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Ftneword.

-The indicators of scientific_and1echnical comnfunication-Pre-
rented in the following charts-arebased on research supported by_the
National Sciences Foundation's' Division of Sciena Information. Thit
report summarizes rledted findings `in graphic form and provides,a
broad overview, of the field: Details are available in three additional
volumes that..wiii be available kern NTIS in the near future.

Statistical indicator's of Scientific and ,Technical Com-
munication.,(1969-1980),197teditioni-

Review of Scientific and-Technical Numeric Data Base Ac-,
tivities. . .

Statistical Indicators of Scientific and Technical Um-
, munication Worldwide.

,

In the Third and final year of this effort, King Research,Inc. has
beilun to develoP a detailedmodel of 8&T communication in the United

'States. Comments onthis report or related detailed reports may be
useful in pursuing model building. Please direct aimmentSito Helene
Eberifield; Division of Information Science and Technology or directly
to Kihg Research; Inc;

Lee Burchinal
Former Director , .

Division of Scienbe Information
National Science Foundation

rik



The data summarized in thiS Chartbook are the resultof two years
. of research supported by the National Science Foundation. under coll-

treqt.number DI 75- 06942 "bevelopmpnt.pf Statistical .Indicators of
SCi 'tific and Technica1.0ornentinication:" When sources of data other

. 4han. ing.Fiesearchi Inc: are utilized; the. source is identified on the
chart. Unless otherwise stated; all, projections were made by King
Research, .Inc. 'Mare ort was prepared by Donald W. Kingi_Barbara L.

.andWood, .and Charles G. Schueller.- Any opinions; findings, and .

mnclusions express he in:are 'those of the,authors and do not
necessarily felled the v 5.0f the National Science Foundation.

.
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The tranSfe of scientific and:fechnical information is depicted as
.a spiral d9ntaini a sequence Offunctiorit performed, by groups_ of
participants: In this view, scientists and engineers are both tuithors and
end users of inform tion: Publishers; libraries, information centers, in
deking and absfracting serVitkes pertorfn the various functionStasSdci:
*led with. doCumentatidn, aisseminatiOn, bibliographic control,
storasie,_.and access:_ Although This mo'def 'applies particularly to the

'transfer of printed information, the Same furictions in combination, or by
reordering, also apply to 4ornmunication in micrographic and
electronic forms.

Figure 1
.

Scientific and technical'ioformation transfer model R.

(1)

The
Generation

Of
Knowledge

Recording

Role of Obraties
and \l`k.

SOURCIE: King Research. Inc:. 1977.



® Scientific and technial (S &T) communication costs grew from
$2 billion in 1960 to $10 billioh in 1975; Projected to 1986, S&T cora:
munication expenditures reach $16 billion. Not included in these costa
are substantial expenditures associated with the collection, storage
and use of numeric data bases: Fedifally .operated numeric data ac-
tivities alone would a0 Over $900 million dollars to the amounts ex-

,.
pended in 1975.

Between 1970 and 1975,iliT communications costs increased
70 percent; more than either the'GNP at 54 percent, or R&D fUnds at 33
percent.,Projections to 1980 indicate that S&T communication costs
will slovi to a 65 percent increase over 1975, while both the GNP (75
percent) and R&D funds (50 percent) will grow at increasing fates over
the previous five-year period;

Figure 2

S&T communication costs; in current ands:
constant dollars. (1960-1980)

1-

'16

. ,

1975 total- inciliding Wend
numeric data b-tuis

Projected

Gross natiOnalpreduct, research and development
kinds, and S&T communication costs;
In current dollars (19604980)

(Bilyorfo

3000

201+

1000

14
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8
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1980 1985 1970 1975
A

SOURCE: 6149 1960.1978. Economia Report of the President 1977; 1977-
1990._sased_on &eget of tear U. S., 1977; R&D Funds 1960-1977, National
Patterns NSF 77 -310: ,r .

1980
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In 1975, there were just over 2 million scientists and engineers in
the United States. Slightly more than half 11 .1 inilliOn) are ehgineers.
Life, social and physical scientists account -fOrabbut 10 percent each. .

The remainder in decreasing .numbers are computer scientists, osy:
chologists, mathematical, and environmental scientists. A net addition
of more than 50 thousand scientists arid:engineers is expected every
year through 1980.

