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Mapping the Output of Topical Searches in
the Web of Knowledge and the
Case of Watson-Crick

Eugene Garfield, A.l. Pudovkin and V.I. Istomin

HistCite™ is a system that generates
chronological maps of subject (topical)
collections resulting from searches of the
Institute for Scientific Information Web
of Science® (WoS) or Science Citation
Index, Social Sciences Citation Index,
and Arts and Humanities Citation Index
on CD-ROM.  WoS export files are
created in which all cited references for
source documents are captured. These
bibliographic collections are processed
by HistCite, which generates
chronological tables as well as
historiographs that highlight the most-
cited works in and outside the collection.
Articles citing the 1953 primordial
Watson-Crick paper on the structure of
DNA will be used as a demonstration.
Real-time dynamic genealogical
historiographs will be shown. HistCite™
also includes a module for detecting and
editing errors or variations in cited
references. Export files of five thousand
or more records are

processed in minutes on a PC. Ideally
the system will be used to help the
searcher quickly identify the most
significant work on a topic and enable
the searcher to trace its year-by-year
historical development.

The HistCite™ system resulted from a
long-term needs assessment of users of
bibliographic databases. Librarians and
users need to identify the key works on a
particular subject, while scholars and
editors desire rapid historical reviews of
new topics. HistCite is designed to
satisfy both of these requirements,
whether for reference service or in
writing review articles or historical
introductions to new manuscripts. It uses
a visual data-mining method based on
the analysis of citation links between
various documents in an academic
library, making it appropriate as a topic
for bibliomining.
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HISTORY

Even before the advent of the Science
Citation Index (SC1), the use of citation
data was discussed in the 1964 report

“The Use of Citation Data in Writing
the History of Science.”' This included
a higtoriograph that sketched the
history of DNA from Gregor Mendel
in 1865 to Marshall Nirenberg in 1961,
through various stages including
Avery-McCleod-McCarty in 1944,
through Watson-Crick in 1953. Flow
charts of the papers were created man-
ually, based solely on the references
cited in a set of core source papers
identified in a book by Isaac Asimov
on the genetic code. This gave rise to
speculation on the potential use of
citation indexes for historiography.’
Similar maps were later created by
Tony Cawkell?

In an information retrieval course
taught at the University of Penn-
sylvania Moore School of Electrical
Engineering, students were required
to create similar topical histori-
ographs. It was belleved that these
historiographs would aid in studying
the contemporary history of science.
Since history and bibliography were
intimately linked, the term “historio-
bibliography” was coined.!

A frequent topic of discussion
during the DNA mapping project
was the idea of writing computer
programs that would create such
maps directly from the electronic files
of SCI. There was a possibility that
this would require random access to
ISI's massive files so that cited and
citing documents could be retricved
in real time. In the 1960s, however,
low-cost gigabyte memorics were
still a drcam. The implementation of
real-time mapping had to wait for the
time when computer memories were
large and cheap enough to handle
retrospective files covering many
decades of literature. Though the PC
had not yet come along, online
searches were posgible in the 1970s;
mapping in real time, however, was
still not feasible. Only very recently,
when PCs could handle the output of
a completely linked large file of thou-
sands of records, did the crcation of
historiographs in real time become
feasible.
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There have been many different
types of mapping exercises per-
formed on a relatively small scale. In
the past, co-citation clustering
required mainframe computers and,
in most cases, still does.* These ideas
were later extended to creating small
cluster maps online as in the SciMap
system developed by Small at ISI. In
that system, a starting paper is used
to seed the creation of a co-citation
cluster map.* In spite of the many
mapping and visualization reports in
the literature, none were applied to
the creation of historiographs.
Further, none of the many authors on
co-citation mapping considered the
potential significant relationship
between historical displays and the
need of reference librarians and users
to evaluate the output of literature
searches with such sources as SCI,
Medline, or Chemical Abstracts.

