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Abstract.

To better understand the topic of this colloquium, we have
created a series of databases related to knowledge domains
(dynamic systems [small world/Milgram], information
visualization [Tufte], co-citation [Small], bibliographic
coupling [Kessler], and scientometrics [Scientometrics]). I
have used a software package called HistCiteTM which
generates chronological maps of subject (topical) collections
resulting from searches of the ISI Web of Science1 or ISI
citation indexes (SCI, SSCI, and/or AHCI) on CD-ROM.
When a marked list is created on WoS, an export file is
created which contains all cited references for each source
document captured. These bibliographic collections, saved
as ASCII files, are processed by HistCite in order to generate
chronological and other tables as well as historiographs
which highlight the most-cited works in and outside the
collection. HistCite also includes a module for detecting and
editing errors or variations in cited references as well as a
vocabulary analyzer which generates both ranked word lists
and word pairs used in the collection. Ideally the system
will be used to help the searcher quickly identify the most
significant work on a topic and trace its year-by-year
historical development. In addition to the collections
mentioned above, historiographs based on collections of
papers that cite the Watson-Crick 1953 classic paper
identifying the helical structure of DNA were created. Both
year-by-year as well as month-by-month displays of papers
from 1953 to 1958 were necessary to highlight the
publication activity of those years.
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I was reluctant to accept Katy Borner’s invitation to
give this keynote talk since I had never heard the term
‘Knowledge Domains’ before. Furthermore, I am not an
expert on the subject of visualization. Her mispercep-
tion on that point was probably due to a paper I
recently published in the special issue of the Journal of
the American Society for Information Science and
Technology on visualization [1]. The issue editor,
Chaomei Chen of Drexel University, had roped me
into that contribution since he had heard about my
interest in mapping from colleagues Howard White
and Kate McCain at Drexel [2].

Over a period of several months, my staff worked
with Katy to identify various literature sub-sets she
perceived as being relevant to the knowledge domain
literature. To facilitate that process, we used a software
package still in development called HistCite. This
system has evolved over the past several years and
traces its roots to a project in 1964 conducted by me
and Irving Sher [3], who died several years ago, and
sponsored by Harold Wooster of the U.S. Air Force.
The uses of citation data in writing the history of
science, is available at my web page at www.eugen-
egarfield.org. We interested Wooster in the idea when
we completed our NIH-sponsored work on the Genet-
ics Citation Index project. The GCI eventually led to
publication of the 1961 volumes of the Science Citation
Index (SCI) in 1964. Sher and I had speculated on the
possibility that the cited references in scholarly papers
could be used to create topological maps of science. To
test this theory, we used Isaac Asimov’s book The
Genetic Code [4] as a model. Asimov, a professor of
biochemistry, better known as the prolific science
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fiction writer, identified the 40 key scientific events in
the development of DNA science from the time of
Gregor Mendel until the 1961 Nobel work of Marshall
Nirenberg at NIH. We used about 60 published papers
mentioned by Asimov to create a mini citation index
from the 1000 odd references they cited.

From these data we were able to draw the first
citation-based historiograph shown in Figure 1 (http://
garfield.library.upenn.edu/papers/finaloverlay.pdf).
Our interest in the graph theoretical aspects of citation
networks was further reflected in a thesis by Ralph
Garner at Drexel University in 1967 [5], an ISI
employee at that time.

Each box in this historiograph is a key event. The
colored connecting lines indicate various levels or
strengths of citation linkage. Two decades later, the
DNA project data were used as a model in a paper by
two social networks researchers at the University of
Pittsburgh, Norman P. Hummon and Patrick Doreian
[6]. Except for their work, the original idea was
basically ignored until a few years ago when my
long-time colleague, geneticist Alexander I. Pudovin,
and I discussed the possibility of reviving the original
idea of writing a program that would create historio-
graphs algorithmically. This led to the HistCiteTM

software described below. The process was first
publicly discussed at a University of Pittsburgh
conference [7] and then at the ASIST Annual Meeting
in November 2002 [8]. The ASIS&T paper includes,
among others, a HistCite analysis for ‘gene flow’, an
area in population genetics of interest to Pudovkin.
From those initial trials, the software has evolved to its
present form.

