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Data from the National Library of Medicine (NLM) automated Master
Serials System and its MEDLINE® database were used to chart the
growth of NLM's serials collection and of the journals indexed in
Index Medicusg from 1966 to 1985. The number of live serial titles in
the subset of NLM's collection examined increased 30% in the twenty
years. The average number of articles per Index Medicus journal
increased 56%. The average number of articles in U.S. Index Medicus
journals grew more rapidly than the average number in journals
published elsewhere. The NLM data provide clear evidence that the
years from 1966 to 1985 saw a substantial increase in the percentage
of the biomedical serial literature published in English. The period
from 1966 to 1985 saw substantial but uneven growth in the number
of serial titles in the NLM collection and in the average number of
articles in Index Medicus journals. Although data on the number of
articles published in Index Medicus journals is unlikely to reflect the
number of articles in other journals, the pattern of growth in the
number of serials held by NLM probably reflects trends in the
universe of all biomedical serials.

INTRODUCTION

In 1964, Orr and Leeds observed that "the holdings
of very few libraries can be considered as essentially
complete for any broad area of science; it is only such
'saturated' collections (e.g., NLM) that could be ex-
pected to grow at the same rate as the literature" [1].
In addition to having the only "saturated" collection
of biomedical literature, the National Library of Med-
icine (NLM) indexes many substantive journals to
produce MEDLINE ®, Index Medicus ®, and other on-
line bibliographic databases and publications. Per-
haps inevitably, data concerning the size and com-
position of the NLM collection and the journals NLM
indexes have therefore been used in many estimates
of the size, growth rate, geographic origin, and sub-
ject and language distribution of the biomedical jour-
nal or serial literature [2-6].
Despite their common reliance on data about NLM's

collection and indexing activities, the various studies
and their results are rarely comparable. This diver-
gence is due to variations in the definition of a bio-
medical journal or serial, in the inclusion or exclusion

of "living" and "dead" journals, and in comprehen-
siveness [7]. Such variations reflect differences in
availability of data at different time periods and to
different investigators, the necessary reliance on
cumbersome manual sampling or counting tech-
niques, and the inevitable place of subjective judg-
ment in categorization of journals or serials.
The purpose of this study was to determine how

NLM's serials collection and the journals indexed in
Index Medicus grew and changed between 1966 and
1985. A secondary objective was to assemble machine-
readable data on the size of the NLM serials collection
and of Index Medicus journals that could be updated
consistently in the future and made available to other
investigators. The study was prompted in part by an
observation made by Corning and Cummings in their
bicentennial essay on biomedical communication. In
looking at the SERLINEs data for the net number of
wholly "new" serial publications appearing each year
(i.e., excluding title changes and subtracting the num-
ber of titles that ceased), they commented that the
data "show a decline in new titles for 1973. Whether
this will in fact be a sustained decline, a trend toward
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a plateau, or an oscillation remains to be determined"
[8]. The data reported here show what actually hap-
pened after 1973.

METHODOLOGY

The sources of data for this study are the bibliographic
module of NLM's Master Serials System and the
MEDLINE database and its backfiles [9]. The Master
Serials System is a set of files used to control the
ordering, receipt, and processing of serial issues for
the NLM collection; to produce SERLINE, a publicly
searchable file of information on biomedical serials;
to build SERHOLDO, a file of serial holdings data for
more than 3,000 U.S. health sciences libraries [10];
and to generate a variety of serials publications. The
system, which uses the INQUIRE® database manage-
ment software, contains bibliographic data for vir-
tually every serial title in the NLM collection, in-
cluding those that have ceased publication.
When new serial titles are cataloged for the NLM

collection, they are assigned shelving location num-
bers, which begin with broad category designations.
For example, serial government documents are as-
signed shelving locations beginning with "W2," and
abstracting and indexing tools are assigned locations
beginning with "Z." More than half of the serials
NLM acquires are assigned shelving locations begin-
ning with "Wl." This category includes journals and
monographic series (e.g., Annual Review of Physiology,
Monographs in Population Biology) with substantive, in-
dexable articles as well as a relatively small number
of newsletters and annual reports of private organi-
zations. The "Wl" category excludes government
documents, abstracting and indexing tools, directo-
ries, most proceedings of international congresses,
and purely administrative publications of organiza-
tions. The serial title statistics in this study included
only the serial titles from the "Wl" category. A small
number of titles indexed for Index Medicus are not
classified in the "Wl" category and, therefore, are not
reflected in the serial title counts. However, articles
from these titles are reflected in the Index Medicus
article counts.
With the "Wl" classification as a basic parameter,

