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Dr. Schwarz has asked me to touch on several aspects of my experiences as a science
communicator, information scientist, and scientometrician. My presentation today will
cover a half dozen topics related to these different roles I have played in the world of
information over the past 50 years.
Science Communication
I speak to you first as a publisher and
editor
of
The
Scientist
an
internationally-oriented publication for
biomedical researchers which was
founded 16 years ago. The Scientist is
very different from the typical medical
journal.
It started as a
monthly
newspaper in 1986 in tabloid format.
This is the cover of the October 29, 2001
issue which will give you an idea of how
it appeared as a tabloid newspaper In
January 2002 it was transformed into – a
hybrid magazine-news journal.
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Here are recent issues illustrating the new magazine format.
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While we adhere to high editorial standards, The Scientist is not peer reviewed in the
traditional sense since most of our articles are written by science journalists. And, unlike
popular newspapers or magazines, we do provide references in our news reports. The
Scientist is most often compared to Nature or Science. However, it is distributed free of
charge both in print and on the Internet Our printed edition is mainly sent to life
scientists and biotech researchers in the United States, Canada, and Western Europe.
Over 75,000 copies of each colorful issue is distributed every two weeks -- 24 times each
year. Almost half of our readership has a declared interest in molecular biology and
medicine. Financial support for The Scientist is derived primarily from advertising but
next year we intend to expand our paid circulation to libraries and other subscribers who
are not qualified to receive it free of charge. Foreign libraries can subscribe to the airmail
edition for about $100 per year.
The Scientist is written in a style that is comprehended by most educated people.
Therefore it is easily understood by the average clinician or researcher. We have often
been asked about translations into foreign languages but that seems to be unnecessary
since English has become the universal language of science. However, we would be glad
to entertain a proposition from a Chinese publisher interested in producing a Chinese
translation both in print or on the World Wide Web.
The Scientist was the first regularly published journal to become available on the WWW.
Originally the electronic version was sponsored by the National Science Foundation. Our
free email distribution is in excess of 400,000 readers all of whom are registered. Of
these readers a surprisingly large number are from the developing world and include
about 4,000 users in China.
MISSION STATEMENT OF THE SCIENTIST®:
The Scientist is The News Journal for the Life Scientist
It provides research scientists with relevant and timely information and
analysis to assist them in making decisions that affect their working lives.
The Scientist provides an open forum for examination and discussion of
issues in research, technology, employment, funding, policy and other
subjects important to the life scientist.
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The Scientist is The News Journal for the Life Scientist. It provides research scientists
with relevant and timely information and analysis to assist them in making decisions that
affect their working lives. The Scientist provides an open forum for examination and
discussion of issues in research, technology, employment, funding, policy and other
subjects important to the life scientist.
The Scientist presents not only hot science news, but also the human side of science.
Therefore, a variety of issues and concerns to the working professional scientist are
covered. A staff of full-time and free-lance science journalists report on advances in
biomedical research. Due to my own personal background as the inventor of the Science
Citation Index, we are extremely citation conscious. From the outset we have provided
commentaries on hot papers – those that are identified as having been cited from 100 to
200 times during the past year or two.
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Most of these papers will go on to become Citation Classics.
While most of the news reports are written by journalists, opinion pieces, letters, and
commentaries by readers are also published. We welcome such volunteered discussion
of scientific and professional issues.
Speaking of Citation Classics, you may recall the commentaries published in Current
Contents about such papers. Here is an example of a paper from Shanghai. The paper
was published in Scientia Sinica about 40 years ago and is still cited in the current
literature.
CITATION CLASSIC AUTHORED BY KANG TSOU, SHANGHAI INSTITUTE OF MATERIA MEDICA
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Some of you are aware that I was the founder of Current Contents. This weekly current
awareness publication has continued to operate for over 40 years and provides physicians
and researchers with a quick overview of what is published each week.
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AUTHOR ADDRESS DIRECTORY OF CC/LS

The CC address directory enables readers to request reprints from authors. Current
Contents is well known in China. In my visit to China 20 years ago, I saw Current
Contents in many libraries. Of course, CC is now also available in electronic form.
