from the final values calculated from tracking survey

data, and may be the source of some error in author survey responses. Also,

another minor source of error was the count of the number of articles cited per

article. Although the survey considered identification and access of articles

which were not self-citations, the count used in generating the citation weights

was made of all articles cited by the contacted authors. Assuming that the

proportion of self-citations to non-self-citations is similar across fields,

this should not significantly affect the calculation of response percentages

for the author survey data.

Initial tabulation of data was by computer, with various sorts and

cross-tabulations by year of author's article, ycar of citing author, individual

questions, and so on. Calculation of individual path frequencies and percents

(i.e., percent and frequency of each combination of identification method and

access method) was done by hand, directly from response cards. No analysis by

individual field of science was performed because of the small individual field

sample size for each year.
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Table I. 4 AUTHOR SURVEY AR TLE WEIGHTS (x20)

Fiekl of
Year

Science Stratum 1968 1969 1970 1971 1972 1973 1974 1975

1. Physical 1 132 117 123 95 111 140 71 101

Sciences 3 348 395 107 -- 80 403 157 278

2. Mathematics 1 30 346 45 93 35 64 20 64

& Statistics 3 57 31 17 -- 16 42

3. Computer 1 18 6 15 7 15 6 24 6

Science 3 14 6 -- 6 5 59 4

4. Environmental 1 26 48 19 30 20 65 28 56

Science 3 49 57 25 11 30 42 25 20

5. Engineerin2 1 175 517 338 267 145 286 159 199

3 37

6. Life Sciences 1 853 294 436 306 592 311 604 362

3 -- 118 527 64 490 102

7. Psychology 1 25 60 38 58 54 32 28 80

3 56 49 20 32 18 44 28 110

8. Social 1 -- 371 348 243 243 819 152 152

Science 3 -- -- -- 56 -- 17 -- --

9. Other 1 94 70 -- 40 79 39 47 29

Sciences 3 -- -- -- --

Note: "--" = No response received.
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Table 1.5 AUTHOR SURVEY CITATION WEIGHTS (x100)

Field of
Year

Science Stratum 1968 1969 1970 1971 1972 1973 1974 1975

1. Physical 1 140 124 1 30 100 118 149 75 107
Sciences 3 321 365 99 -- 74 372 145 257

2. Mathematics 1 19 217 28 58 22 40 1 3 40

& Statistics 3 32 17 9 -- 9 23 --

3. Computer 1 10 3 8 4 8 3 14 3

Science 3 11 5 4 5 4 47 3

4. Environmental 1 36 66 27 42 28 90 39 78

Sciences 3 264 311 137 61 165 228 137 109

5. Engineering 1 135 398 260 206 11 2 220 122 153
3 __ __ -- _- __ __ -_

6. Life 1 1,062 367 543 381 737 387 752 451

Sciences 3 -- -- -- 86 -- 47 357 74

7. Psychology 1 41 101 64 97 89 53 47 134
3 45 39 16 27 14 35 22 88

8. Social 1 -- 175 165 115 115 387 72 72

Science 3 -- -- 13 -- 4 -- --

9. Other 1 73 55 -- 31 62 30 36 23

Sciences 3 -- -- -- -- -- --

Note: = no response received.

5 0 7
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APPENDIX II

SAKPLE JOURNAL TITLES

5 0 8
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Field 1 -- Physical Sciences

Journal
Code Title

1 01 Adhesives Age

1 02 Analytical Chemistry

1 03 Applied Optics

1 04 Astronomical Society of the Pacific Publications

1 05 Cereal Chemistry

1 06 Comments on Solid State Physics

1 07 Critical Reviews in Solid State Sciences

1 08 Migh Temperature

1 09 International Journal of Theoretical Physics

1 10 IEEE Transactions on Audio & Electroacoustics

1 11 Journal of the Association of Official Analytical Chemists

1 12 Journal of Chemical Documentation

1 13 Journal of Crystal and Molecular Structure

1 14 Journal of Magnetic Resonance

1 15 Journal of Medicinal Chemistry

1 16 Journal of Physics and Chemistry of Solids

1 17 Journal of Plasma Physics
**

1 18 Letters in Heat & Mass Transfer

1 19 Nuclear Technology

1 20 Particles and Nuclei Series

1 21 Physical Review Letters

1 23 Plastics World

1 24 Rocks and Minerals

1 25 Spectroscopy Letters

High Temperature, a translation of a Russian journal, was used only for

calculation of average physical characteristics.
**
Another translation from Russian, dropped from survey.

5 0
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Field 2 -- Mathematics and statistics

Journal
Code Title

2 02 American Mathematical Society Proceedings

2 03 American Statistician

2 04 Applicable Analysis

2 05 Communications in Algebra

2 06 Duke Mathematical Journal

2 07 Illinois Journal of Mathematics

2 08 International Journal of Cor-mter Mathematics

2 09 Journal of Differential Equations

2 10 Journal of Mathematical Analysis and Applications

2 11 Journal of Recreational Mathematics

2 12 Mathematical Systems Theory

2 13 Mathematics Teacher

2 14 Pacific Journal of Mathematics

2 15 Quarterly Journal of Mathematics

2 16 Society for Industrial and Applied Mathematics

2 17 SIAM Review

2 18 Studies in Applied Mathematics

2 19 American Journal of Mathematics

2 20 Annals of Mathematical Statistics

2 21 Bulletin of Mathematical Biophysics

2 22 Communications in Pure and Applied Mathematics

2 23 IEEE Transactions on Information Theory

2 24 Journal of Mathematical Physics

5 0
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Field 3 Computer Science and Engineerina

Journal
Code Title

3 01 ACM Communications

3 02 Automation

3 03 Computer

3 04 Computer Graphics and Image Procescing

3 05 Computers and Automation

3 06 Computers and the Humanities

3 07 Computing Reviews

3 08 Data Management

3 09 EDP Performance Review

3 10 Honeywell Computer Journal

3 11 IBM Journal of Research and Development

3 12 International Journal of Computer and Information Science

3 13 Journal of Computer and System Sciences

3 14 Journal of Educational Data Processing

3 15 Operating Systems Review

(3 16) SIAM Journal on Control

3 17 SIGCUE Bulletin

3 18 Simulation Councils Proceedings

3 19 Journal of the American Society for Information Science

3 20 Bulletin of the Medical Library Associ-Ition

3 21 Information and Control

3 22 IEEE Transactions on Automatic Control

3 24 Journal of the Association for Computing Machinery

r I 1
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Field 4 Environmental Sciences

Journal
Code

4 01

4 02

4 03

4 04

4 05

4 06

4 07

4 08

4 09

4 10

4 11

4 12

4 13

4 14

4 15

4 16

4 17

4 18

4 19

4 20

4 22

4 23

4 24

4 25

Title

Aerospace Management

American Meteorological Society Bulletin

Bulletin of Marine Science

Coastal Zone Management Journal

Earth Science

Fieldiana Geology

Geographical Analysis

Geophysics

Journal of Applied Meteorology

Journal of Geology

Journal of Marine Research

Journal of the Atmospheric Sciences

Marine Biology

NLGI Spokesman

Ocean Industry

Professional Geographer

Radio Science

Bulletin of the Seismological Society of America

American Journal of Science

American Mineralogist

Ecological Monographs

Ecology

Journal of Atmospheric and Terrestrial Physics

Journal of Geophysical Research

5 1 2
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Field 5 -- Engineering