search strategies using the INQUIRE user command
language were developed to identify the number of
new titles and new publications for each decade from
the 1660s to the 1970s and the number of new titles,
wholly new publications, and ceased titles for each
year from 1966 to 1985. In this paper, "new titles"
includes both the publications that changed titles in
a particular year and those that appeared for the first
time during that year. "New publications" excludes
the title changes. "Ceased publications" includes only
those that were not continued in a new form or su-
perseded by another title. To identify the set of whol-

ly new publications, the search strategies excluded
records with certain text strings (e.g., "continues,"
"supersedes") in the bibliographic note field. In cases
where an existing title split into two or more titles,
none of the new titles was counted as a new publi-
cation. To identify the set of ceased publications,
search strategies excluded records with text strings
such as "continued by" or "superseded by" in the
bibliographic note field. Titles absorbed by other ti-
tles were counted as ceased. Information in the fields
designated for beginning year, ending year, country
of publication, and language also was used to prepare
the counts summarized in this paper.

Journals indexed for Index Medicus are a subset of
the journals indexed in MEDLINE, NLM's online da-
tabase of indexed citations to articles in selected bio-
medical journals. The article data used in this study
were restricted to Index Medicus journals because that
is the subset for which data are available for the entire
1966-1985 period. Counts of the number of articles
in Index Medicus journals were obtained by searching
MEDLINE and its backfiles. Counts of the total num-
ber of serial titles indexed in Index Medicus were taken
from the introductions to the List of Journals Indexed
in Index Medicus (LJI) for 1967 to 1985 and from an
actual count of the number of titles listed in the LJI
for 1966.
Counts of the number of U.S. titles indexed in Index

Medicus in each year from 1966 to 1985 were obtained
by reviewing the title listing by country that ap-
peared in each annual LJI. The average number of
articles per year was computed by dividing the total
number of articles indexed by the number of journals
indexed in that year.
Numbers derived from these various methods then

were entered into the Lotus 1-2-30 microcomputer
software package, from which the charts illustrating
this paper were generated.

LIMITATIONS OF THE DATA

Title counts

Delays in NLM's acquisition of new serial titles coufd
affect the results. This possible confounding factor
was minimized by ending the study with 1985 data
and by obtaining counts from NLM's Master Serials
System in January 1992. The assumption was that the
more than six years between 1992 and the end of 1985
were sufficient for NLM to have identified and ac-
quired most of the titles begun in 1985 that would
ever be added to the collection and for NLM to have
verified and recorded titles that ceased publication or
changed through 1985.
The validity of the new title counts also is depen-

dent on the consistency with which the "Wl" clas-
sification was assigned to publications initiated dur-
ing the period under study and on the lack of any
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significant NLM backlog of unclassified titles begun
in the relevant years. In fact, the NLM policy for
classifying these materials did not change in any per-
tinent way between 1966 and 1985. Unclassified titles
for the twenty-year period were reviewed, and data
for those belonging to the "Wl" category were in-
cluded in the results.
The success of the method used to distinguish

changes in title from wholly new publications is de-
pendent on the accuracy of NLM's identification of
relationships between new titles and previously pub-
lished ones and on the consistency of the terminology
used to describe these relationships in NLM biblio-
graphic records. There is no way to determine what
percentage of actual title changes was detected by
NLM staff and then described in the library's records
for serial publications. Anecdotal evidence suggests
that NLM may not have been very successful in iden-
tifying title changes that took place prior to 1960, but
there are no firm data on this point. As revealed in
an inspection of records for samples of titles assigned
to each category, title continuation information in
NLM's bibliographic records was expressed consis-
tently, and the search strategies used in this study
interpreted it with a high degree of accuracy.

Finally, the validity of the results depends on the
completeness, accuracy, and specificity of the infor-
mation in NLM's files regarding the beginning and
ending dates of serial publications. An examination
of these data in NLM's automated records revealed a
small number of titles with no beginning dates or
with dates specified only to the relevant century (e.g.,
"19??") and a significant number of pre-1960 titles
for which start dates were specified only to the rel-
evant decade (e.g., "194?"). Data on the specific years
and even decades in which titles ceased were very
incomplete for titles known to have ceased prior to
the mid-1960s. For these reasons, counts of new titles
and new publications are aggregated at the decade
level prior to 1966, as background to the more specific
data presented for 1966 to 1985. No attempt has been
made to count the number of ceased publications pri-
or to 1966, and, therefore, no data are presented for
the net gain in titles per year or decade for the pre-
1966 period. The few titles that began or ceased after
1965 but have beginning or ending dates specified
only to the nearest decade were excluded from the
year counts.