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CC CONNECT
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In addition to listing the contents of thousands of journals, Current Contents became well
known because of the essays that we published over a 30-year period. More than 1,000
of these essays and my other publications are available free of charge at my website,
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www.eugenegarfield.org. Current Contents essays were addressed to laboratory and
clinical researchers worldwide.
Inevitably, the problem of obtaining financial support for biomedical research became an
important theme in CC and The Scientist. In order to gain support for NIH and larger
biomedical budgets it became necessary to get the public to support these efforts. I found
it very hard to get scientists themselves to do this.
About a decade ago, first ISI and then The Scientist joined Research!America, a nonprofit organization that is dedicated to educating the public about the role of NIH and the
need to support biomedical research. Through these public outreach efforts, the NIH
budget has doubled over the past five years. I am pleased to serve on the Board of
Research!America as does Dr. Schwarz and Dr. Anlyan. Through Research!America, we
regularly educate the public on the importance of biomedical research in the prevention
and treatment of disease but also the development of the U.S. economy. They in turn
take this message to their representatives in Congress. Regular polls demonstrate that the
public overwhelmingly supports increased funds for biomedical and scientific research.
Research!America also has a special task force on prevention research and its
international implications.
My interest in proving the economic impact of biomedical research led me to established
the Garfield Annual Award for research on the economic impact of medical and health
research. Here are the remarks that I made in Philadelphia in July at the presentation of
the first Research!America award to Dr. David Meltzer of the University of Chicago:
“I have been asked to say something about the origins of the Research!America economic
impact award. My interest in the scholarly impact of research predates the launch of the
Science Citation Index.® Many people believe the SCI was created to study research
impact for tenure evaluation or to forecast Nobel Prizes. However, the SCI® was
invented primarily to improve traditional information retrieval methods. It was inspired
by H. G. Wells’ book World Brain,1 an encyclopedic database of all human knowledge.
Once it was established, the inherent hyperlinked structure of the SCI led inevitably to its
use for measuring the relative impacts of researchers, journals, institutions, and countries
using publication and citation outputs as indicators.
“In the seventies, quite fortuitously, I encountered the work of Julius Comroe and Robert
Dripps who worked right here in Philadelphia at the University of Pennsylvania. They
traced the impact of basic research on the practice of medicine. Their now classic 1976
article in Science on the scientific basis for biomedical science is still worth your
attention.2 The following year Comroe published his “Retrospectroscope – Insights into
Medical Discovery,”3 a remarkable catalog of the complex serendipitous world of basic
research and its unpredictable outcomes. In 1979, while preparing a Current Contents
essay which asked “How Can We Prove the Value of Basic Research?,”4 I encountered
Hugh H. Fudenberg and his pioneering studies in the early seventies on the dollar
benefits of research.5
“Subsequently, I encountered the work of Professor Ed Mansfield also at Penn. His
pioneering work on the role of R&D in economic growth -- demonstrated the high rate of
return to society on its investment in basic research.6
The influence of Fudenberg,
Mansfield, and Comroe on my thinking culminated in a major review that I published in
Current Contents in 1981 on “The Economic Impact of Research and Development.”7
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“I wish these pioneers could have been here to observe the launch of this Award.
Hopefully, the Research!America Award will stimulate further studies that remind policy
makers in Congress and elsewhere of the social and economic impacts of basic scientific,
biomedical, and health research.”
I believe this message is equally important in the developing world and must be delivered
to economic planners and politicians not just by scientists, but also by lay persons in the
population at large who understand that medical research, public health, and education
are significant stimulants to the nation’s economy.
Current Awareness
My 1955 article in Science 8 was the first proposal for a multi-disciplinary index to the
scientific literature. I suggested that a Science Citation Index was essential for the
efficient management of scientific research. In those days it was quite common for
unwitting duplication of research to occur9. From my experiences as a researcher at the
Johns Hopkins Medical Indexing Project from 1951 to 1953, I was inspired to find
unique ways to improve the retrieval and dissemination of information. So in 1952, I
began an experimental publication covering library science and documentation called
Contents in Advance. Then in 1955, I began Current Contents for management and
social sciences and subsequently in 1957 Current Contents for the Pharmaco-Medical,
Chemical, and Life Sciences.