When S&T communication costs are 4ivided.by the number of
scientists and engineers in each year;.it is. apparent that the inve.strrient
per scientist or engineer for S&T,cOmmoniCati n is steadily increas=
ing,-even in cOnstant11972) dollarS. VVhire=in I 60, this constant-dol-
lar amount was $2,500 per perSbn; by 1,976 it_ d grolnirilp $3,900.
This rise inconstant .dollars will increase to $4, 00 by 198p...

Figure 4

Estimated number of scientists
and engineers (1960 -1980)

Figure 6

$&T communication costs per scientist or engineer, ,
in current and constant dollars (1960-1980)

. 195
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At Costs of S&T communications havefirlSen steadily since 1960.
Curreht-dollar costs are expected to rise at a more rapid "rate between
1975 and 1980 thin preViOusly. Costs for the four fUnctional areas:.
lia4ii'also experienced a steady rise, with this trend expected to con=
tinuelhrough:1980; even in constant dollars. Use costs, the doMinaht
'functional area; are 'made up prairriarily of the cogs of the time spent by
scientists and engineers -inleading. Process and control includes_the
operad9ns of libraries; information centers, abstracting and indexing
services and "Similar activities. PUblication costs include all those
associated, With editing, publishing and subscription disitribution.
Authorship; like use is;largel a coat function comprised of scientists'
and engineers' time; but als includes staff andxeviewer support.

Figure 6

S&T communication costs by function,
in current dollars (1960-1980)

Figure 7

S&T communication costs by fundtiOn; in 1972
constant dollars (1960=1980)

0
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1;8
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/ Federal numeric data bases-
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in The expenditures associated with the use of
$ &T infoirnation account for the larges Propor-
tion of all S&T comniunidation Costs. :At $4.0
billion in 19754 "Use" amounted to 37 percent of:
total, expenditures. The next' most costly function
was process and controAwith $2.6 billion and 24
percent. Authprshipand publishing accounted for
more than $1.5 billion each in-the sarhe year.

Fig" 8 '

S&T communication costs by funCtion 1975
(billions of doliars)

Numeric Data Base

authorship
$1:6_
(15%)

Process &
Control
'$2.6
(24%)

. .

. . Periodical 'literature has maintained its'apProxitnate o'- thirds '-
share of SST communication cost§ since. 1960 and i ected to
continue to do.so, whenreaching $11 in 1980. B sappear to
be acae'unting for a .slightly decreasing share of tote coats: While
book costs have exceeded _25 percent of the total since 1960, by
1980_ they will account fIF only 22 percent. Reports and other:"
literature forms combined have not accounted far more than 8 percent
since 1 '966.

' Figure 0 ,-,
_

S&T communication cosh, by medium,
in cu nt dollars (1960-1980)

Figui:e0,

S&T communication costs by
constant dollars (1960.1980)



Ill Scientific and technical PdiodiCats:account Figure 11

for almost two-thirds o T co_att. While the .. S&T communication costspy rnedium,-.1975
,

. .
Icreation,_ handling and of .S&T periodierall (Billions dt dollars)

. ' cost almost $7 billion in 1 5, bookt,acfbunted . .

'for -less than half as much, $3 Million, The 'S,1 .

'billion for _all other. media was almost equally
divided between reporte and other forms; includ- !

. Other
$ts

(15%) ,ing patents and dissertitions.

.

111 S&T 'communication resource.expenditures attributed to scien-
tists and engirieers as both authors and users of information amounted
to $5.6 billion in 1975,1he largest pardon of yds amount wasior the
authorship and reading Of periodical articles. Total process and con-
froi function costs for S&T communication resources amounted to
$26 billion, and again over 60 percent is attributed to the handling' of
periodical literaturia. Books were -the second most costly medium
both cases, 25 percent for scientists and engineers; 35 percent for
process and control.

Figure '12
..