Article counts
The figures for the number of journals indexed and
the average number of articles per Index Medicus jour-
nal in each year are close approximations rather than
exact numbers. Because they were taken from the
introduction to the LJI, the title counts do not reflect
titles added or subtracted during the year and may

include some titles that yielded no indexable articles
in a particular year. The counts include a small num-
ber of selectively indexed publications, from which
NLM indexed only some articles published in any
given year. NLM gradually became more inclusive in
its indexing of letters, editorials, and articles from
selectively indexed journals during the time period
examined, but these categories account for only a small
percentage of the total articles in all of the years stud-
ied.
The figures for total articles and average number

of articles per year reflect the year of publication of
the articles, not the year NLM indexed the articles.
Because 1985 is the last year for which data are pre-
sented, the effect of any indexing delays should be
negligible.

RESULTS

Growth in the number of serial titles
Figure 1 shows the distribution by initial decade of
serials in the NLM collection that began publication
before 1850. Although the oldest serial title at NLM
began publication in 1665, the 1750s was the first
decade that yielded more than a few serials (i.e., twen-
ty-one publications). From the 1780s on, the number
of new titles per decade began to rise quickly, exhib-
iting a sharp spike in the first decade of the nine-
teenth century. It was also in the 1780s that the phe-
nomenon of title changes became more noticeable.
(The difference between the "new titles" and the "new
publications" bars on the graph is the number of
serials per decade that changed titles.) The 1840s, the
last decade shown in Figure 1, produced 417 wholly
new serial publications. Thus, the number of new
publications that appeared in the 1840s was nearly
twenty times greater than the number published in
the 1750s. The increase occurred very unevenly. The
percentage increase from decade to decade varied from
0% to 89%, excluding the spike at the start of the
nineteenth century.

Figure 2 illustrates the trend from the 1850s to the
1970s, using a substantially different scale than in
Figure 1 to accommodate the increasing numbers of
new titles per decade. With the exception of the de-
cade of World War I, the data show a significant over-
all increase in titles per decade from the 1850s to the
1940s. The number of wholly new publications per
decade was nearly ten times higher in the 1940s (4,495)
than in the 1850s (465). The rate of overall increase
for this 100 years was therefore about half of the rate
for 1750 to 1849. Again, the increase occurred very
unevenly.
The 1950s followed the pattern of the previous sev-

eral decades. NLM acquired 5,489 new publications
initiated during the 1950s, a 22% increase over the
1940s. The pattern changed in the 1960s, with the
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Figure 1
Serials in the NLM collection, by decade initiated (1 660s-1 840s)
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Figure 2
Serials in the NLM collection, by decade initiated (1 850s-1970s)
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number of new publications acquired by NLM de-
clining 6% from the 1950s level. In the 1970s, the
number of wholly new publications declined another
6%-the first two-decade decline since 1750. As the
number of new publications declined, the number
and percentage of title changes increased. The 1980s
are not included in Figure 2, because complete data
for the decade are not yet available. Preliminary 1980s
data indicate that the change from the 1970s will be
an increase of at least 20%.

Figures 1 and 2 provide general background for the
more specific data gathered for 1966 to 1985. Of the
"Wl" serial titles in the NLM collection, 10,591 ap-
pear to have been in publication in 1966. NLM's rec-
ords indicate that 13,780 titles were being published
in 1985, 30% more than in 1966. In 1966, 2,655 (25%)
of the "Wl" serial titles in the NLM collection were
published in the United States or its territories. In
that same year, 5,203 (49%) of the titles were pub-
lished entirely or partially in English. Twenty years
later, in 1985, U.S. publications accounted for 29% of
the current "Wi" serial titles, and 60% of the publi-
cations were entirely or partially in English.