A few years later, with a grant from the National Institutes of Health (NIH), ISI produced
a prototype Genetics Citation Index. This in turn led to the first experimental Science
Citation Index for the 1961 literature. In 1964, SCI began as a commercial enterprise.
Personal Alert
Then in 1965, we introduced the first personal alerting service. That system is still in
operation. A key element in our SDI system was citation indexing.
In a nutshell, citation indexing permits one to retrieve all papers that have cited a
particular paper, author, journal, book, or key word. All of these are useful in
overcoming the limitations of natural language and the need to use trained indexers to
create subject headings. It is significant that the citation index method is independent of
language. The use of bibliographic citations is the universal language of science. While
most citations involve the roman alphabet, citations in non-Roman
roman alphabets are also
quite common. Today we have Citation Indexes in Chinese, Russian, Spanish, and
Japanese.
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At first, the idea of citation indexing and citation analysis were not readily accepted. But
by 1975, a core group of 500 libraries subscribed. It took almost 20 years before this
methodology was taught in library schools.
Even today, there is considerable
controversy about its use, not so much for information retrieval but for research
evaluation. Each new generation of students must be trained to use this method.
Citationology
I think we can say that today citationology has become a mature science. The use of
citation data for research evaluation, especially in science, has become quite pervasive.
Bilbiometric studies were conducted even before the SCI, but the field of scientometrics
followed the official birth of SCI in 1964. Then, in 1969, a brilliant Russian
philosopher/chemist, V. V. Nalimov, invented the term scientometrics.10 I was privileged
to share his friendship until his death about 5 years ago. Today scientometrics has a
worldwide following in the International Society for Scientometrics and informetrics.
Indeed, their next conference will be held here in Beijing from August 25-29, 2003, at the
Academic Halls of Documentation and Information Center of the Chinese Academy of
Sciences. The website for the meeting is http://www.cscd.ac.cn/issi2003/. The journal
Scientometrics was founded in 1978. However, the much older Journal of the American
Society of Information Science and Technology also regularly publishes on this topic.
The literature on quantitative studies is now quite large; so much so that one of my
“retirement” activities has been to provide an electronic alerting service through the
SIGMETRICS listserv of the American Society of Information Science and Technology.
The listserv is free of charge at: http://listserv.utk.edu/archives/sigmetrics.html .
Time does not permit me to discuss in detail how one uses citation data for evaluation of
research performance. One of my most frequently cited papers on this topic is a two-part
essay in Current Contents on “How to use Citation Analysis for Faculty Evaluations, and
When Is It Relevant?”11 An essential tenet of such statistically-based evaluations is that
one cannot ordinarily evaluate a single individual or institution by itself. One should
always evaluate a cohort of similar individuals or institutions. There has to be a standard
against which one makes a comparison.
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Citation Frequencies
CITATION FREQUENCY DISTRIBUTION OF PAPERS IN SCI, 1945-88
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CITATION FREQUENCY DATA FOR 1955-87 SCI.
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Due to the statistical properties of citations, their relevance will be greatest when
dealing with the 20% of the population of scientists and institutions that achieve the
highest impact. This is sometimes called the 80-20 rule. A small percentage of scientists
or journals receive the lion’s share of citations. In 1965, at conference sponsored by the
U.S. Office of Naval Research,12 we demonstrated that Nobel Prize scientists published 6
times the average number of papers and were cited 30-40 times the average. Later, we
published a long series of essays in Current Contents which demonstrated these facts
about scientists of Nobel Class. Such scientists are recognized by high citations and
eventually Nobel and other prestigious prizes. In my long experience, over 98% of Nobel
Prize winners have published one or more Citation Classics. [see my website for this
category of essay (http://www.garfield.library.upenn.edu/prize/prize.html). The tradition
of analyzing highly-cited authors is also continued by ISI at ISIhighlycited.com
ISIhighcited.com – a free
website open to the public.