Scientists' share of S&T communication
costs, by medium,1975.
(Millions of d011ars)'

_

-Patent anti Reports
Dissertations °) t

Figure 13

Process and cgutrillIfiare of S&T
communication costs, by medium, 1975,
(Millions of dollars)

Reports Patents'4 Diasertations
120

(2°/0 (1%)

1310

$iaa
w
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, .
II The number of scientific and technical

periodical titres increased, 25 percent between'
1960 and 1970.'GroWth has slowed somewhat,

s". and number of titles Objected to 1980 Shows an
: .,' 18 :percent increase in the latter-debacle. Of the

several, kinds of periodicals, Journals predomi
nate: They accounted for 44 percent of S&T
peribdicals in 1960, 46 percent in 1970 and are
expected to exceed 50 percent by 198b. On the
average, each journal puptiehed seven issues in
1975, so that the number of issUes is greater than

. the number of book titles, althciugh it is still less ,..:

'than the numb r of technical reports. The numbsr i
Of book titles ncreased less than the number of
technical rep s. The number of book titles in-
creased dramaticalIT in the decade ending in
1970, 245 percent. This_ growth rate ie slowing
substantially, and for the decade following 197.0,
is projected at only 41 percent. .-

.

When the production of literature items is
'compared to the nuMbei of Scientists and
engineers, some types Of items show a fairly con-
stant rate of production since 1960, while others

'.- have changed substantially. Relatively level rates
have peen emerienced, for 'journal articles (be-
tween 140 and 160 'ter 1,000 scientists or

41' engineers) and 'patents (40-45 ber 1,000).
Slightly dAcreaSing rates were experienced. by ,

journals (about 2 per. thouSand scientists or ,

. engineers) and Periodicals (4-5. pet- 1,000). In-
creasing rates have occurred for books, disserta- -,..

tions and. technical repocts. Production of these '
items has risen faster than has the number oft
scientists orengineers.

Pigure 14'

Numbrof U.S. S&T lite
by medium (1960-1980)

. Technical
Repo

10
Books

1960 . 1965 1970 1975 1980

For Figure 14
'

Source- The Bowker-Annual of Library and:Book Trade

tion§ stracts lntemalibnal (Dissertations, 1960-1974); King
Bowker Company, (Books. 1960-1974);Dissetta-

Research, Inc., 1977 (Jouynals, 1960-1980; All Others,
1978;1980); National Tebhnical Information Service (NTIS.
Reports, 960-194); Statistical Abstract (Patents,
1960-1974).

Figure.15

NUMb-41- of S&T literature'items per 1,000
scientists orengineers, by medium (1900=1980)
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Publication of S&T books has grown from 8,500 titles in 1960 to
almost 14,500 in 1975, with the fastest rate of growth-in the period'
1960-65, and'generalli'elowing growth rates in the 5-Year, periods
since: The estmate for number of titles in 1980 is 16,500.

Scientific' anzt:technicat WorksIn sooiology and economics pre-
.

dominate, When titles: are examined' diecipline, Science, 'medicine.
andiechno ,gy.alSo hive siibetaritiafshitit of 29):.t6 and 12 pepe_dt
res tych6logy and agriadthireare Wee:important in theit-
shar of,:boo titles with only ,).inei.g percent respectively

, 4

Figure 16

S&T liboic titles published (1960-1980)

figure 17

Distribution by subject of 14,400
S&T book. titles published in 1975

Agriculture

.Philosophy%Philosophy & Psycholagy .(2cA),

690
(5%)

'SOURCE: Based on The Bowker Annual, A. R. Boveker,
1976.



,
s

IN Appro._ mate!), three years elapses between the preparation of a.'i2i
book :manuscript and its final publication. Estimates of book genera:
tion rates or scientists and engineers, therefore, can be calculated by

\ dividing the number of S&T book titles published in &given year by the .

number of scientists and engineera_ three years- earlier. While rates
rose rapidly.between 1960 and 1964,-the rate has bbeillincre even
since then. -Almqst eight books were generated in 19,7$ fbr,-.avery
1,000 icientists or eggineers. -; .. :' --; '.' '-..- -* x,

In terms of 1'972 cintstarit -dditarre the priCe per bbok copy.
has remained fairly level since 1 ,with only slight Variations. The
current.dollar price has increased substantially since 197.3 and is ex.-.
peoteto continue this thriAigh 1980:The average S&T hoc* cost
$17 in 1975 and id projectbd to. cost $21' lin1980.