Figure 3 illustrates how the 30% increase in the
"Wi" serial titles acquired by NLM occurred between
1966 and 1985. The number of new titles appearing
each year remained relatively constant throughout
the period, although peaking noticeably in the first
year of each decade and again in 1985. There is only
a 1.5% difference, for example, between the numbers
of new titles appearing in 1967 (719) and in 1984 (730).
The number of wholly new publications appearing
each year generally followed the trend of the new
titles, although the percentage of new titles that were
title changes was greater in the 1970s than in the late
1960s or early 1980s. The number of ceased publica-

tions per year increased gradually from 320 in 1966
to a high of 419 in 1973 and then generally declined
for the next ten years. Excluding the peaks in 1970
and 1980, the net annual increase in "Wi" serials
acquired by NLM declined overall from 174 in 1966
to 41 in 1973 and then gradually increased to a new
high of 379 in 1985.

Growth in the number of titles and
articles in Index Medicus
In 1966, NLM was indexing 2,282 titles for Index Medi-
cus. After a drop from 1966 to 1967 caused by the
decision to stop indexing about 200 foreign-language
titles, the number of Index Medicus titles remained
relatively steady from 1967 to 1973, reflecting a con-

Figure 3
New and ceased serials in the NLM collection, by year
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Figure 4
Average number of articles per Index Medicus title
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scious policy on the part of NLM. After 1973, this
policy changed and the total number of journals in-
dexed in Index Medicus was allowed to grow very
gradually. By 1985, the number of titles indexed in
Index Medicus had increased by 434 to a total of 2,716,
19% higher than in 1966. The percentage of titles
indexed that were published in the United States also
increased from 1966 (28%) to 1985 (35%).
The number of articles indexed was 73% higher in

1985 (286,469) compared to 1966 (165,255). In 1966,
32% of the articles came from U.S. titles, and 54% were
published in the English language. In 1985, U.S. titles
accounted for 41% of the articles, and 78% of the
articles were in English.

Because the number of articles in Index Medicus
increased more rapidly from 1966 to 1985 than did
the number of titles being indexed, the average num-
ber of articles per indexed title obviously was grow-
ing. Figure 4 illustrates this uneven growth. The over-
all increase during the twenty-year period was 56%,
from an average of 67.5 articles per title in 1966 to
an average of 105.5 articles per title in 1985. Although
the general trend is similar for U.S. and non-U.S.
titles, the average number of articles per U.S. title is
higher. The disparity between the overall number of
articles in U.S. and non-U.S. titles widened in 1971
and remained substantial through 1985. In 1985, the
average number of articles in U.S. indexed titles was
123.4, which was 27.7 articles or 29% more than the
average number for non-U.S. titles.

DISCUSSION

The data described in this paper indicate that 1966 to
1985 was a period of substantial but not explosive or
exponential increase in the volume of serial literature

acquired by NLM. The 56% increase from 1966 to 1985
in articles per Index Medicus title is unlikely to have
been reflected in the nonindexed titles in NLM's col-
lection. Even if this rate of increase did occur
throughout the collection, the resulting rise in the
total number of articles in the NLM collection still
would not qualify as exponential. By comparison, data
on the number of new serial publications published
from 1750 to 1959 and acquired by NLM appear to
reflect an exponential growth rate for that period,
although there are insufficient data on ceased pub-
lications and on increases in the number of articles
to draw a firm conclusion. In general, the NLM data
collected for this study appear to support De Solla
Price's seminal analysis of the growth of the scientific
literature, described as an initial period of exponen-
tial growth, followed by saturation and slowdown to
a steady rate of increase [11].

Data concerning NLM serial titles and indexed ar-
ticles offer conclusive proof that the percentage of
the world's biomedical literature being published in
the English language increased overall in the 1966 to
1985 period. Even if the growing numbers of U.S.
publications in the NLM collection and in Index Medi-
cus are due to variations in selection effectiveness or
policy, these factors do not account for the much larg-
er increase in the percentage of titles and articles
published in English from 1966 to 1985.
As first identified by Corning and Cummings, the

1970s were a period of particularly low net growth
in the number of serial titles in the NLM collection
[12], as well as a period of relative stability in the
number of articles published in Index Medicus jour-
nals. The 1970s also saw an unusually high number
of cessation and title changes in serials owned by
NLM. The title change phenomenon probably was
related to the increasing emphasis on publication in
English. In the 1970s, the titles of many serials ac-
quired by NLM changed from another language to
English.
The NLM serial title data indicate that biomedical

serial publishing activity is atypically high in the first
year of a decade and in the first decade of a new
century. Library managers should take this into ac-
count when projecting serials cataloging workload
and estimating shelf space required for serial vol-
umes. If past patterns hold true, then the arrival of
the new century will mean a hectic period for staff
engaged in serials processing and control. Of course,
it is possible that increasing reliance on alternative
publication formats (e.g., electronic publishing) will
make the near future very different from the recent
past.
An obvious question is whether the overall growth