Journal
Code Title

5

5

01

02

AFS Cast Metals Research Journal

American Institute of Steel Construction Engineering Journal

5 03 American Society of Civil Engineers, Soil Mechanics & Foundations

5 04 Bell System Technical Journal

5 05 Civil Engineering

5 06 Die Casting Engineer

5 07 High Speed Ground Transportation Journal

5 08 IEEE Transactions on Circuit Theory

5 09 IEEE Transactions on Instrumentation and Measurement

5 10 ISA Transactions

5 11 Journal of Applied Mechanics

5 12 ASME Journal of Fluids Engineering

5 13 Lubrication Engineering

5 14 Metal Science and Heat Treatment

5 15 Modern Metals

5 16 Plating

5 17 Review of Scientific Instruments

5 18 Southern Pulp and Paper Manufacturer

5 19 Astrophysical Journal

5 20 Industrial and Engineering Chemistry Process Design & Development

5 22 IEEE Transactions on Education

5 23 Journal of Molecular Spectroscopy

5 24 Nuclear Science and Engineering

5 25 Stain Technology

5 3
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Field 6 Life Sciences

Journal
Code Title

6 01 Agricultural Engineoring

6 02 American Journal of Digestive Diseases

6 03 American Midland Naturalist

6 05 Biotechnology and Bioengineering

6 06 Citrus & Vegetable Magazine

6 07 Delaware Medical Journal

6 08 Evaluation

6 09 Group Practice

6 10 International Pathology

6 11 ,Journal of Dental Education

6 12 Journal of Nervous and Mental Diseases

6 13 Journal of Surgical Oncology

6 14 Medical Marketing and Media

6 15 North Carolina Medical Journal

6 16 Pharmacy in History

6 17 Rhode Island Medical Journal

6 18 Theoretical Population Biology

6 19 American Heart Journal

6 20 Analytical Biochemistry

6 21 Bulletin of Ex.erimental Biology and Medicine

(6 22) Ecological Monographs

6 24 Journal of the National Cancer Institute

6 25 New York State Journal of Medicine
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Field 7 -- Psycholozy

Journal
Code Title

7 01 American Journal of Psychology

7 02 Behavioral Biology

7 03 Clinical PsycAologist

7 04 Developmental Psychology

7 05 Genetic Psychology Monographs

7 06 International Journal of Symbology

7 07 Journal of Applied Psychology

7 08 Journal of Contemporary Psychology

7 09 Journal of Experimental Child Psychology

7 10 JournAl Jf Humanistic Psychology

7 11 Journal of Personality

7 12 Journal of School Psychology

7 13 Journal of Transpersonal Psychology

7 14 New Outlook for the Blind

7 15 Perceptual and Motor Skills

7 16 Psychological Issues

7 17 Psychology in the Schools

7 18 School Psychology Digest

7 20 Behavioral Science

(7 21) Genetic Psychology Monographs

7 22 Journal of Comparative and Physiological Psychology and Supplement

7 23 Journal of the Experimental Anal of Behavior

7 25 Psychiatry

*
)
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Field 8 -- Social Sciences

Journal
Code Title

8 01 American ournal of Criinal Law

8 02 Arkansas Law ReViL4

8 03 Chronicles of 01,lahor,1

8 04 Criminology

8 05 Extrapolation

8 06 Growth and Change

8 07 Illinois School Researcl,

8 08 Journal of Collective Negotiations in the Public Sector

8 09 Journal of Mississippi History

8 10 Foundational Studies

8 11 Missouri Historical Society Bulletin

8 12 Northwest Anthropological Research Notes

8 13 Pakistan Perspective

8 15 Smith College Studies in Social Work

8 16 Stanford Law Review

8 17 Social Service Review

8 18 Yale Law Journal

(8 19) IEEE Transactions on Education

8 20 Amer.Lcan Journal of Pharmaceutical Education
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Field 9 -- Other Science!-;......_.

Journal
Code Title

9 01 American Laboratory

9 02 Annals of the New York Academy of Scien

9 03 Drexel Library Quarterly

9 04 Energy Systems and Policy

9 05 Georgia Academy of Science Bulletin

9 06 Industrial Research

9 07 Iowa State Journal of Research

9 08 Kansas University Science Bulletin

9 09 Library Journal

9 10 Library Trends

9 11 Michigan Academician

9 12 National Academy of Sciences Proceedings

9 13 Northwest Scie cc

9 14 PNLA Quarterly

9 15 Science

9 16 Scientific American

9 17 Technical Communication

9 18 Texas Journal of Science

(9 19) Journal of the American Society for Information Science

9 20 American Scientist

(9 21) Bell System Technical Journal

(9 22) IEEE Transactions on Education

(9 23) IEEE Transactions on Information Theory

(9 25) Science

(9 26) Technometrics

:) I
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APPL DIX III

DISTRIBUTION OF SAMPLE JOURNAL
TITLES AMONG PUBLISHER TYPES

518

427



www.manaraa.com

Sample journal titles were distributed among publisher types as

follows. The first row is the number of publishers in the sample which pub-

lish one sampled journal, the second row is the number of publishers which

publish two sampled journals, and so on.

Publisher Type

Society Commercial
Educational
Institutions Other

One Journal. 54 30 20 5

Two Journals 5 5 0 0

3-4 Journals 3 2 3 0

5-6 Journals 2 1 0 0

7-11 Journals 1 1 0 0

No. Publishers 65 39 23 5

No. Journals 103 53 30 5

No. Publishers Covered in Sample = 152

The publisher categories used were defined as follows:

1. Society or Association - scientific and professional
societies in the U. S.

2. Commercial - commercial publishers or for-profit
companies which publish a journal.

3. Educational Institutions - university presses or
college or university departments or divisions.

4. Other - government, private individuals, and others.

5 I 9
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APPENDIX IV

METHODOLOGY FOR DEVELOPMENT
OF PUBLISHER/JOURNAL POPULATION

Supplied by Bernard M. Fry, Principal Investigator, Economics and Interaction
of the Publisher-Library Relationship in the Production and Use of Scholarly

and Research Journals. National Science Foundation, Office of Science

Information Services, Grant No. GN-41398.
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IV.1 Definition of Scholarly/Research Journal in Context of Study

Since the fields of human endeavor are so vast and all-inclusive,

in one sense periodicals of all kinds and all descriptions may possibly be

used for research or scholarly purposes. Additionally, the economic impact

of declining budgets and rising periodicals costs on libraries End publishers

involves more types of periodicals than those narrowly defined as primary

scholarly research journals. As a result, for the purposes of this study the

definition of journals to be included was developed by excluaion of certain

categories of periodicals believed to be inappropriate either because the

category would not ordinarily contain communications useful for scholarly

purposes or would have no economic impact, e.g., nos. 13-17 below. These

exclusions are as follows:

1. newsletters

2. house organs

3. general, mass audience magazines

4. popular culture magazines

5. periodicals intended for a juvenile audience

6. little magazines

7. preprints

8. patents

9. secondary periodicals or services

10. periodicals intended for a local audience

11. trade journals

12. periodicals not indexed by an indexing and/or
abstracting services*

13. processed periorlicals

14. tabloids

15. free periodicals

16. government publications

17. controlled circulation periodicals

Exceptions were made in those subject areas which are inadequately covered

by indexing and/or abstracting services and for periodicals which began

publication after 1970.
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Becz- the difference in production costs and rates of infla

tion, periodf als o Iced by countries other than the United States were not

included. Tr:.1slatic- is of foreign language journals were excluded because of

the unique costs involved in production of these journals.

IV.2 Identification of Publisher/Journal Po ulation

No existing publication or service adequately identifies periodical

publishers or their publications in all subject areas and for all types of

publishers. However, it was felt that Current Contents, published by the

Institute for Scientific Information, served the purpose of generating a core

list of periodicals in the subject areas which it covers, namely: Behavioral

and Social Sciences, Life Sciences, Phyc::cs and Chemistry, Agriculture and

Biology, Clinical Sciences, and Engineering. Only those publishers with

United States addresses were chosen. Some of the periodicals which were

listed by Current Contents were eliminated on the basis of the above exclusions

list. The number of periodicals chosen from Current Contents totalled 1,866,

published by 1,143 publishers.