Allure 18

Number of S &T boolitltlespublished per
1i000 scientists or englneere, (1960-1980)

Projected
tr

Fig 14

Ave ge SAT book price; in current and
cons lit dollars (1960-1980)

Protected



1111 Pi [though the number of book titles has been increasing fairly on-
siatently 'since 1 911Cf, sales per title have generally decreased; v rag-
ing 1,900 to 1 975down from 3,40p in:1960. A drop, to 1;700_ b 1980
is anticipated. . . . ,

,The;rafa.Of pu aqedf scienceanifd engineer ng books peaked in
1978 at fq copies o (scientist orient veer 975ithisiklmbizir hail

e dfoliped below 14. if. this drop contin ; 1 0 the average number
of copies sold pal; sbientist orangFear. less than :1

Figure 20

S&T book co,pleasold
per tftW (1W.0 1980)

Pr9jected

Book Copies Per Title

1960 1965 1970 1975

SOURCE. Based pet The Bewker Annual, R. R. nowic;r
1961-1978.

1980

Figure 21

S&T books sold per scientist ,

(or engineer (1960-1980y

18
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I The Uniled States ispublishinga decreasing Share of the World's
SU periodicals. While U.& publishing accounted for 34 percent in
1960, it had decreased tol 7 percent by 975. Projections to 1 ppe in-
dicate *further decrease to 15 percent. . .

about half of the U.S. published S &T, periodicals.are jburnals. This
prdportion has remained, fairly stable: since 1960 The remaining-
periodicals inciudp trade publication* newsletters; etc. About half of
the journals are ''Scholarly JoUrhals," .a category which Includes the
primary-refereed S&T journals published in the United States;:

Figure 4 *k
NUmber of world and U; S. S&T periodicals
publishd(11980) A

1 .

Fjgure 23
, .

Numberof U. S. Sef perfodiexsals, jaurnals and
scholarly journals published (1960-1980)

1960 1965 1970 1975 .1980 -' 1960 1965, . 1970 1975 r 1980 J
1 'SOU ADE Baled on Gonechalk and Deantond,AmalcanDoetnnaniation.14:3, Unaand SOURDE:_Based__on -Davey and -Smith. UNESCO-Bulletin, 29:5,- fry and Whiti,WOod,,Joutrull of Daeumentallon. 31:4; Davey and Smith. UNESCOOulletin, 29:5. Economics and Interaction of the Publisher-Library Relationships; 1975.

4



Publishers of U.S. S&i. journals are mostly
hcientific associations; .commercial publishing
houses or educational Institution& Only 8 Per-
cent of U.S. journals are published by=a combina-
tion of Government agencies, irititistry and non-
pr- research aganizations. Although a sub-
stantia) proportion oall artigleg published result
from federa4ly-funded 'research activities, the

a. .--tovemment is not a primary publisher. of the
r. sulttng: artidlet, by# s the primary publisher-Of
technical reports .Whic result .frorn . the same
'research endeavor. .

'Figure

DiStribution by pubiisher lype of 4,200
U. S. S&T journals pOblished in 1975;

'Research/Non- Profit
Organizations
' 130 .

Ferleral . (3%) Industries and Co, . '
Government Agencies / /

. N..-- _ '.41%)

Annual institutional orice$ for U.S. S&T jour-
rigs are projected to continue, increasing at a
fairly stable rate thropfc1480;

Averagannual individual: subscription .

prices for U.S. St,T jdursils over'the same period
w increases siMilar to those, exptrjenced by

ins itutionat prices: In-1 .§7,5; institutional prices
averaged $30.47 and individual prices more than
$3.00 less at $27.20. =

. .

Figure 25

Average anntrat inditidaal and
irtstitutidnal subscriptionpTices for U: S.
S&T journals (19604980)

a



111Subsbribtions to SaTiournplscos(t less for indjviduals than for in,
stitutions h libranesalthpugh the difference!,enot great for all
fields; Mpr substantial iriubscription costs are observed

\between fi RIO:Physical science joUrbaleare the most costly and also
have the lergett differentebetweeri individuarand institutional prices.
Corwerseltjourpals in the;sociatsciences are the least costly and are

:,:almost idehticilly priced for individuals and Institutions..
; ;

.

