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In the series of studies summarized here and in Part 1, published last week, we used counts of papers,
citations to them, paper lengths, numbers of authors, their affiliations, and other data obtained mostly
by scanning large numbers of papers, all for the purpose of exploring commonly held ideas about
science. This is applied to astronomy. These facts challenge impressions that people have about such
things as a scientist’s most productive years, the partiality of peer reviews, the tendency for Americans
to ignore foreign papers, the effectiveness of telescopes of various sizes, and many others.

Paper Rejection Rates in Astronomy and
Other Sciences

The final rejection rates for papers submit-
ted to the three general American astronom-
ical journals is very low, namely, 10 per-
cent.! In contrast, Harriet Zuckerman and
Robert K. Merton, Columbia University,
New York, who surveyed 83 journals in
14 fields, found rates of 20-90 percent.2
Are the referees and editors of astronomical
journals uniformly and unusually soft?

Not so. But there are two effects occur-
ring to cause the low rejection rates in
astronomy. One is called ‘‘journal hop-
ping,”’ which rarely occurs in astronomy
because there are so few journals. In fact,
of the 10 percent of papers rejected, 7 per-
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cent were never published anywhere and
only the remaining 3 percent appeared in
conference proceedings and other journals.
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Figure 1: The relation between the mean numbers of
references per paper and their normalized lengths. The
key (lower right) identifies the five American astro-
nomical journals. Each point is an average of about
40 papers and has a statistical error of about 2.2
references. The straight line is a least-squares fit to
all the points except for the longest Publications of the
Astronomical Society of the Pacific papers and those
two for the Astrophysical Journal Supplement Series.
The remaining 14 points fit the line within 1 o.
(Courtesy of the Publications of the Astronomical
Society of the Pacific. See reference 4.)
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In contrast, Stephen Lock, editor, British
Medical Journal, studying practices in
medicine, quotes colleagues who do not
even bother to revise a manuscript in the
light of a referee’s comments until they have
received rejections from three journals.3
His study of the British Medical Journal
showed that 79 percent of the submissions
were rejected, but 73 percent were eventually
published elsewhere and only 20 percent had
been revised in the process. Thus only 6 per-
cent were never published, just as with the
astronomical journals. But we prefer the
astronomical system in which 95 percent of
the accepted papers are revised by varying
amounts and therefore improved in accuracy,
clarity, or strength in the process.

The second factor causing different rejec-
tion rates is that, as Zuckerman and Mer-
ton found, the observational sciences (math,
chemistry, biology, physics, geology) had
rejection rates of 20-50 percent whereas the
humanities and social -sciences (history,
literature, philosophy, sociology) had rejec-
tion rates of 78-90 percent.2 In astronomy

we expect referees to give factual objections
to publication (e.g., equation [1] is wrong
because...; this result has already been
published by...; this contradicts the results
by..., and those should be discussed; the
authors are inconsistent in that....), rather
than a pure value judgment.

We suspect that in the observational sci-
ences the rates of eventual publication some-
where are not very different but that in
astronomy the authors tend to revise their
manuscripts to achieve referee acceptance,
rather than to submit the original manuscript
elsewhere.

Citation Rates in Astronomy and
Other Sciences

One person told me that, in his joint
physics-astronomy department, when can-
didates are proposed for faculty positions or
promotions, as soon as astronomers men-
tion citation totals for their candidates, they
are told that ‘‘astronomers put more ref-
erences in their papers, so of course their
citation rates are higher.’’ Do astronomers
put more references in their papers than do
other scientists?

We explored this in five American astro-
nomical journals, three foreign astronomical
journals, and five American journals in
physics, chemistry, and geophysics.4 We
quickly found that the average number of
references in papers forms a tight and unique
dependence on paper length. Long papers
have more references than short papers. In
fact, if [R] is the meannumber of references
in a paper of mean length [P] where P is
counted in 1,000-word pages, then [R] =
9.9 + 2.18 [P]. That is, a paper averages
about 10 references plus 2.2 for each page.

This is shown in Figure 1 for the five
domestic American astronomical journals.
We grouped the papers in each journal by
length in bins indicated by similar symbols
in Figure 1, e.g., the five As (for the Astro-
physical Journal) represent the 20 percent
shortest papers, the next 20 percent by
length, etc., to the 20 percent longest. For
the two journals representing only short
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Figure 2: The relation between the average numbers of
references and paper lengths for three non-American
astronomical jourmals identified in the key. The
straight line is taken from Figure 1 for the American
astronomical journals. The data points fit within 2 o.
(Courtesy of the Publications of the Astronomical
Society of the Pacific. See reference 4.)
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Figure 3: The relation between average numbers of
references and paper lengths for five physics, chem-
istry, and geophysics journals identified in the key.
The line is taken from Figure 1 for the American
astronomical journals. Most of the data points fit the
line except those for Inorganic Chemistry are 2.3 o
high and for the Journal of Geophysical Research are
2.6 o low. (Courtesy of the Publications of the Astro-
nomical Society of the Pacific. See reference 4.)
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papers (Astrophysical Journal Letters) and
long papers (Astrophysical Journal Supple-
ment Series), only two bins were used for

each. The data points fall on a well-defined
line with two exceptions: the longest papers
in the Publications of the Astronomical
Society of the Pacific are mostly review
papers that tend to have more references
than the average research paper, and the
Supplement Series papers represent many
compilations of data and tend to have fewer
references for their lengths.