In order to augment the list of publishers drawn from Current Con

tents in those subject areas not covered, or covered inadequately, Ulrich's

International Periodical Directory, 15 ed., was used to identify the remain

ing periodicals and their publishers, again eliminating on the basis of the

exclusions. In accord with the decision to omit categories which would not

ordinarily contain communications useful for scholarly purposes, some of

Ulrich's subject areas in addition to those on the exclusion list were not

considered to be appropriate. These were:

Adventure and Romance Meetings and Congresses

Bibliographies Pets

Clubs Sports and Games

College and Alumni Travel and Tourism

Gifts and Toys Women's Interests

Hobbies

522
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Various publications were used to verify the completeness of the

periodical list. These included the Encyclopedia of Associations, National

Trade and Professional Associations of the United States, Scientific and

Technical Societies of the United States, Research Centers Directory, Publi-

shers Trade List Annual, Publishers' Weekly, Directory of the Association of

University Presses, and numerous published discipline studies of periodicals.

When the identity of the publisher was in .loubt, the current issue of the

periodical was examined.

IV.3 Size of Publisher/Periodical Population

Selected through the techniques enumerated in the previous sections,

the population of the periodicals chosen totaled 2,563. These periodicals

were produced by 1,702 publishers. The publishers were subdivided into four

categories: Commercial (for profit), Society, University Press, and other not-

for-profiL publishers. The following table shows the breakdown of the pub-

lisher/periodical population by type of publisher.

Type of Publisher

Number of
Publishers

Number of
Periodicals Published

Commercial 284 683

Society 777 1101

University Press 40 129

Other not-for-profit 601 650

Total 1702 2563

5 2 3
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APPENDIX V

TRACKING SURVEY FORMS

V.1 REVISED TRACKING SURVEY FORM

V.2 SURVEY FORM ASSIGNMENT SHEET
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-SO

.441

N
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V.1 REVISED TRACKING SURVEY FORM

Staff member
Form if

Date

(1-4)

Library Call no.

TRACKING SURVEY

JOURNAL INFORMATION

I. Journal Identification (to be filled out prior to library visit)

I. Full Journal Title

2. Abbreviation

3. Journal Code: a. Field of Science ( ) b. Journal C ( )

4. Year of journal being examined: ( )

5. Last event prior to 1975 (circle all applicable events)

a. Type of last event: Name change 1 Split 2 Combination 3 (

Start 4 Terminate 5 Other 6

b. Date of event: Month Ycar Volume Issue

( ) ( ) ) )

6. Original sourcc list for this title (circle one)

1962. IS1... 1 1962 Other... 2 1974 ISL.. 3 Indiana... 4 ( )

7. Final sampling status of this title (circle one)

1962 and 1974 1 1962 only 2 1974 only 3 ( )
. .

II. Subscription Information (See Instructions for definitions)

8. Name of publishing orga:nization
( )

9. Code of publishing organization (circle one)

Society or Association . 1

Commercial or Business 2 ( )

Educational Institution 3

Other 4 (specify)

10. Is this journal sponsored by a prOfessional society or association?

Yes 1 No 2 (go to 1116) Don't Know 3 (go to ff16)

11. Is sponsoring society or association same as publishing organization?

Yes 1 (go to 613) No 2 (go to 1112) Don't Know 3 (go to 1113) ( )

32. What is the name of the society?

)

13. Arc membership dues given for this society or association?

Yes 1 No 2 (Go to 1116)

14. Do the membership dues Include a subscription to this journal?

Yea 1 No 2 (Co to 016) Don't Know 3 (Co to 1115)

15. Membership Dues:

a. Individual (U.S. ) ( )

b. Institutional/Corporate $ (

c. Foreign ( )

16. Is a subscription price for this journal given?

Yes 1 No 2 (Go to 1118)
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l. .1lnl:rii:i..._..pr L: fur tl,i.12.ult t...l:
Member Non-hl,110,,r

a.
b.
C.

indivhle.il (11,S, )
liv.tillairffi.11/Cufp,,nit
l'. IM11:11 (11,1)1.11,11. )

4.

,.

(

(

)

)
1

s____
4

!J
........t....(

)
)

)

1E1. lc :C.1111:... copy p Coce of a lolit!.al i:e.givi.o?
Yee 1 No Z iOu to /120) ( )

19. Single copy price of jou rwil iu:,th: $ (

20. Is the pric of article ri...pfintq givtn?

Yes 1 No 2 (Co to/122)

21. Single rep) int price $ ( )

22: Number of issuer; regularly publit;hed per year: ( )

(biweeltly = 26, :Mont hly = 12, :utt)ly = 06, Ouarte rly = 04,
Write "99" if this in an "iy,;luin r" v.thliealion in which the nurnher of
Issues varies from year to year.)

Journal Dent- riution

23. Columnn per page of text (ch.cle one) 1 2 3 4 )

24. Numbcr of lines per full page or text (..:ithout footnotes)
25. Number uf characters per full line or text (across all columns) on one page.:___

)26. Number of lines per inch of text
27. Choose three isnues at random from a volume you are examining (nee

inst ructions fo r how to cheose issUCt.). ) Write down the ict;i:- nernb, : a ,,;
the number of re c.,:a rch articles far of these three issues. (b) Add up
the total number of re.teafch articles! (C) Divide this number by I_
a. First iSsue ii

Second issue 1!
Third issne

No. of articles
No. of articles
No. of articles

Notes

b. Total number or articles in these. isnucs
C. Divide Total (b) by 3 . ( (

28, What is the page size of thc journal? (Circle category which best approNituates
page size. If nj r. e of the printed di:nc;-.slons comes within a half inch of th.:
actual sizc, circle "5" and write iv ye,:r measurement. Ignore cover nize.)

6x9... 1 7x10... 2 8x11... 3 Other... 5
29a. What type of paper is this jourpal published on?

Glossy* 1 Non-glonsy 2 Don't Know 3

29b. Journal format being examined

Bound 1 Mic rofortu 2 Loose Issues 3

29e. I-lave frotit and/or back covers bscn reraaved?
Yea 1 . No

Iiact any or all advertising been ....c,noved7

You 1 r`To Dmet
29c, Type of :o..:rnal

nts;:c;t,rckitteadt:r.:i.: I

Tr.7,1Qiucws ju:.rn..1
-3 435
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th.:1.'tchthtAl lohh

A rt tu. 'lie Inform uti,,n(11' doe : not Icive p.c.. to, continue w1t/i

next questin)

30. Alchreviatitm

3 1 . A rticle Nuttibur (c rele) 1 2 3 )

32. A rt icle Date:

a. Month ( I!;:; tic Nun the r )

C. Volume_ d. Page ( ) c. Year

33. Title of Article:

)

34. What is the total number of authors? )

35 Prin.t name of first author (1ast name, first :tame, middb: initial)
( )

36. Print first anthor's title (Professor, Director of Research, etc..)

37. Institutional affiliation or phce of business of all authors:

Affiliation codes of all authors (circle all applicable at the time
article was written)

Federal government (U.S.) 1

State or local govern:m:1a (U.S.) 2

Educational Institution (U. S.) 3

Other non-profit inO.itut ion (U. S. ) 4 ( )

Indust rial/comme rcia) institution (U. S. )

Foreign 6

Other (specify)
7

No affiliations given 8

38. Is first author's (currcnt) address given?

Yes I No 2 (Co to (NO ) )

39. First author's current addrest.:
Department or division: ( )

Institution or place of business:
)

Street Address: )

City, State, Zip Code, Country;
)

40. Is a funclin_g_ sou rcc_ identified by name for thc research reported in this article?

Yee I No 2 (Co to (:42 ) ( )

41. a, How many foodisT sources are identified? I 2 3 4 5 or wore (

b. Circle the fundinz; zon-reuu cocl.: for each funding source, using the
followine code: 1-.Fcdut.-11 gc)vr rtinl,nt , ?.,state or Inc..) government,
3r indite!. rkil/co:mne rcial org..;tization, educ.itional institutions,
5-zother nonprofit instiod tour:, 6,.oth.er or unknown.