-

Figure 26

AverageS&T journal subwription prices for individu 1§.filidinstitutions,by field, 197s

r>
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II The .aVerage number of subsCribers to an S&T journaf increased
only slightly between 1970 and 1972; Then rose more sharply. to 6;500.
in 1975. A c&ptinuation of thi%increhse will bring average_ subscriber
levels to over 7,p0 by 1980. CircUlation of S&T periodicals other
than journals is more than twice as large, 18,600 in 1975.

Circulation of both journals and other' periodicals_ varies cont-
siaerably by field.Forrilost fields,Iheevinage number of subsdribers
iSlower for journaltthtri for other types of Periodicals (trade pUbli-ce-
tionS, neWsletterayetcil, Sm'allest journal &ciliation la fritind in odie
sciences and PakchOlogy, largest in' computer sciences. For other
Periodicals; small_circulation occUra,in.paychOlogy and .the physical
'sciences; Engineering. and environmental sciences have. larger than
'average circulation fae,the.. other periodicals:Of the identified_ fields;
only computer scientists make 'more use of journals than 'of other
peOodicals. For all fields, the circulation of journals was only 35 per-
cent of Circulation oflother periodicals.

Figure 28

Average circulatton of S&T idurnals and other Periddfcals, by field, 1975

Figure 27

Number of subscribers per
S&T journal 0004980)

(Thousandsr
7.5

6.5

6.0

5.5

Subscribers=

1

A Projected .

0
1970 1975

SOURCE: Mashie!), N.Y. University.
1980



Since-1965, the average annual articles9er S&T journal has in-
creased from 66 to 78. Thus the increase in the number of journals has
yielded an even more rapid rise in the number Of articles: Between
1950 and 1970 the number of articlei rose only 33 percent. By 1980,
the increase over a decideis estimated at-100 percent.

in .1975 three- quarters of all jourrfal articles were .in four fields: .

:life; physical and social sciences and engineering. Life scienced alone
accounted for,- one-third.-

Figure 24

Numtwr of U. S. S&T journal
artiOWS (19611980)

Figure 30

Distribution of 327;000 S&T journal
articles; by field; 1915

Computer Sciences
4,900
(2%)

Mathematics
7,700
(2%)

PSyihology
12.400

Environmental
Sciences

14,700.,

,t
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The rate per scientist engineer at which journal art0Ies are
published has been increasing steadily' since the. mi6-1960's; a
change- from the downward. trend between 1960 and 1965. As. takes .
about ohs year for an _article to be Published,:th iis rate is by .

:- dividing articles Publishedipa current year by the number of scientists,
and_engineers in theprevious year.. n 1975, about 17 articles .were
published for every.100 scientists or engineers in the population. This
generation rati§ils _lower if only articles in US. S&T journals which are
:written by US. authors 'arcrconsidered. Although this lower rate; about

--:...:14-atticlea per 1 pp .sciantistwanglneers_in 1975, discounts thp
:pact of articles in U.S. joumafiby.forkigh EiOthara,:#4:16-eaifcirtakfinto';`:'-
account ariicies- by U.S.' authors;which appear in foreign journals'.:..

Figure 31

hkitilber -.Of U.S. S&T jour articles published per
iDO fetitisis or engineersT1960-1980)

kticles

Projected

Artitie
by

U. S. AllthorS

1970 11975 1980

16

22
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.111 vast_ majority of U.S. authors of S&T jcktimal articles
reported acadeinic affiliation:In the mathematical and social sciences .7
the proportiondf authors reporting academic affiliations exceeded 90
percent.. Computer -.science authors reported having the highestjno=
'portion Of industrial/Commercial affiliatiOns (435), detnobstrating the.
important role that computers play in private industry. Those fields
showing the !invest prOpoition of .induttrialicommercial affiliations

sociallcignCes,2%). are those least related to
research add devblopment linti inanotacfurinM,The higheit proportion
of feileitil ijoverninenf affiliations wire reported in the fields of en=
vironmOntal,adientes and enginberi4,(18%, white the lowest
reported irdcurred in soCiar sciences and -mathematics' (9%,'4%).. The.
mathematical and ,computer sciences ahOwed no authors reporting
"other" affiliations whiiethe larbestpropcirtIon of "other affiliations,

7 reported occurred in the lire sciences-115%). Thia it_likelY due to tihe,
large (thrill:ter of scientists Who are involved in medical p.rofessiOns and

.Work for research institutions and non-academic hoSOltSI*

Ylre 32

Distributionpj S&T journal articles by author's institutional
affiliation and field, 1975

Academics indUstrial/Commerciel 6iher



luarter cif authors cf StiTioumal artii les pay page
tial,differetiCes,,exist by discipline, will) more.tthan
endtnepring articled paying such .chstget. SOcial
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Over 95percent ef the 60,200 technical reports published thee.
Government Printing Office 'and the National Technical, Information
Service were processed by NTIS alone. An additional two percent
were publlihed throUffh GPO, and three percent were published:by
both organizations. . .

