the 80-column IBM card. The number
of possible codes is 400!/4!396! = 10°.

A 20,000-card deck of master cards
was prepared, by machine methods, from
the first 5000 cards of a random-digit
deck obtained from the Rand Corpora-
tion. Each Rand card contains 50 ran-
dom digits. The first 48 digits were
divided into four equal groups; each such
group was used to produce a four-hole
pattern. For this purpose the group of
12 digits was subdivided into four three-
digit numbers, and each of these was in-
terpreted as a hole. Each three-digit
number not already in the range 000-399
was converted to one in that range; then
the number 238, for instance, was inter-
preted as “punch 8 in column 23” (card
column 40 was renamed 00).

To preserve the randomness, the con-
version was done as follows. Initial 4, 5,
6, 7 were replaced by 0, 1, 2, 3, respec-
tively; initial 8 by 0 or 1; initial 9 by
2 or 3. The approximately 8000 choices
between 0 and 1 were made at random,
by use of the 5000 random digits in col-
umn 49 of the Rand cards; the choices
between 2 and 3 were made by use of
column 50. The first 5000 of the 8000
choices were determined by whether a
digit was in the set 0, 1, 2, 3, 4 or in the
set 5, 6, 7, 8, 9. The remaining choices
were determined by whether a digit was
in the set 0, 1, 8, 9 or in the set 3, 4, 5,-6;
digits 2 and 7 were rejected.

The abstract cards are produced as fol-
lows. A scientist reads the printed ab-
stract and lists the attributes to be coded:
for example, solution, compressibility,
sodium, chloride. These are taken from
a standard list or, when necessary, added
to it. A machine operator does the rest.
Each attribute on the list has a serial
number, which is also punched on the
corresponding master card. Master cards
with the specified serial numbers are se-
lected by machine methods. For each
abstract, the codes are reproduced first
from the master cards to separate detail
cards, then from each detail card to the
next, until finally a single card contains
the superposed codes for all the attrib-
utes.

A search can be made as follows.
When n attributes have been specified,
the corresponding pattern of holes (4n
or fewer) is determined. The entire file
is put through the sorter once, to select
cards punched with a specified hole. The
selected cards (a small fraction of the
total) are put through again, to select
cards punched with a second specified
hole; and so on. A search can be made
with a single pass through a more elabo-
rate machine; but the sorter is fast and
inexpensive.

To test the coding and search proce-
dures, about 2500 abstracts, published by
the American Petroleum Institute, were
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indexed; 377 of these were converted
into abstract cards (4); 1700 attributes
were needed. The coding and punching
were done twice, independently, and the
cards were compared in the reproducer.
When two persons with different back-
grounds (chemistry and physics) indexed
independently and then compared, ab-
stracts were converted to cards at the
rate of 2.3 per man-hour. When only one
person indexed, the rate was 3.0 per
man-hour. One-word attributes worked
well. The work of coding and punching
additional attributes was outweighed by
the flexibility gained in indexing; new
concepts could be indexed more pre-
cisely.

Several trial searches were made with
the 377 cards. No difficulties emerged,
and in one search an abstract was found
that had been missed in the conventional
search. The file was too small to permit
reliable estimation of searching time.

Wirriam FUurLEr Brown, Jr.*

GLEN ONEAL, Jr.{

Sun Oil Company, Physical Laboratory,
Newtown Square, Pennsylvania
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Dangerous Dagger

Lately this laboratory received from
abroad a note of commiseration on the
sudden death of our distinguished direc-
tor, who, happily, is much alive. Misun-
derstanding apparently arose from the
heading of a published paper, where the
author’s name was followed by a dag-
ger (1).

On the continent of Europe the dagger
thus placed is almost universally under-
stood to indicate posthumous publication.
However, many American editors use it
for a footnote giving the author’s profes-
sional connection or other information.
This happens commonly when an aster-
isk follows the title. Would it be too revo-
lutionary to replace the dagger by some
other symbol or a double asterisk?