First fondie;; source 1 2 3 4 5 C. (

Second funu:i:.,1 rout.ce I 2 3 4 5 C. (

Third hunching :10tIrc'e I 3 .1. 5 1^. (

Fon II It 1.1110i IT. soil 1"Ce 1 2 3 4 5 C. ( )
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42; Is a contract or front numlwr (c. g. , NGT 21-025-006) identified (or the
research reported in this article?

Yes No 2 (Co to 144) I )

43. Write tho contract or grant numbers which are mentioned, and code thc
federal funding source by referring to the federal agencic3 list in the instruc-
tions. If the funding agency is not federal, use (he code number 99, and write
in the name of thc aGency on the dotted line.
rko. I ) Code ( )

no. ( ) Code ( )

no. I ) Code ( )

44. Datc article received-by journal: Month ( ) Year _I .)

45. Total numbcr of pages in article ( )

46. Graphics in this article and in non-article portions of this issue (excluding
advertising): See instructions for dcfinitions.

=00 swap Own WINO

a. Line Drawings
.b. Tables
c. B/W half tones
d. B/W continuous tone
e. Color photographs

Graphics in this Article
no. of no. of
graphics pages

( ) . (

( ) . ( )

( ) . ( )

( ) ( )

( ( )

Graphics in thi.s Issue

no. of no. of
graphics pages

( ) ( )

1 ( )

t I (

( ) . ( .)

( ) ( )

47. Total number of pages of small type in this article (footnotes, notes, labels
for graphics, rcfcrcnccs at end a _Article, etc.) )

48. Total number of math or chemical formula inscrts in this article: I )

49. Total number of lines of math or chemical formulas in this article: )

SO. Number of items in references/bibliography section of article:
a. Total number of items:
b. Journal a rticle s:
C. Technical reports:

51. Sample journal article from article's bibliography:
a. Author(s; )

b. Article title

t )

C. Journal name ( )

d. Volume ( )Issue ( ) Page I )Year I )

52. Pages of advertising in this issue (including front and back cover)
a. Black and white advertising . ( )

b. Color advertising . ( )

c. Total pages of advertising (a + b) . ( )

53. Number o( pages in this is suc not devoted to advertising or articles:

)
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1.

TRACKING suityr:r INVORMATK;N

V. ArticIr and
next question)
Abbreviation

(If answer dees not have a go to_, continue with

55. Article Numbcr (circle) 1 2 3

f,. Article Date:
a. Month ( ) b. Issue Number ,( )

c. Volume ( ) d. Page ( ) c. Year (

57. Title of Article:

( )

58. What is the total number of authors?

59, Print name of first author (last name, first name, middle initial)
)

)

( . *,-

60. Print first author's title (Professor, Director of Research, etc.) .'

61. Institutional affiliation or place of business of all authors:

a. Affiliation codes of all authors (circle all applicable at the Erne
article was written)

Federal government (T.I. S.)
State or local government (U.S.)
Educational Iastitution (U.S.)
Other non-profit institution (U;S) ;.*:,

.Inclustrial/commercial institutibn
Foreign 6"
Other (specify)

-
= si.s' -

. .,. -- :

7
No affiliations given

62. Is first author's (current) address given?
Yes 1 No 2 (Go to 1164 )

First author's current address:63.

64.

Department or division:
Institution or place of business:

Street Address:
City, State, Zip Code, Country:

)

( )

Is a funding source identified Oy name _or the research reported in this article?

Yes I lfo 2 (Go to 66 ) ( )

flow many funding sources are identificd? 1 2 3 4 5 or more ( )

Circle the funding source code for each funding 5ource, using the
following code: 1=Federal government, 2=state or local government,
3=industrial/cornmercia1 organir.ation, 4=eciecational institutions,
5=other non-profit ir.szitu:ions, 6=o:her or unLrown.

a.

b.

First funding scurce 1 2 3

Second (unding nuu ic 1 2 3

Third fi:nL!iaj r.ource 1 2 3

Fourth fundin.; source 1 2

4 5 6 ( )
4 5 6 ( )
4 5 6 ( )
4 5 6 ( )
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66. 14 u contract or gy-knt numl.cr (e.g., NCT 21.025-006) identified for the
research reported in this article?

Yea 1 No 2 (Co to 4.68) )

67, V/ritc the contract or grant numbers which a re mentioned, and code the
federal funding source hy referring to the federal agencies list in the instruc-.
lions. If the funding anency is not federal, use the code number 99, and write
in the name of the agency on the dotted line.
no.

no.

) Code

) Code

) Code

( )

68. Date article received by journal: Month ( ) Year ( )

69. Total number of pages in article ( )

70. Graphics in this .article and in non-article portions of this issue (excluding
advertising). See instructions for definitions,

a. LinC Drawings
b. Tables
e. B/W half, tones
d. B/W continucus tone
e. Color photographs

Graphics in this Article
no. of no. of
graphics pages

Graphics in this Issue
nno. o( o. of

graphics pages

( ) ) ( )

( ) ( ) ( )

) ( ) ( )

( ) ( ) ( )

) ( )

71. Total number of pages of small tvne in this article l'ootnotes, notes, labels
for graphits, referenCes at cnd of article, etc.)

72. Total number of math or chemical formula inserts in this article:
73. Total number of lines or math or chemical formulas in this article:
74. Number of items in references/bibliography section of article:

a. Total number of items:
b. Journal articles:
o. Technical reports:

75. Sample journal article from article's bibliography:
a. Author(s)
b. Article title

)

c. Journal name
d. Volume gssue )page )Year ( )

76. Pages of advertising in this issue (including front and back coVer)
a. Black'and white advertising
b. Color advertising
c. Total pages of advertising (a b)

77. Numbe r of pages in this issue not devoted to advertising or articles:

)
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TRACIMC SUItVE? t.flTlCI.L 1.`;'uttm;\

1/I.

78.

A tLicIt.
infortn.lt ion (If answer does not h.tve A go to, continue with

next quest ton)

Abbrev.iation

79. Article Number (circle) 1 2 3 ( )

GO. A rtidc Date:
a, Month ( b. Issue Number __( i

(

c. Volume ( d. Page ( ) c. Year

81. Title of Article:

( )

82. What is the total number of authors? ( )

83. Print name of first author (last name, first name, middle initial)
( )

84. Print first author's title (Professor, Director of Research, etc.)
( )

85. Institutional affiliation or place of business of all authors:

a. Affiliation codes of all authors (circle all applicable at the time

article w;is written)
Federal government (U.S. )
State or local government (U.S.)
Educational Institution (QS.) .

1

2
3

Other non-profit institution (U. ) 4 ( )

Industrial/commercial institution (U.S.) 5

Foreign
6

Other (specify)
7

No affiliations given
8

86, Is first author's (current) address given?

Yes 1 No 2 (Co to 688 ) (

87. First author's current address:

.Departrnent or division:
)

Institution or place of business:

Street Address:
C )

City, State, Zip Code, Country:
)

88, Is a fundin; source identified by name for the research reported In this article?

Yes 1 No 2.(Go to 1190 )

89. a. flow many funding sources arc identified? 1 2 3 4 5 or morc (

b. Circle the funding source code for (!ach funding source, using the

following code: 1.=Fudera! government, 2,-staze or local government,

3,-industrial/commercial 4,edueational institatiotu4,

5r-other non-profit ir,stitutions, 6.o:her or un::nown.

First funding source I 2 3 4 5 6 ( )

Second funding source 1 2 3 4 5 6 ( )

Third (unding source 1 2 3 4 5 6 ( )

Fourth funding source 1 2 3 4 5 6 (
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90, Is a contract or r rant Timber (e.g., NCT 21-025-00(j) identified for the
research reported isk thii a rticle?

Yes 1 No 2 (Co to 5.92).