Copies of GPO reports have a vbstantially larger share in .dis-
tribution, as 45 percent of all copieg sold were_purchased through
GPO. While these sal-4 Were all paper copies,.NTIS sales were pre-

dominantly microfiche which totalled 42 percent of all copies sold;'

. ' t

Figure 35
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Figure 36

*80%000 coplei of technicali'epOrts
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I Selected types of librariek_ public; speeial, and academic;
lerally. increased in number onlYslightly between 1963 and 1973..
re &emetic grOwth in the population-Of special libraries, 110W-dyer,
:erred . between 1973 and 1976. While.no;expendltuie information
s available forlheie special. libraries; CorribirrateXperiditOtes .for
r comMunicalion by public,academicarid Federal ligraries4tioW a
ady increase since1.960;Curteht-dollat expenditures Will Contintili::

arliost the end of the 197Ors; although constant-dollar ex,
iditUres will leVel out somewhat

ire 37 t

>ifith In number of libraries, by selected
e (1960-1980)

Figure 38 a.

Growth in.S&T communication expenditures
by academic, publid andFederal libraries.
in current and constant dollarw(1960-1980)
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Libraries. were spending. ;increasing bon=
stant;ddllar amounts , on S&T inforthation per
scientist or engineer through about 1973, when
the mean cost began to droi:t: The scientist and,
engineer population for this_ graph intludes
science and engineering students enrolled for ad-
vanced degrees. Alternate projections for these
enrollments to ,=1 980 are calculated by_the Na=
tiOnal Science Founiiatioh, and the effects, of both
projections on Mean library expenditures result in
either' gi continuing decrease Or a return to in-
creasing eXpenditures per scientist or engineer.

Figure 39

Library S&T information expenditures
per U.S. scientist or engineer*,
in 1972 constant dollars (1940-1980)
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The creation of bibliographic data bases is the primary activity of

abstracting and indexing services. Of a total of 144 U.S. scientific and
teChnical data bases; 40 perCent are produced by private, non = profit
organizations. The Federal Government produces 34 percent. In terms
of annual input of data-base records, the non - profit sector is adding
more than government and hir-profit organizations combined. The
result, in terms of cumulative numberof records, is that the private
non-profit sector makes available half of the total, with the other half

..almost equally available from government or profit-making organila;
bons.

Figure 40

S &T bibliographic data bases; number, annual inot and
cumulative number,of records, by sector, 1975
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Al Federal investment in S&T. informatkin transfer .amounted to
almost $5 billion in 1975. Federal aiintilbutions represented over 40
percerft of the $16.9, billion total. The largest. proportion of theie
Federal resources41 percent; are attributed to the use of infonhation.
Federal libraries, Federal numeric data .activitiee:and. support for
authorship were the other main furiCtiOns included in Federal .experk.
ditures. The smaller amount forpublishing is consistent with the finding
that to a great extent the research supported byfederel Government
yields articles and books published by other sectors:.

FigureIti

Federal share of S&T.
communication costs, 1975
(Billions)

Figure 42c

Federal S&T communication costs
bylunction, 1975
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1111rWei$620 million Federal support for S&T authorship goes pr
madly for preparatiort of periodical articles. Thus federally-supporte
authorShip accounts for approximately 38 percent of all authorship.

The Federal support forail publication!, $1.90 rnillion in 1975, is
11 percent of S&T publications expenditures, and, doeiprimarily for
publication Of 'Periodicals.

Figpre 44

Federal support for S&T ptibildatiOn,
by medium; 1975 4- \

(Millions of dollars) 1190 million total

. Figure 43

Federal support for S&T authorship,
byinedium; 1975

(Millions of dollars) $620 million total
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