CHARLES F. RIcHTER
Seismological Laboratory,
Pasadena, California
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Subject Indexing in a
Restricted Field

Uriel H. Schoenbach’s letter on “Cita-
tion indexes for science” [Science 123, 61
(1956)] contains one of the best solu-
tions to the serious problem of assuring
efficient information retrieval from the
scientific literature. His suggestion that
existing  indexing techniques be greatly
expanded in order to cover all of the
significant aspects of scientific publica-
tions, instead of stressing only the “high-
lights,” is certainly very well taken and,
if implemented, would greatly facilitate
the more efficient communication of
data.

The Chemical-Biological Coordina-
tion Center of the National Academy
of Sciences—National Research Council
collects, abstracts, and codes information
concerning the effects of chemical com-
pounds upon biological systems (I).
These data are processed, stored, and
retrieved by the use of machine-sorted
punch cards. Publications to be ab-
stracted and coded are carefully exam-
ined by highly qualified scientists and
subjected to the sort of detailed and dis-
criminating indexing that Schoenbach
has in mind (2). As a result, there may
be as many as 20 separate approaches
(index entries) to a particular paper (3).

Recently, a Cardiovascular Literature
Project was set up at the CBCC, sup-
ported by research grant H-2045 of the
National Heart Institute, National Insti-
tutes of Health, U.S. Public Health Serv-
ice. One of the aims of this group is to
collect, index, and publish all the avail-
able information in the world literature
concerning the effects of chemical agents
upon the cardiovascular system.

The Current List of Medical Litera-
ture of the Armed Forces Medical Li-
brary performs an excellent and indis-
pensable service not only to the medical
community but to documentation as a
whole. The indexing and publication
techniques employed in the present un-
dertaking are based largely on similar
methods that have been evolved and
successfully used by the Current List. As
a result of the restricted subject matter
encompassed by the project, a much
more detailed type of indexing can be
employed. It is estimated that the “aver-
age” publication thus far examined by
us contains about ten index entries (4).

All chemical compounds tested for any
cardiovascular effect are separate index
subject headings (generic names and
Chemical Abstracts names are used).
For biological entities, a list of specific
subject headings, with ample cross-refer-
ences, similar to that compiled by the
Current List (5), but iu greater detail,
is used.

The published multi-indexed bibliog-
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raphy will appear as a series of separate
volumes, each covering a specific chron-
ological period. It is planned that the
first of these will encompass the world
literature from 1951 to 1955, inclusive.
The success of this undertaking should
provide practical confirmation of the
validity of Schoenbach’s observations.
Other alternatives exist, but it is difficult
to find a better practical solution to the
problems of adequate bibliographic con-
trol at the present stage of development
of documentation research.

Isaac D. WeLT
Cardiovascular Literature Project,
Chemical-Biological Coordination
Center, National Academy of Sciences—
National Research Council,

Washington, D.C.
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Age and Productivity
among Scientists

This paper is concerned with the out-
put of scientific papers among a group of
scientists all of whom reached the age
70 and many of whom lived to age 80
or beyond. Among the topics examined
are the following: What is the relative
Jproductivity -of a-scientist at various dec-
ades of ‘life? What percentage of his
total bibliography is produced by age
30, age 40, and so forth? How many con-
tributions are made during the additional
decade that is allotted to the octogen-
arians?

Because my bibliographic source pro-
vided data only for the 19th century, it
was necessary to choose for study scien-
tists whose adulthood fell entirely be-
tween 1800 and 1900. In order to obtain
subjects, I selected from the biographical
directory of Webster's New International
Encyclopedia, 1930 edition, each scientist

Table 1. Mean number of papers per
person per decade.

Decade 20’s 30’s 40’s 50’s 60’s 70’s
70-year

group 9.1 20.1 21.8 23.8 18.1
80-year

group 6.9 21.9 24,7 18.5 17.0 13.1
Combined

groups 8.1 20.7 22,9 21.9 17.7
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listed therein who lived to age 70 or be-
yond and whose years of life from age 20
onward fell between 1800 and 1900. This
procedure yielded the names of 156 sci-
entists. Of these, 100 lived to ages 70 to
79, inclusive, while 56 lived to ages 80
to 89. The few who survived to age 90
or beyond are not treated in this report.