91, Write the contract or grant numbers which are mentioned, and cock the
federal funding source by referring to the federal agencies list in the instruc-
tions. If the funding agency is not federal, use the code number 99, and write
in thc name or the agency un the dotted line.

no. ) Code )

no. C ) Code C )

no. ( ) Code ( )

92. Date article received by journal: Month ( ) Year ( )

93. Total number of pages in article

.94. Graphics in this article and in non-article portions of this issue (excludipg
advertising). See instructions for definitions.

a. Line Drawings
Tables

c B/W half tones
d. B/W continuous tone
c. Color photographs

Graphics in this Article
no. of
graphics.

)

Graphics in this Issue

no. of
pages

no. of
graphics

no. of
pages

( ) ( ( )

( ( ) ( )

( ) ( ) ( )

( ). ( ) ( )

( ) ( ) ( )

95. Total number of pages of small tvne in this article
for graphics, references at end of article, etc.)

(footnotes, notes, labels

96. Total number of math or chemical formula inserts in this article:

97. Total number of lines of math or chemical formulas in this article: )

98. Numbe r or items in references/bibliography section of article:

a. Total number of items: )

b. Journal articles: )

e. Technical reports:
99. Sample journal a rticle from article's bibliography:

a.. Author(s) t )

b. A rticle title
t )

c.. Journal name t )

d. Volume I )Issue ( )page ( )Year ( )

1 oo Pages of advertising in this issue (including front ar.d back cover)

a.. Black and white advertising ( )

b. Color adve rtis ing ( )

c. Total pages of advertising (a + b) ( )

101. Number of pages in this issue not devoted to advertising or articles:
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APPENDIX VI

AUTHOR SURVEY PRETEST FORMS

VI.1 COVER LETTER

VI. 2 QUESTIONNAIRE

VI . 3 RESPONSE CARD
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,\

A MARKET FACTS,

\\ /

',110 Executive Boulevard, Rockville, Maryland 20852 (301)881-6766

CENTER FOR QUANTITATIVE SCIENC-ES

Dear Colleague:

The Center for Quantitative Sciences of Market Facts, Inc., is

investigating journal publishing practices and use between 1962 and 1974.

This is part of a larger effort to study the economic aspects of scientific

and technical information transfer. Your name was obtained from a sample

of journal articles published during that period. In order to estimate

trends in journal publishing costs, we observed a number of physical char-

acteristics of your journal article, such as length, number of graphs, for-

mulas, and other illustrations. In order to obtain additional information

relevant to scientific communication, we would appreciate a few moments of

your time to help us with the supplementary questions printed on the back

of this letter.

There are two groups of questions. The first applies to the article

which you wrote:

The second group of questions refers to an article unich you cited

in your article:

Please check your answers on the enclosed post-paid postcard. Of

course, individual responses will remain confidential. If you have any ques-

tions, please call Dennis McDonald collect at (301) 881-6766.

Thank you for your cooperation.

Sincerely,

Donald W. King
Director

5" 3 G
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VII.1 Revised Author Survey Cover Letter

'N
e

MARKET FACTS, :,110. Executive Boulevard. Rockville, tvil Wand 20852 (301)881-67136

CENTER FOR QUAI,niTATIVE SCIENCES

Dear Colleague:

The Center for Quantitative Sciences is studying journal publishing

practices and use between 1962 and 1974. This is part of a larger effort en-

titled "Statistical Indicators of Communication or Scientific and Technical

Information."

Your name was obtained from a sample of journal articles published

during that period. In order to estimate trends in journal publishing, we ob-

served a number of characteristics of your journal article, sudi as scientific

field of publication, extent of citation to and from the article, content of

the article and so on.

In order to obtain additional information relevant to scientific

communication, we would appreciate a few moments of your time to help us with

the supplementary questions printed on the back of this letter. We have pur-

posely kept the amount of information to a bare minimum which can be incorpor-

ated as parameters in a mathematical model.

There are two groups of questions. The first applies to the article

which you wrote:

The second group of questions refers to an article which you cited

in your article:

Please check your answers on the enclosed post-paid postcard. Of

course, individual responses will remain confidential. If you have any ques-

tions, plence call Dennis McDonald collect at (301) 881-6766.

If you would like a reference to our final report, please so indi-

cate on the card. Thank you for your cooperation.

Sincerely,

Donald W. King
Director
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NOV: Chocl,. your answern on the vncicred, post-1.01,1 rcturn v.e:tcar0. All ri.7.p.;n::ef. hr
eonfidenti-1. If you have any qu,:ntion!!, VcDonalci, collvet, 30)-83i-C7g).

r A ,

1. How many tires vas your crticle returned to you fon revisions, if at all? (Insert appropriate
number on card, zero if nonn)

2. How much did you your employer pay in page charges or tpccial fees to support journal
publication? (Insert nuher, zero if none)

3. How many reprints of your article have you obtained from the publisher? (Insert number,
zero if none)

h. Of these reprints, for how many did you pay? (Insert nur17er, zero if none)

5. How many reprint requests have you received for this article? (Insert nu7:ber, zero if none)

ABOUT VIP AP:ICLE YOU

6. When you first beca7e aware of this article, were you (circle appropriate response on card)

1. Doing a literature search for informaticn onthe article's topic or a related topic
2. Not doing a literature search for information on the article's topic or a related

topic
3. Don't remember

7.. To be more specific about the manrer in which you first became aware of this article, circle
the appropriate response on the card for the way in which you first found out about it:
(Circle response cn card)

1. Discovered while reading my own copy 8,
of the Journal issue in which it
appeared. 9.

2. Discovered while reading a Zihrary
copy of the..journal issue in which 10.
it appeared.

3. Discovered while reading a colleague's
or office ccpy of the Journal issue. 11.

h / received a preprint of this article
from the autkor, prior to its being
published. 12.

5. I obtained a pre.print of this article
from a colleague or co-worker.

6. I received e reprint of this article 11.

'without haVing requested it. 14.

7. I received a reprint of this article
from a colleague or co-wor7:er.

I was referred to this articIc by a
colleague or co-uorker.
I found it referred to in another article,
book, cr report.
Found in a search of printed indexes or
catalogs during the course of a literature
search.
Found in the output of a computerized
literature search of an automated retrieval
system.
Found in a current awareness list, or a
selective dicse7r:nazion of information list
(SDI).

Don't remember.
Other (pleace describe on card)

8. How did you obtain physical access to this article so that you could actually:read
(Circle response on card)

9. At

1. MY own issue of this journal.
2. A library's issue of thin journal

(loose issue or hound vcZa7=3).
3. A library's microfilm/microfiche

issue of this jo.,:rmal.
h. a colleague's or office copy of

this journal.
5. An office microfiZm/microf::che copy

of this journal.
6. A reprint of this article obtained

from the journal
7. A reprint of thin article obtained

from the aut7..or.

any time did you make a

it?

8. A reprint of this article obtained from a
colleague or office collection.

9. A prepr-fnt of this article obtained from the
author.

10. A preprint of this article obtained from a
collecgue or office collection.

11.- A photaccpy (ar Xerox copy) obtained from a
colleag:e or office collection.

12. I didn't have physical access to this article
or I was able to read only an abstract or
311=ary .

Don't remember.
14. Other (please describe on card).

copy of this article

1. No copy obtained.
2. Photocopy (Xerox copy) rade.
3. Copy rade from microf:Ilm rcEer-printer.
h. Other (please descrie nn ccrc2).

for ycurself? (circie response en card)

Olt I

raTERS C/ ea FEL.= (..W9 A.:7E 04:::5 79 E::7-1I:X.
r,
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[ ABOUT THE ARTICLE WHICH YCU CITED I

VU. 3 Reviscd Author Survey Response Card

Front

MARKET FACTS, INC.