Until quite recently, the authors
thought of creating historiographs
primarily by seeding one or two pri-
mordial papers. SCI on CD-ROM was
used to trace forward in time papers
that had cited the starting papers.
This is the essence of the now tradi-
tional cited-reference search. Since
the basic purpose of a historiograph
is to display the chronological devel-
opment of a topic or field year by year
from the earliest papers to the most
recent, the annual SCI was searched
in the same way. Once the initial
group of citing papers was identified,
further cited-reference searches were
donc on them, a process sometimes
called citation chaining. This process
was iterated for as many years of the
literature as was necessary, as will be
illustrated later in this paper in dis-
cussing of the work of Watson and
Crick.

HistCite Program

In HistCite, two types of frequency
are distinguished—local citation
score (LCS) and global citation score
(GCS). LCS (or frequency) is the num-
ber of times an item is cited in the
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retricved collection. The GCS is the
global score, the number of cites in
the ontire SCI/ Social Sciences
Citation Index (SSCI). The record for
cach source document contains both
its LCS and GCS. Once HistCite sorts
the papers by citation score, the user
will sclect a group cited above an
arbitrarily chosen threshold to be
mapped. If there are five hundred
source , then a 5 percent selec-
tion threshold would produce
twenty-five core papers. These core
papers should be of prime interest
especially to a searcher who is not
familiar with the subject matter
Ordinarily, one would examine this
core list first in reviewing a new topic.
The coordinates of these papers are
uscd to create a historiograph of the
topic that displays the papers and
their citation links chronologically.

Identifying Core Literatures

The authors initially assumed that the
search would begin with one primor-
dial paper. However, it became
apparent that groups of papers could
be fed in by one or more authors—
and by extension, larger clusters of
papers by institution or by key word.
Thus, the output of any conventional
search or a combination of citation
and key word searches could be input
to the system. Once the input bibliog-
raphy is created, the core papers on
the topic can be rapidly identified,

Outer References

HistCite aiso produces frequency-
ranked tables of outer references,
that is, cited papers and books that
fall outside the retrieved original
collection. These are works that do
not turn up in the original WoS
scarch but, significantly, are cited
frequently in the papers that are
retrieved. The searcher can examine
these candidate references and
decide whether to add them to the
initial collection.



Watson-Crick 1953
DNA Paper

Quter References Missing Links? Journal list Al-Author iist Citation Matrix Graphs HistCite Guide

Articles from 1953-1958 citing Watson and Crick's 1953 paper, "Molecular
Structure of DNA" and selected outer references

The following will illustrate the use
of HistCite in a truly historical map-

Nodes: 210
Sorted by year, journal, volume, page.