To create a topical HistCite collection, one must first
conduct a search of the ISI Web of Science1 or similar
database. In the following example a search was
conducted in the WoS for literature on the ‘Small
World’ problem, by using a combination of cited
reference search, that is, papers which cite Stanley
Milgram’s 1997 paper in Psychology Today, and a
general title word search on ‘Small World’. This led to
the creation of a marked list. (See Figure 2.) The arrows
indicate several of the variants we included to retrieve
about 160 citing papers.

Figure 3 shows one of the retrieved tagged records
in the ISI Export Format – a paper by Egghe and
Rousseau recently published in JASIST which cited
the Milgram 1967 paper. Once a marked list is created
from WoS, it can be exported as a text file in the ISI
Export Format. The address for the saved file is used
by the software to retrieve the relevant text file.

Within a few moments the system opens up a
chronological table.

The intial HistCite display is chronological and
alphabetical by journal (see Figure 4). The 1967
Milgram paper is the fourth one listed. On the right,
the Local Citation Score of 167 indicates how often it is
cited in the collection. The Global Citation Score of
148 is the count reported in WoS for the first variant as
shown in Figure 2. By adding the other variants in the
text file and rerunning the program, the LCS score
becomes 167.

Using the mouse, one can then proceed to view a
series of tables sorted by local or global citation score,
by journal, author, or ‘Outer References’. The journal
display in Figure 5 shows how this topic is dominated
by physics. This was not the case when Stanley
Milgram first published. A current examination of the
entries from 1967 to the 1990s shows this topic was
primarily of interest to psychologists and social
scientists. Then from about 1997, most of the literature
is dominated by physicists.

Figure 6 ranks authors by number of publications.
For example, early pioneers Manfred Kochen and
Stanley Milgram only appear as 27th and 31st. It also
includes the GCS and LCS totals. If the GCS sort key
were used, then Barabasi and Albert would move to the
top of the list.

The outer works in Figure 7 are not included in the
local collection because they have neither cited
Milgram nor have they used ‘Small World’ as a title
word. These cited references are outside the retrieved
collection. The sorted list of outer nodes is a virtual
citation index of everything cited by the papers in the
local or inner collection. The outer works will include
any papers or books cited whether or not they are
covered in WoS as sources. The full bibliographic data
for each item can be looked up by clicking on WoS.
This link takes one into the cited reference section of
WoS. Note that numbers 3, 5, 7, 8, and 10 are cited
books. To include them in the main collection and
historiograph, their text records would have to be
created manually. This would also be true for any cited
papers not included in WoS.

In the latest version of the software, it is also possible
to sort this file not only by citation frequency but also
by journal, author or year. In Figure 8, we see that 110
papers from Physical Review Letters have been cited by
77 of the papers in the collection. The journal number
is the alphabetical rank.

Figure 9 shows the outer references to papers in
Nature sorted chronologically.
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Fig. 1. Historiograph: from Mendel to Nirenberg.
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Fig. 2. Cited reference search on Milgram’s 1967 Psychology Today article.
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Fig. 3. .txt Export record from ‘small world’ collection.
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Fig. 4. Chronological Histcite file of ‘Small World’ collection.
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Fig. 5. Ranked journal list for ‘Small World’ local collection.
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Figure 10 provides a ranked author listing for outer
references. 61 papers by Milgram have been cited,
including variants. Only 18 citing papers are involved.

In Figure 11, the outer references have been sorted by
year and then alphabetically by author. The 1967 paper
by R. P. Abelson has been cited in three papers but the
first of them has omitted the page number.

Figure 12 presents the final product of the HistCite
program, namely the historiograph for the most-cited
papers in the local collection. The citation links
between papers appear as a line with an arrow. Thus,
paper 6 cited paper 4. The threshold number of papers
included is set by the user; in this case, 17. The sizes of
the circles are proportional to citation frequency. The
Milgram paper is at the top (node #4) while the 1998
paper by Watts (node #194) is at the center. Had we
mapped these papers based on global score, the Watts
paper would appear even larger due to its higher global
citation score.

Having illustrated the basic format of HistCite, let us
now examine a collection on ‘Knowledge Domains’.
We conducted a WoS general search for papers on
‘knowledge and domain*’ and found 280 papers.