P.O. BOX 6613

CHICAGO, ILLINOIS 60680

Check here to receive reference
to final report:0

FIRST CLASS
Pinuarr 32150

CHICAGO, ILL

mom
mmamms
mamma
mammaamps
mmmmm
sommmas
mmmmm
amasamm
momsmom
ammamm
mamma
mmmmm
momam
mammas
mammasdamsmoms
mamma
mmmmm
Immaams&mom
Mamma
Mamma

Back

I ALL RESPONSES ARE CONFID;ENTIAL I

[ ABOUT YOUR ARTICLE I

91211191 it 5DaTio
1. Number of times returned to you for revision.... ( 11 )

2. Page charges or special fees (to nearest $) ( 12-15)

3. Number of reprints you obtained (16-19)
Ii. How many reprints you paid for (20-23)

5. How many reprint requests you've received (24-27)

6. When first became avare of this article: 1 2

7. Way in which you first found out about the article:
3 ( 28 1

..1 2 3 4 5 6 7 8 9 10 11 12 13 14 ( 29W. ).

8. How you obtained physical access to the article:

2 2 3 4 5 6 7 8 9 10 11 12 13 14 ( 30 )

9. Did you make or obtain a copy of this article?

1 2 3 4 5 6 7 8 5 4 2
( 31 )

r
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APPENDIX VIII

RESEARCH DOCUMENT TRACKING EXPERIMENT
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VIII.1 Report Literature

This experiment aftempted to track the report literature generated

from research projects registered with the Smithsonian Science Information

Exchange (SSIE).

A sample of approximately 50 research projects in each of the nine

WS fields of science in each of the four fiscal years 1966, 1968, 1970 and

1972 was drawn from the SSIE historical files. These projects were then used

to search the NTIS file for reports generated as a result of the research.

The data obtaiaed and the problems encountered are discussed below.

VIII.2 SSIE System

The basic record in the SSIE System is a single page Notice of

Research Project (NRP), which contains essential information about individual

projects. Following is a list of the essential data elements which can be

foune on the NRP.

Supporting organization

Grant or contract number

o Performing organization name and address

Name, department and specialty of the principal investigator

Names of co-investigators

Project title

Period covered by the NEP

a Funding level

o In most cases, a 200-word technical description of the project

VI11.3 Sample Selection From SSIE

Artwu-stage sampling procedure was necessary to obtain data on the

approximately 1800 projects (50 contracts in nine fields for four years from

SSIE).
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In the first stage, SSIE ran searches of the FY 1966, 1968, 197

and 1972 files. For each year, four searches were run, by combining two or

three NSF fields of science in each search. The resulting listing contained

approximately 1,000 research contracts for each search. The listing identi-

fied the scientific field of each entry. The combination of fields eere

selected so that there would be a minimum of chance of picking up two docu-

ments indexed under both fields.

From these listings, approximately 50 items were randomly seleted

per field. For those contract numbers to be included in Lhe sample (1811),

an effort to obtain a copy of the SSTE's NRP for each contract number

made.

VIII.3.1 Problems Encountered

The first problem encountered was that in searching SSIE's files

some of the NRPs could not be found and others that were found were not legi-

ble; a total of 139 NRPs fell into this category. Removing these 139 con-

tracts from the sample meant an eight percent reduction in our sample size

(the original sample included 1811, the revised sample included 1672).

The second problem encountered was that for the 1672 NRPs that were

located in SSIE files not all of the

there were missing contract numbers,

covered, etc. According to the SSIE

Services, this essential information

essential information was included; e.g.,

project titles, funding, time period

pamphlet entitled Research Information

"is recorded as it is provided by

supporting organizations" (131). Since this data is provided on a voluntary

basis and SSIE does not verify each data element, errors in data and omissions

of data were found to exist.

With respect to this portion of the study, the most essential informa-

tion needed was the contract number. The NRP does not have a place on the form

entitled "Contract Number". There is a block entitled "Agency Number" which

was supposed to be used as the contract number block; however, most often

this block did contain some sort of ca..,.ency number rather than a contract number.
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If SSIE had verified this one data element alone (contract number),

the task of tracing a project from SSIE to NTIS would have been much easier

and the data obtained much more reliable.

VIII.4 NTIS Search

The data from the 16 NRPs was then recorded on coding forms, key-

punched, and a master printout made to facilitate the search of the NTIS files.

VIII.4.1 Contract Number Search

It was clear that the most efficient and accurate search would be

.by contract number, as opposed to an author or subject search. By searching

by contract number, we felt we could obtain the total number of reports

generated by each contract and the dates these reports were received by NTIS.

However, due to the following problems this procedure did not provide the re-

sults expected.

VIII.4.1.1 Project Exclusions From Sample

Approximately 58 percent of the sample projects had to be excluded

from the contract number search for one of the following reasons.

1. No contrAct number ,;;iven for project on NRP.

If contract number given, it was not reliable,
i.e., number was missig a suffix, prefix or was
other than a true contract number (approximately
43 percent of total sample).

2, Both NTIS and the Agriculture Department felt that
contracts that were non-Federal or Agricultural
would be unlikely to appear in the NTIS listings;
therefore, these were excluded from sample
(approximately 15 percent of total sample).

As a result of these contract number problems the sample was re-

duced from 1672 to 708 projects. These 708 contract numbers represented num-

bers thouglIt to be accurate and complete. However, another stipulation upon

searching the NTIS files was that contract numbers had to have all spaces,

5 G
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hyphens, etc., in the correct place, or NTIS could not make a match. There-

fore, the contract numbers were searched for manually by Market Facts per-

sonnel, in an effort to look up each contract number in a variety of formats

(with or without dashes, suffixes, etc.). Of the 708 contract numbers, 21

percent (150) produced related report information. Though this number seems

low, it is higher than could have been expected from an NTIS automated search,

because of the matching problem.

Therefore, of our representative sample of 1672 projects, only nine

percent of this sample produced reports located in NTIS holdings. A more de-

tailed analysis and the results of the contract number search appears in a

later portion of this section.

VII1.4.2 Author Search

Having obtained such a low response to the contract number search

(mainly due to excluding 58 percent of sample) a search by principal investi-
*

gator and other co-investigators was undertaken in order to see if Vetter

results could be obtained. This task required Market Facts personnel to

manually search through each volume of the Government Reports Index (GRI),

Personal Author Index (56) for the years 1966 through 1974 inclusive, by

individual author/co-authors.

VIII.4.2.1 Problems Encountered

From the initiation of this task, it was known that it would be

difficult to match the titles of p-7..ts given on the SSIEs NRPs to report

titles referenced on t:he GRI. Th: Yrst difficulty was that the Personal

Author Index of the GRI did not relate report titles to contract numbers;

therefore, there was no reliable w,v to verify GR1 titles with the sample

project titles on the NRP. Secondly, the NRP project titles were most often

general in scope, which made it difficult to match titles. Thirdly, since

contract numbers were not available in the author index, and since authors

tend to work in the same or related scientific areas, it was impossible to

Hereafter referred ,. author search.
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know if a report appearing in the 1974 GRI which had a similar title to the

project on the 1966 or any year NRP, was in fact a result of that NRP project

or another project not in a sample on which the author had participated.

Fourth, since the length of the contract and funding were often omitted from

the NRP, it was also impossible to know if a report written three, five, or

even eight years after the project was initiated could realistically pertain

to that project.

Therefore, the results of this search, which are presented shortly,

are most likely an overestimate of the true probability of locating a project

in NT1S, due to the problems just mentioned.

VIII.5 NTIS Search

VIII.5.1 Contract Number Search - Results

VIII.5.1.1 Number of Contract Numbers Found

A search by contract number of the NTIS holdings was the first search

to be run. Certain contracts were excluded in the search (58 percent of sample)

for the reasons cited earlier. The remaining 42 percent (708 contracts) were

included in the search with the following results.