in the NLM serials collection from 1966 to 1985 re-
flects an expansion of the entire universe of biomed-
ical serials during that period. Although there is no
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way of determining what percentage of all biomed-
ical serial publications initiated from 1966 to 1985 was
acquired by NLM, some pertinent information is
available. NLM has the largest collection of biomed-
ical serials in the world. The library collects materials
in all languages and in a broad range of fields related
to medicine and health, including dentistry, veteri-
nary medicine, basic biomedical sciences, and alter-
native therapies. In the period under study, NLM's
acquisition of new serial publications was not affected
by its budget; that is, the library was not forced to
exclude titles due to lack of funds. Between 1966 and
1985, NLM modified its collection development pol-
icy several times to reflect the expanding and chang-
ing boundaries of biomedical and health-related in-
formation. The figures for serials in the NLM
collection therefore include publications in newer
fields of study such as biotechnology, as well as new
serial publications in longstanding medical fields such
as surgery. As basic scientific disciplines produced
publications in subdisciplines specifically related to
medicine and health, NLM cut back on acquisition
of the general publications that previously had con-
tained some biomedical material. During the period
under study, the policy on acquisition of newsletters
became more restrictive, but the number of such pub-
lications acquired was probably not significant in any
of the years examined.
The results of past studies of NLM coverage of key

journals-in disciplines as varied as medical infor-
matics, medical behavioral science, immunology, pa-
leopathology, and gene sequencing-indicate that
NLM coverage of significant journals in biomedicine
and other health-related fields is close to compre-
hensive for the entire 1966-1985 period. The figures
presented in this paper, however, include other types
of publications, such as peripheral journals and some
newsletters. Inadvertent and undetected changes in
acquisition patterns for these materials could have an
effect on the numbers derived from NLM files. These
caveats aside, it is unlikely that the patterns of growth
in the universe of biomedical serial titles differed
substantially from the patterns of growth evident in
NLM's collection from 1966 to 1985.

In contrast, the article counts for Index Medicus titles
do not reflect the number of articles in the nonin-
dexed "WI" serial titles in the NLM collection. In
1957, Brodman and Taine found that the average
number of articles in titles indexed by NLM was 71.2,
and the average number of articles in nonindexed
but indexable titles received by NLM was only 46.9
[13]. The magnitude of this disparity is likely to have
persisted and even increased since 1957. Anecdotal
evidence suggests that from 1966 to 1985 the number
of articles per nonindexed title grew at a slower rate
than did the number of articles in indexed titles.
Therefore, the data presented in this paper should

not be used to estimate the percentage of published
papers in the NLM collection that NLM indexed dur-
ing the years studied. This limitation is particularly
important given the hundreds of non-Index Medicus
titles covered in various NLM databases that are not
reflected in the indexed article statistics reported here.

Potential research uses of the data

The data gathered for this study may be useful in the
investigation of a number of research questions re-
lated to the growth of the biomedical literature and
the scientific literature at large. Some examples fol-
low.
* Are the growth patterns in journals of other sci-
entific disciplines different from the patterns ob-
served in the biomedical literature acquired by NLM?
* If NLM's collection reflects the biomedical serial
literature as a whole, why were the 1970s a period of
particularly slow growth?
* Are growth patterns in specific biomedical fields
(e.g., molecular biology) significantly different from
those observed in the entire NLM "Wl" serials col-
lection and among all titles indexed in Index Medicus?
* How do growth patterns in NLM's collection and
in the articles indexed relate to increases in research
funding, in research activity, and in the number of
researchers in biomedical disciplines?
NLM intends to update the data reported in this study
from time to time and to make them freely available.

Implications for users of the biomedical literature

The data presented here are of little practical signif-
icance to the individual researcher or practitioner who
is interested, not in literature in the mass, but in
information on particular topics. Irrespective of the
relative rates of growth in the biomedical serial.lit-
erature or in the amount of that literature published
in English, there is likely to be a daunting amount
of literature relevant to any single research or practice
question-much of it duplicative and some of ques-
tionable value. This fact has not changed since 1966.
Keeping current in any field, no matter how special-
ized, remains difficult and time consuming. Devising
new and better ways to help users to identify, to
obtain quickly, and to synthesize information in the
literature pertinent to a particular problem must con-
tinue to be a priority for medical librarians.
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