The 156 subjects belonged to a variety
of scientific specialties. There were 17
astronomers, 24 chemists, 19 geologists,
17 mathematicians, 34 naturalists, 15
physiologists, and 20 physicists, while 10
fell into other categories or were difficult
to classify. In general they were eminent
men in their respective fields, and many
are universally famous.

For each subject, a count was made of
the number of his scientific publications
per decade of life as listed in the Catalog
of Scientific Literature, 1800-1900, pre-
pared by the Royal Society of London.
This catalog lists only papers published
in scientific journals and in the proceed-
ings of scientific societies. It does not list
other publications, such as books, letters
to editors, memorial addresses, obituaries,
popular writings, and so on. Thus we are
not dealing with complete bibliographies
but only with scientific periodical litera-
ture. It is believed, however, that the
major part of the bibliography of science
consists of this kind of publication.

For convenience, the group living to
ages 70 to 79 is called the 70-year group,
and the remainder is called the 80-year
group.

Table 1 shows the mean number of
papers published per man, per decade,
for each group and for the combined
groups. This table indicates that produc-
tivity between ages 20 and 29 is quite
low. The low productivity of this decade
is the result, in large part, of the very
low productivity between ages 20 and 24.
Of the 156 subjects, 96 did not begin to
publish until age 25 or later. However,
even the second half of the decade of the
20’s does not equal the record of later
productivity.

In the 30’s a high average rate of pro-
ductivity is reached, and this rate is
maintained for three decades. On the
whole, there is little change in mean out-
put of scientific articles between age 30
and age 59. The mean output of my sub-
jects during this period approximates two
publications per year. The rate of publi-
cation for the combined groups decreases
about 20 percent in the 60’s, and the 80-
year group shows a still further decline in
the 70’s, although an appreciable amount
of productivity is maintained. It will be
noted that the number of publications ap-
pearing in the 70’s is considerably higher
than the number in the 20’s.

Although the statements just made in-
dicate the general trends, there are, of
course, individual exceptions to these.
The range of productivity, within each

Table 2. Percentage of total output com-
pleted by various ages.

Age 30 40 50 60 70 80

70-year group 10 32 56 80 100
80-year group 7 28 52 70 87 100

decade, and over the total life span, is
great, even for this group of highly emi-
nent men. The distributions are skewed
to the left, resembling the upper end of
a normal distribution curve. Because of
the nature of the distributions, the usual
measures of variability are not appropri-
ate and, hence, are not presented.

Next, my data are treated so as to show
the proportion of the eventual bibliogra-
phy that is produced by the close of each
decade. In the figures that follow, it
should be noted that the bibliographies
of the 70-year group were closed at age
70 and those of the 80-year group at
age 80, as in Table 1. However, the per-
centages obtained would be only slightly
altered if we based them on bibliogra-
phies at death rather than at ages 70 and
80. The results obtained are shown in
Table 2. It will be observed that a very
small part of the lifework of these men
was completed by age 30. About one-
third of their publications had appeared
by age 40, It is notable that nearly one-
half of their output appeared after age
50.

Between ages 20 and 70 members of
the 70-year group produced a mean of
92.8 papers each. Between ages 20 and
80 the 80-year group published a mean
of 102.2 papers per person. This com-
parison suggests that, for a man of the
calibre with which we are dealing, an
additional decade of life beyond age 70
results in the production of approxi-
mately 10 scientific papers.

Another way to examine this problem
is to compare the record of the 80-year
group at age 70 with its own record at
age 80. Between age 70 and age 80, the
mean bibliography of the 80-year group
increased from 89.1 to 102.2, a gain of
13.1 papers.

In an earlier paper (1), correlations
between the degrees of productivity in
different decades were computed for two
groups of scientists living to age 70. The

Table 3. Correlations between degrees of
productivity of 56 octogenarians.

Age in Age in decades

decades 30°s 40°s 50°s 60s  70’s

20's .57 46 46 .35 .33

30’s 49 .50 .47 .55
40’s 80 .75 .62
50’s .65 .61
60’s .84

SCIENCE, VOL. 123