Table VIII.1 presents, by scientific field, the percent of projects

searched for and percent of projects found in NTIS. Of the 708 contracts

searched for in NTIS holdings, 150 contracts were found or 21 percent of those

projects searched for were found. These 150 contracts constitute only nine

percent of the total contracts in the sample (1667).

Fields 1, 2, and 3 (Physical Sciences, Mathematics and Computer

Sciences respectively) contained the greatest percent of projects which had

contract numbers which could be searched for: from 55 percent to 60 percent

of these projects had full, legible, Federal, non-Agriculture contract num-

bers. Fields 6 and 8 (Life Science and Social Science) had the lowest percent

of projects with appropriate contract number data (24% and 29%).
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Table VIII.1: CONTIM NUMBER SEARCH: PERCENT OF

CONTRACTS FOUND, BY FIELD OF SCIENCE

Field of Science

Total Number

of Contracts

in Sample

Total Number

of Contracts

included in

Search

Contracts

included an

Percent of

Total

(Z)

Total Number

of Contracts

Found

Contract

Found as

Percent of

Total Sample

(%

Contracts Found as

Percent of Contracts

included in Search

(.2)

Physical Sciences 168 112 60 29 15 25

Mathematics 196 112 57 32 16 29

4s

tri

Computer Sciences 195 107 55 27 14 25

Environmental Science 184 72 39 20 11 26

Engineering 185 75 41 14 a 19

Life Sciences 187 45 24 6 3 13

Psychology 193 67 35 4 2 6

Social Sciences 200 58 29 9 5 16

Other Sciences 144 60 42 9 6 15

Mean 186 79 42 17 9 21

SOURCE: Document Tracking Study, Market Facts, Inc., Center for Quantitative Sciences.
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Fields 1, 2, 1 ,rzd 4 (Field 4 being Environmental Sciences) pro-

duced the best ,:-.sults with respect to contract numbers found: from 25 per-

cent to 29 percent of these contracts were found. Field 7 (Psychology) pro-

dueEd the wekest response: only six percent of these contract numbers were

fouad that -,,cre searched for. Fields 5, 6, 8 and 9 had percents ranging

from 13 percent to 19 percent for contracts found. The overall average of

contracts found was 21 percent.

VIII.5.1.2 Number of Reports Found

During the Contract Number Search, it was discovered that three

contracts (affecting four projects in Field 1 and one project in Field 5)

generated between 1,100 to 2,900 reports each. A query to NTIS concerning

these large numbers of reports and meager funding allocation per contract re-

sulted in NTIS forwarding to our office a list of contract numbers which were

to be considered as general use contracts, and should be deleted from the

sample. Therefore, since these three contracts appeared on the NTIS List,

they were deleted from our tabulations concerning "Numbers of Reports Found"

in order to arrive at a more accurate and meaningful analysis.

Table VIII.2 contains the results of the Reports Found analysis.

The mean number of reports found per field ;,7as 282.3 (Range: 6S-757), with

an average of 18.4 (Range: 7.5-35.8) reports found per contract. Fields 2

and 3 had the largest overall number of reports found (757 and 619 respectively).

However, Field 6 and 9, with only 215 and 232 reports found, had the highest

number of reports found per project found (35.8 and 25.8 respectively) with

Field 2 and 3 following, having had 23.6 and 22.9 reports found per project

found.

The range for the number of reports found per contract number is

included in Table VIII.3.

r"-
;:)
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Table VIII.2: NTIS CONTRACT NUMBER SEARCH:
NUMBER OF REPORTS FOUND

Field of Science

.

Total
Number of
Contracts
in Sample

184

196

195

184

184

187

193

200

144

1,667

185.2

187

Number of
Contracts

Found

25

32

27

20

13

6

4

9

9

145

16.1

13

Number of
Reports
Found

187

757

619

260

121

215

82

68

232

2,541

282.3

215

Number of
Reports per
Contract
Found

7.5

23.6

22.9

13.0

9.3

35.8

20.5

7.6

25.8

18.4

20.5

Physical Sciences . . .

Mathematics

Computer Sciences . .

Environmental Sciences

Engineering

Life Sciences

Psychology

Social Sciences

Other Sciences

Total

Mean per field

Median

SOURCE: Document Tracking Study, Market Facts, Inc., Center for Quantitative

Sciences.
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Table VIII.3: RANGE FOR NUMBER OF REPORTS FOUND PER CONTRACT NUMBER

Field Number

Ranbe

1 2 3 4 5 6 7 8 9

1-46 1-277 1-277 1-185 1-36 1-112. 1-74 1-55 1-135

VIII.5.1.3 Number of Reports Found By Year

The contract number search by year produced the total number of

reports that were generated subsequent to the year the contract was awarded.

Therefore, total numbers of reports for 1966 projects include all those re-

ports generated during 1966 through 1974; 1968 projects include reports

generated 1968 through 1974; and so on. An expectation was that 1966 pro-

jects would yield the greatest number of reports and also the greatest ratio

of reports per project; 1968 would yield the next greatest totals, etc. How-

ever, due to the following factors this eXpectation was not fulfilled.

a. There has been a strong tendency in recent years for
the U.S. Government to require the registering of docu-

ments at NTIS in recent years. Thus, greater numbers
of reports and projects could be expcted to appear in
later years.

b. Also, more contractors are submitting project reports
to NTIS voluntarily in recent years.

c. As previously stated, because of the illegibility or

lack of contract numbers on certain projects or the

probability that a certain group (agriculture) of

contract numbers were not usually included in NTIS

holdings, certain projects could not even be in-

cluded in the search (about 58 percent of projects

were excluded). An assumption was made that the
remaining 42 percent of the contract numbers were
valid and complete, since it was difficult to ascer-
tain whether a contract number was, in fact, complete"

and accurate. Contract numbers that were obviously
missing prefixes or suffixes were deleted if pre-
fixes could not be added. Some partial contract
numbers may have been searched for since we were
not aware of the fact that they were incomplete.

460
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Table VIII.4 presents the results of the search by year. Column 1

presents the number of projects in the sample; Column 2, the number of projects

searched; Column 3, the number of projects found; Column 4, the number of re-

ports found; Column 5, the percent of projects found (Column 3 I- Column 1);

Column 6, the number of reports found per project found (Column 4 t Column 3).

The average number of reports found per year was 610.5, the range by

year was 234 (for 1966 contracts) to 1254 (for 1968 contracts). The average

number of reports found per project was 16.3; ranging from 7.3 (for 1966 and

1970 projects) to 28.5 (for 1968 projects). However, as can be seen below on

Table VIII.5, the individual range per field for the four sample years varied

even more.

Table VIII.5: RANGE FOR NUMBER OF REPORTS FOUND PER YEAR

Year of
Contract Award

Range of Number of Reports Found
Per Contract Number (Project)

1966 1 - 67

1968 1 - 277 '-

1970 1 - 74

1972 1 - 185

As can be seen from the range data, on an individual contract number

basis, as many as 277 reports were found associated with one contract number;

ti..cis finding was not rare and, therefore, these numbers of reports cannot be

discarded as unusual or as non-representative of the number of reports that

are generated as a result of.a contract award. As was to be 2xpected, the mode

was one (1) for the number of reports found for each contract number.

From the Contract Number Ser;r2h; it was not possible to identify the

time lapse from initiation of contract t appearance of first report in NTIS,

since this data was not recorded in the NTIS Contract Number Listing as such.