The first paper listed appeared in 1977 in the journal
Communication and Cognition. The author is J. B.
Grize (see Figure 13). It is interesting that this paper
has neither been cited in the collection nor by the
author himself. The gray areas indicate papers that are
not cited in the collection, nor do they cite anything in
the collection, which may be a criterion for eliminating
papers of low relevance.

The paper most-cited within this small collection is
the one by Alexander and Judy in Review of Educa-
tional Research (see Figure 14). In addition to the nine
local cites, the paper has been cited globally in 114
papers.

When the file is sorted by GCS a paper by J. M. Berg
turns up but it is really not related to the main
knowledge domain theme and should be deleted (see
Figure 15). Note that it is not cited at all in the local
collection nor does it cite anything – hence the gray
area. The next paper by Spilich et al is indeed relevant
and is cited by seven papers in the file.

In the latest version of the software it is possible to
obtain a vocabulary analysis of the title words in the
collection (see Figure 16). This provides clues for
expanding the WoS search.

Depending upon the size of the files involved, it may
be more useful to view the permutations of title word
pairs (see Figure 17). This is reminiscent of the
Permuterm Subject Index in the print editions of the
Science Citation Index.

Fig. 6. All-author list ranked by publications.
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Fig. 7. Outer nodes – most-cited works outside local collection.
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Fig. 8. ‘Small World’ outer references ranked by cited journal publications.
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Fig. 9. ‘Small World’ outer references to Nature ranked by cited year.
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Fig. 10. ‘Small World’ outer authors ranked by publications cited.
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Fig. 11. ‘Small World’ outer references for 1967 sorted by author.
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Fig. 12. Historiograph of 17 ‘Small World’ key LCS papers most cited in the 1967–2002 collection.
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Fig. 13. HistCite chronological table ‘Knowledge and Domain*’ papers.

E. GARFIELD

Journal of Information Science, 30 (2) 2004, pp. 119–145 # CILIP, DOI: 10.1177/0165551504042802 133



Fig. 14. ‘Knowledge Domain’ papers sorted by LCS.
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Fig. 15. ‘Knowledge Domain’ papers sorted by GCS.
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The historiograph (see Figure 18) for this collection
illustrates the problem of conducting a search based
solely on the terms knowledge and domain. In a
collection of 280 papers, only eight were cited locally
three or more times. Based on this simplistic approach,
the terms used are inadequate to the task. Clearly the
scope of the field had to be interpreted differently. That
task was left to Katy Borner. Recognizing this need for
subjectivity, in order to capture literature relevant to
the ‘mapping of knowledge domains,’ Borner and her
student Raghaveer Mukkamalla decided to create a
multi-domain collection. They used five different
HistCite data sets covering the topics of information
visualization (Ed Tufte), dynamic systems (Stanley

Milgram), co-citation (Henry Small), bibliographic
coupling (Kessler), and Scientometrics (the journal).
Once these data sets were merged, about 6000 papers
were collected. However, by filtering out papers based
on citation and other criteria, the file was reduced to
about 3600 papers.

Figure 19 shows the HistCite file, sorted by LCS, for
the 5643 papers included in the multi-domain file.
Note that manually created entries for the Tufte books
include psuedo journal, volume, and issue numbers in
cited nodes 1, 2, and 5.

The limitations of space preclude a detailed expla-
nation here of how Borner compiled the collection of
knowledge domain literature used to create the map in
the next figure. The description of that process will be
found at http://garfield.library.upenn.edu/histcomp/
multi-domain_master-file/k_borner_supplement.doc
(four MB).

Figure 20 is but one of several maps at different
citation thresholds which can be found at http://
garfield.library.upenn.edu/histcomp/multi-domai-
n_extra-graphs/graph/list.html

In Figure 20, the paper at the top, #2, is Kessler 1963.
The map is dominated by papers in bibliometrics.
Directly below is #97, Henry Small’s 1973 paper. To the
right of the map is paper #39 by Milgram, followed by
Travers, #60, Granovetter, #93, and Watts 1998, #3976.
On the far right near the bottom is the work of Tufte,
#480, and Cleveland, #540. In order to see additional
papers, we must change the threshold. See the following
URLs for larger maps at lower LCS citation thresholds:
LCS> 45 - http://garfield.library.upenn.edu/histcomp/

multi-domain_extra-graphs/graph/2.html
LCS> 39 - http://garfield.library.upenn.edu/histcomp/