: : - Page 1: 1
ping exercise. This year marks the
ﬁf\:ie‘:h _anniversary of the WatSO'l:'l— : :;:::s Nodes / Authors GCS LCS
Crick discovery of the double helix St i
structure of DNA.” That 1953 paper 1 011 1944 JOURNAL OF EXPERIMENTAL MEDICINE 79()137-157 o2
ol it i s AVERY OT; MACLEON CM; MCCARTY M
Wastsea 1-canuucla Sed Teietence Studies on the Chemical Nature of the Substance Inducing
of SCI. The result of mapping the five Transformation of Pseumacoccal Types induction of
years from 1953 to 1958 can be seen Transtormation by a Deoxynibonticleic Acid Fraction lsolated
in figures 1 through 4. from Pneumacoccus Type Il
Figure 1 shows the usual Hist- ['2' 07 1952 JOURNAL OF GENERAL PHYSIOLOGY 36(1) 39-56 a4t un
: : HERSHEY AD; CHASE M
C;te table fox the i Hhavcitethe Independent Functions of Viral Protein and Nucleic Acid in
1953 Watson-Crick paper, with the Growth of Bactenophage
addition of a few of the key outer 3 2 % 1953 ACTA CRYSTALLOGRAPHICA 6(8-9):673.677 14 11
references for Avery and other FRANKLIN RE; GOSLING RG
papers.* The Structure of Sodium Thymonucleate Fibres .1. The
Figure 2 represents the table for influence of Water Content :
the 975 papers retrieved by virtue of 4 3 E ;iﬁNaKi?;ARGERY(SEESLIL?SSAI;;EICA 6(8-9).675-685 10 8
C]I_’: alnll‘]g glti\t;ons to ﬂ?ekZIE pap}f = The Structure of Sodium Thymonucheate Fibres .2. The
that cite atson-Crick. In Ot_ er | Cyiindrically Symmetrical Patterson Funclion . 1
worgis, these - slecond-gene_ratlpn 5 1'5 1953 ARCHIVES OF BIOCHEMISTRY AND BIOPHYSICS 46(1):12- 5[ 1|
citations to the citing papers in fig- : 17 l i
ure 1. . SMITH CL . o .
TN e n— I |The Breakdown of Desoxyribonucleic Acid Under Deuteron |
: and Electron Bombardment
of the twenty-two most-cited papers 6 2 & 1953 BIOCHEMICAL JOURNAL 55(5)774-782 57 &
5 . . . (5] 28 c 9] -7 a7 2
in the chglned indexed file can _be WYATT GR; COHEN SS
seen. Notice that there were nine The Bases of the Nucleic Acids of Some Bacterial and
highly cited papers in 1953. And in Animal Viruses - The Occurrence of 5-
1954, there are five. Using the typical Hydroxymethyicytosine _ - :
reference citation—that is, only 7 27 1953 COLD SPRING HARBOR SYMPOSIA ON QUANTITATIVE 61
thor, volume, page, and year—it i B
author, vo » page, b 5 | WATSON JD; CRICK FHC
not possible to differentiate the | ] {The Structure of Dna
month-by-month progression after 8 1 & 1953 COLD SPRING HARBOR SYMPOSIA ON QUANTITATIVE 5 4
the Watson-Crick paper of April BIOLOGY
1953. However, the HistCite system i{;\};:’!,fra‘ea
can take into account the cover dates The Quantitative Composition of Deoxypentose Nucleic
of the journals involved if they are ‘Acids As Related To the Newly Proposed Structure
included. 9 2§ 1953 COLD SPRING HARBOR SYMPOSIA ON QUANTITATIVE 13° 3

In a recent interview, James
Watson regretted that he had not
cited Avery et al. in the 1953 Nature
paper.’ However, this omission made
little difference in the HistCite algo-
rithmic mapping exercise. To empha-
size that link, a dotted line has been
inserted linking node #2 to node #27.

Figure 4 illustrates how the histo-
riograph changes not just year-
to-year but month-by-month. Un-
fortunately, the Institute for Scientific
Information Web of Science (WoS)

BIOLOGY 18(.171-183
LARK KG; ADAMS MH
The Stabiiitv of Phaaes As a Function of the lonic

Figure 1. HistCite Chronological Listing of Papers Citing Watson-Crick 1953

does not contain cover dates until
1985, so it was necessary to manually
insert in the export files the cover
dates for the few dozen papers
involved in this example.

Conclusion

The authors have described a tool
that permits the user to manage the
voluminous references produced in a
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Articles citing Watson and Crick’s 1953 paper, "Molecular Structure of DNA™, the
articles citing them (1953-1958), and selected outer references

Nodes: 975

comprehensive search of the litera-
ture. For those who are new to the
subject, the mere juxtaposition of the

most-cited papers for each five- or
ten-year period of the literature will
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use HistCite to produce a graphical GULLAND JM; JORDAN DO; TAYLOR HFW
view of citation data and can Deoxypentose Nucleic Acids .2. Electrometric Titration of the Acidic and
aid a patron in the identification of - the Basic Groups of the Deoxypentose Nucleic Acid of Calf Thymus .
critical works regarding a topic 7 317 1951 BIOCHEMICAL JOURNAL 48(5):584-590 276 63
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mic historiography, a paper on ﬂ’}lS aHERSHEY AD: GHASE M |
theme has been pubhshed ma SPeCIal | 5Independent Functions of Viral Protein and Nucleic Acid in Growth of !
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Society for Information Science and
Technology on “Visualization of
Scientific Paradigms.””

To learn more about HistCite
and see other examples, visit http://
garfield library.upenn.edu/histcomp.
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