The NTIS Contract File consisted of contract numbers with the number of reports

listed after the appropriate contract numbers. The time lapse information is

contained in the Author Search section of this Chapter.
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Table VIII.4: CONTRACT NUMBER SEARCH: REPORTS FOUND, BY YEAR OF PROJECT

Year

1 2 3 4 5 6
Total Number

of Projects

in Sample

Number of

Projects

Searched

Number of

Projects

Found

Numher of

Reports

Found

Percentage of

Projects Found to

Number in Semple

(%)

Number

of Reports

Found Per

Project Found

1966 408 162 32 234 7.8 7.3

1968 398 190 44 1,254 11.0 28.5

1970 427 178 40 292 9.4 7.3

1972 434 178 34 662 7.8 19.5

Total 1,667 708 150 2,442 MI%

Mean Per Year 416.8 177.0 37.5 610.5 9.0 16.3

Median Per Yeer . . 417.5 178.0 37.0 477.0 8.6 13.4

SOURCE: Document Trecking Study, Market Facts, Inc., Center for Quantitative Sciences.
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It was apparent from the Contract Number Search/Year Data (Table VIII-4)

that it can be expected that nine percent of contracts awarded will have docu-

mentation appearing in NTIS. This percent is on the lower side of the

spectrum in that it takes into account the circumstances that prevailed on our

sample of data, i.e., illegible or no contract numbers to search for, which

automatically eliminated projects from search process.

A more optimistic outlook is that 21.2 percent of the projects were

found out of those contract numbers that could be included in the search (42

percent of the total sample was included in search). Therefore, it should Le

expected that approximately 21 percent cf Feder 1 contracts initiated (exclud-

ing agriculture) will generate reports appearing in NTIS.

VIII.5.2 Author Search - Results

As discussed previously, an author search was conducted by a manual

search of the GRI for the years 1966 through 1974 inclusive. Following are

the results of that search.

Of the 1667 sample projects, 431 were located by the author search,

or 26 percent of the sample. These 431 projects produced 928 reports or 2.2

reports per project. Table VIII.6 includes the number of reports per project

for each field.

Table VIII.6: NUMBER OF REPORTS PER PROJECT

Reports/
Project

Field

1 2 3 4 5 6 7 8 9 Mean

2.6 2.2 2.6 1.9 2.0 2.1 1.9 1.6 1.6 2.2

VIII.5.2.1 Field Analysis

By the nine fields, there was an average of 103.1 reports found

per fielc, the range being 42 - 194. Again, fields 1, 2 and 3 produced the

greatest numbers of reports: 166, 153 and 194 respectively. Fields 7, 8

and 9 had the lowest numbers of reports: 42, 50 and 46 respectively.
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Table VIII.7 relates the sample years with the total number of reports

subsequent to the year the project was initiated.

Table VIII.7: TOTAL NUMBER OF REPORTS FOUND AFTER CONTRACT INITIATED

Total Number of Reports
Year Project From Year Project

Initiated Initiated Through 1974

1966 242

1968 285

1S70 194

1972 207

From Table VIII.7, it is apparent that the -1 number of reports

is slightly greater for the earlier years than for ter years. This was

to be expected since a project initiated in 1966 had eight years in which to

produce related reports, while a project in 1972 only had a two-year time span;

thus the total number of reports are lower for a 1972 project than a 1966

project. The reduction in the reports from year-to-year is not as great as

anticipated; however, this can --)robably be explained by the increase in NTIS

coverage in recent years. Also, the Federal Government is requesting that

more government contracts submit reports to NTIS.

VIII.5.2.2 Time Lapse

An anallysis of the time lapse from initiation of contract/grant to

appearance of first report in NTIS was attempted. This analysis did produce

one meaningful result -- the number of projects and reports in a three-year

span after initiation of contract increased significantly for each of the

sample years. See Table VIII.8.
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Table VIII.8: PROJECTS FOUND ',1ITHIN THREE YEARS AFTER INITIATION OF CONTRACT

Year Project
Iniated

Total Number of Projects
Found From Initiation of
Proiect Through Year Span

Total Number of
Projects in

Sample

1966 40 408

1968 73 398

1970 83 427

1972 116 434

312 1667

This increase from year to year may be explained by one or both of

the following reasons: (1) NTIS has been expanding its coverage to include

additional agencies each year; (2) the Federal Government is encouraging that

contractors submit reports to NTIS, thereby increasing coverage in NTIS. Thus,

it can be expected that a proje t from a more current year will have a better

chance of being located thL_ an e _LLer project.

VIII.6 Comnari,;(rn of Results From Contract Number Search and Author Search

From FiF,ure it can be seen that more contracts were found by

the Author SErch th by the Contract Search. This can be explained by two

factors. The ContraLt Search only included 42 percent of the sample while the

Author Search included close to 100 percent of the sample. Therefore, the

Contract Number Search should be considered at a low estimate. Furthermore,

contracts were (ilsidered as found under the Author Search if the title in the

GRI closely resembled the title on the NRP. However, often the NRP title was

too general to allow exclusion of a specific GRI title that referred to the

same subject. For this reason the author search numbers could be considered

as a high estimate. On the other hand, a corporate author or agency search

was not conducted since it was known that additional problems would arise:

such as whether corporate authors !were those listed as such on NRP, or whether

the report came out issued under a subcontractor or the funding agency. Such

a search would have provided additional contracts found which were referenr.ed

by corporate/agency author and not by personal author. Thus, the author search
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could also be considered a low estimate since this additional corporate search

could not be conducted.

Figure VIII.). PERCENT OF CONTRACTS mum) IN NTIS BY AUTHOR AND BY CONTRACT

NUMBER SEARCH

8
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DAuthor Search
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Search

1.6.1 Number of Reports Found

FILD OF SCIENCE

77i

The total number of reports found by Author and Contract Search for

field are presented in Figure VIII.2. The con-ract number search is

idered to present the most reliable data, since this search included all

rts pertaining to a specific contract. The author 7,.r2arch only tracked

5- 6
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down reports which include those authors listed on the NRP, thus ex-

clud:;n6 reports that came out under a corporate author or an author not listed

on NRP.

Figure NUMBER OF REPORTS FOUND IN NTIS BY AUTHOR AND CONTRACT SEARCH
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VIII.6.2 Tt_imber of R,corts Pcr Cract

Figure VIII.3 shows L'ne comparison of number of reports per contract'

for the author and cLintract numbc:r search. Again, the contract numbel lata

was considered to be the most reliable for the same reaons stated earlier.

(i
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Figure VIII. 3 NUMBER OF REPORTS FOUND TN NTTS PER CONTRACT NUMBER BY AUTHOR
AND CONTRACT SEARCH
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VIII.6.3 Individual Yield
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Froru Figures VITI.1, "ITT.2 and VIII.3 it is evidc-nt that fields 1,

2 aad 3 had the highest number or contioacts :-ound by either search; the high-

es:: total nuTlber of reports foul,d; and the highest number of reports per con-

t;:lc.t found.

Therefore, it is oncluded that work performed relating to a project

pertaininz to one of these three fields (Physical ScienceF. Mathematics or

Computc:r Scies) has a 7-eater ch,7.nce of resu]tilig in a -eport format after

being submitted to NTIS than vork dr:me in the other field6...
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VIII.7 Conclusion

It was fou 1 that due to increased NTIS coverage and the Government's

requesting contractor to submit reports to NTIS, reports from contracts let in

most recent years have a better chance of being located in the NTIS holdings.

VIII.8 Recommendations

One strong defect in the SSIE's process became evident immediately

and hindered obtaining accurate rsults thtough this phase of the study. This

flaw is that SSIE does not require as,2ncics cr corporations to submit complete

and accurate information pertin,nt to contracts to be recorded on the NRP.

SSIE dr not require this presently becau, information is provided to

them on a voluntary basis by Tt is, therefore,

difficult to set requirements fr, scr.et:Ii, :one volantanLiy. It is recommended

that SSIE establish a fon- campaLgn which FspecLf4.f:,i1y involves verifying

that the contract nurlbr L=.(curate and com;lete; this includes verifying

that dashes and spaces in the correct i.lace sincq NTIL. cannot search con
tract numbers unless ccutract m_mber a-ppe,?..s exactly iL i:he form they re
ceive it. By v-rifying rh:s oL1-2 1:t.:s.2 of information the results

obtained from searching '"ID2 files wo,_Lo significaatiy.
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