multi-domain_extra-graphs/graph/3.html
LCS> 35 - http://garfield.library.upenn.edu/histcomp/

multi-domain_extra-graphs/graph/3.html
LCS> 31 - http://garfield.library.upenn.edu/histcomp/

multi-domain_extra-graphs/graph/4.html
LCS> 30 - http://garfield.library.upenn.edu/histcomp/

multi-domain_extra-graphs/graph/5.html
LCS> 24 - http://garfield.library.upenn.edu/histcomp/

multi-domain_extra-graphs/graph/6.html
Since HistCite was originally developed as a tool for

historiographic analysis, the closing example is related
to the original DNA project. However, in Figure 21, the
focus is on the much discussed 1953 paper by Watson
and Crick [9] which identified the helical structure of
DNA. This paper has been explicitly cited 2316 times
in the past 50 years [10]. We have found, however, that
for extremely active fields with high immediacy, it is
necessary to do the historical analysis in five-year

Fig. 16. ‘Knowledge Domain’ title words listing ranked by
frequency.
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segments. In that way, the significant works of the
period under study can be seen in their proper
chronological context.

Using 50-year citation counts gives greater emphasis
to more recent highly-cited papers. After a few
decades, a landmark paper will become the common
wisdom of the field and citations to it will rarely occur.

To overcome this distortion we created a HistCite file
of the 200 odd papers published from 1953 to 1958
which cited the Watson-Crick paper. We added a few
additional key papers from the outer references such as
Avery-McCarty-McLeod 1944 [11] and Hershey 1952
[12].

Figure 22 provides the year-by-year mapping of the
most-cited papers. This map makes it visually apparent
that many well-cited papers published in 1953 were
related to Watson-Crick. They appear on the map in a
single row for 1953. This map includes a dozen of the
earlier key papers, including Avery et al. 1944 which is
so important in the history of DNA. In the first
iteration, it appeared as an outer node as did Hershey
1952 and other key authors, all of whom were
frequently cited by the authors who cited Watson and
Crick. While this is interesting, the year-by-year
display does not show the rapid month-by-month
sequence of publishing events. So we modified the

Fig. 17. ‘Knowledge Domain’ title word pairs ranked by frequency.
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HistCite graphical program to accommodate more
precise publication dates.

In order to expand the scope of the collection, we
created a new collection consisting of 975 papers that
cited the Watson-Crick paper itself but also an
additional 745 papers that cited the 210 papers in the
previous example. We call this chained citation
indexing. All of the papers listed chronologically in
Figure 23 were published before 1953 and were added
from the list of ‘Outer References’.

Figure 24 provides a month-by-month display for
1953 papers.

In a recent interview [13], James Watson apologized
for not having cited Avery in the primordial Nature

paper on the DNA helical structure. But as we have
seen, this omission on his part made little difference in
the algorithmic mapping of the development of DNA
science. But in view of Watson’s comment, I have
added a dotted line from Watson-Crick to Avery
indicating that key link. However, to obtain a more
accurate picture of Avery between 1944 and 1945, we
would have to create a citation index for the 1944
literature, since the SCI source data begins with 1945.
There is some controversy as to how well the
significance of the Avery work was appreciated by
the scientific community at that time [14–19]. I believe
our data indicate that it had a substantial impact before
and after the Watson-Crick paper appeared.

Fig. 18. Map of ‘Knowledge Domain’ papers cited three or more times.
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Fig. 19. ‘Multi-Domain’ HistCite collection ranked by LCS.
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Fig. 20. ‘Multi-Domain’ historiograph of 20 LCS papers cited 63 or more times.
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Fig. 21. First page of HistCite collection of 210 papers, of which 208 cited Watson-Crick 1953, from 1953 to 1958. The first two
papers are outer references added to increase the chronological depth of the historiograph in Fig. 22.
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Fig. 22. Year-by-year map of Watson-Crick 1944–1957.
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Fig. 23. Opening page of HistCite collection of ‘chained’ citations to Watson-Crick.
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Fig. 24. Month-by-month historiograph linking Watson-Crick to Avery.
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Editor’s Note:

This paper was given at the ‘Arthur M. Sackler Colloquium of the National Academy of Sciences’ on ‘Mapping Knowledge
Domains’, Arnold and Mabel Beckman Center, Irvine, California, USA, May 9, 2003.
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