The same thing was done for the foreign
astronomical journals, and Figure 2 shows
those results with the same line taken from
Figure 1. Finally, Figure 3 shows the results
for the five journals in physics, chemistry,
and geophysics together with the same line
taken from Figure 1. All show that the data
points fit the same curve within statistical
accuracy.

In conclusion, nearly all journals average
the same number of references per 1,000-
word page! The difference between astron-
omy and physics papers is, then, that the
former are longer. If, as is the editorial
policy of most journals, longer papers must
have their greater lengths justified by more
or more important results, the more impor-
tant papers average more references, regard-
less of the field of science.

Do Americans, More So Than Gthers,
Tend to Ignore Papers from Other
Countries?

Europeans often complain that Americans
ignore their published work, and I have
heard Americans make similar complaints
about Europeans. In a rapidly growing field,
where it becomes increasingly difficult to
read and to be aware of all the papers pub-
lished in one’s own specialty, there is prob-
ably some truth in both complaints, although
referees frequently point out overlooked
papers in original submissions. But is one
nationality more guilty of myopia than
others?

We surveyed nine English-language astro-
nomical journals that are general in content,
i.e., not limited to special fields.5 Of those,
three are American and one each are from
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Figure 4: The fractions of non-American papers in the
Astrophysical Journal are ploted as a function of time.
The data points and error bars are based on an average
of 414 papers per point. The sloped line is a least-
squares fit. (Courtesy of the Publications of the Astro-
nomical Society of the Pacific. See reference 8.)
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Europe, the UK, the USSR (in translation),
Mexico, Japan, and India. In a statistically
significant sample of each, we counted the
numbers of references to each of the nine
journals plus ‘‘others’’ (all other.publica-
tions). The numbers were converted to per-
centages.

We found that, in each case but one
(Astrophysical Journal), the papers in a jour-
nal cited papers in the same journal more
often than other journals cited that journal.
For instance, 21.5 percent of the references
in the European journal were to papers in
that journal, but the other eight journals cited
the European journal only an average of 8.8
percent of the time, indicating an excessive
self-citation rate of 12.7 percent. For the
British journal, the excessive self-citation
rate was 10.1 percent, for the Soviet jour-
nal 11.7 percent, and for the three American
journals, 5.6 to 9.5 percent. The only low
self-citation rates occurred for two relative-
ly new journals, which could not refer very
often to their own papers.

Of course, part of these excessive self-
citation rates are justified because one-
quarter of the papers in most of these jour-
nals are partly or totally by foreign authors,
and each journal, albeit general, tends to be
the international choice for papers on cer-
tain topics. Nevertheless, we conclude that
all nationalities are guilty of some degree

of myopia and that Americans are, if any-
thing, slightly less guilty of that than other
nationalities, perhaps because they tend to
have more complete libraries.

Trends in Astronomical Papers

Finally, let us describe various trends in
astronomical papers during this century. A
comparison of these trends for astronomy
with other sciences will be the subject of a
separate paper. Some of these trends are un-
doubtedly common to other fields, but some
seem surprising.

The total American literature, as repre-
sented by its three major general journals,
was constant in content per year from the
turn of the century until World War II;
thereafter it has grown to date at a logarith-
mic rate with a factor of 2.4 increase per
decade or a doubling time of 7.8 years.6

The average lengths of papers, counted
in 1,000-word pages, was also constant at
3 pages from the turn of the century until
World War II and then increased steadily
to the current 11 pages.

At the same time, the fraction of papers
that occupied less than one 1,000-word page
decreased from 42 percent of the papers
early in the century to the current less than
1 percent. There is little evidence in astron-
omy of a disease called ‘‘the least publish-
able unit.”’

The number of authors per paper varied
from 1.1 early in the century to the current
3.2. At the same time, the fraction of single-
authored papers decreased from 90 percent
early in the century to the current 10 percent.

The fraction of astronomical papers that
are primarily theoretical increased from 5
percent early in the century to the current
45 percent, indicating a maturing of this
science.

A surprising result is the sudden increase
in papers from abroad. We distinguished
three kinds of papers: those with purely
American affiliations, those with purely
foreign affiliations (frorn one or more coun-
tries), and the mixed American-foreign
authorships. For statistical counting we
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called the last “‘half foreign,’’ regardless of
the individual ratios between foreign and
American authors.

From early in this century until the early
1970s, a steady 11 percent of the papers were
foreign, and they were generally purely
foreign.”.8 Starting in the early 1970s (see
Figure 4), the foreign input increased by 1.1
percent per year to the current 30 percent.
Moreover, by the 1980s the mixed author-
ships outnumbered the purely foreign ones.

We then looked at journals from the UK
and Europe and found the same results:
papers from outside the British Com-
monwealth or from outside Europe, respec-
tively, were constant at about 10 percent un-
til the early 1970s and then increased with
the same slope to the current 35 percent. Not
only are authors publishing in journals
published outside their own countries, but

about one-quarter of the astronomical papers
worldwide are the result of international
collaborations.

The reasons for this sudden interna-
tionalization of the astronomical literature
are several: (1) the growth of research in
developing countries, (2) the desire of
astronomers to publish in the major journals,
(3) the availability of foreign currency in
developed countries to fund page charges,
(4) the occurrence of international meetings
in which researchers with similar interests
meet and decide to collaborate, and
(5) astronomers usually build observatories
at the best sites, which are often in foreign
countries, so travel abroad and collabora-
tions become frequent.

Are international collaborations becom-
ing prevalent in other sciences?
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