Journal Impact Factors
About 10 years after the launch of the SCI, ISI began to publish the annual series called
Journal Citation Reports. This has now become a widespread tool for journal evaluation.
Our original purpose in creating the impact factor was to facilitate comparisons between
large and small journals. If size were the only variable considered then 99% of the
world’s journals would not be considered important. How could you compare a review
journal such as the Annual Reviews of Medicine which only publishes 35 articles a year,
to a large multi-disciplinary journal like Proceedings of the National Academy of
Sciences USA which publishes thousands of articles each year. Thus, the impact factor
normalizes the publication and citation data.
We never imagined that the journal impact factor would become a surrogate for
evaluating individual research performance. Using journal impact as a substitute for
more exact citation measurement does not always produce the best results. The journal
impact factor is a perfectly legitimate way to compare journals and can be used to make
rational decisions in libraries about acquiring journals. However, the use of these data for
evaluating individuals has to be tempered by the circumstances. This is an extremely
controversial subject. Dozens of articles appear each year about the use and abuse of
journal impact factors. There are many methods proposed for better normalization.
Nevertheless, it is significant that when the Soros Foundation needed to evaluate which
Russian researchers should be given grants, they decided initially to make grants to
authors who had published in journals with a minimal level of impact factor. This
eliminated most Russian language journals. Similar procedures have been followed in
countries like Spain and Italy where having one’s papers accepted by an ISI-covered
journal with minimal impact is considered significant to funding agencies. Quite often
publishing in local vernacular journals is possible because peer review may be nonexistent. So it is quite legitimate to use impact factors so long as one understands the
purpose and limitations of these methods. But in more sophisticated evaluations precise
citation frequency data is obtained. However, the impact factor may help in evaluating
a recent paper which ordinarily will not be cited for a few years. The exception, of
course, is the hot paper. The Scientist regularly reports on such Hot Papers.
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Peer Review
Time does not permit me to go into detail on the subject of peer review. The Journal of
the American Medical Association has regularly published the reports of international
congresses on peer review conducted under the leadership of Dr. Drummond Rennie.
The most recent, the 4th International Congress on Peer Review, was covered in the June
5, 2002 issue of JAMA. Peer review is a subject on which there is a vast literature A
pioneering publication in this area is the book by Dr. Stephen Locke13 the former editor
of the British Medical Journal who invented the term journalology.
International Versus National Journals
A large percentage of the 20,000 or so scientific journals published are national journals.
About 10% of these are truly international journals. English has become the lingua
franca of scientific research. The evidence is clear that China has understood this
message. Slide 14 shows the language distribution of the Web of Science in 2001.
LANGUAGE DISTRIBUTION IN WEB OF SCIENCE IN 2001

Slide 14.

SCI data show that the number and percentage of articles published by Chinese and other
Asian scientists in English has increased enormously during the past two decades.
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ARTICLE OUTPUT BY COUNTRY, 1977-1997

Slide 15 shows data for 1977 to 1997.

Slide 15a
ARTICLE OUTPUT BY COUNTRY, 1998-2001
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And Slide 16 shows data for 1998 to 2001. In the last five years, the rate of growth for
China surpasses the other countries shown.
NUMBER OF ARTICLES PUBLISHED BY CHINA, HONG KONG, AND TAIWAN, 1998-2002

Slide 15c
In the 2001 Web of Science, there were over 36,000 articles published by Chinese
scientists. This includes PRC and Hong Kong. I do not have data on the number of
articles that are published exclusively in Chinese journals not covered by ISI. Clearly
these vernacular journals are appropriate for use in Chinese-speaking communities,
especially clinical material. However, if Chinese medical science is to be accepted on an
international level then it must be published in English or with extensive English
summaries. Therefore it is important that all young Chinese scientists learn to speak and
write English. I emphasize speaking based on my experience with Asian scientists.
Unfortunately, in the past, their emphasis has been on writing and reading English. Not
enough attention is paid to speaking. When Chinese students come to the United States
or United Kingdom or Canada, they will be able to make the transition much more
rapidly if they are able to speak and understand English. It is not sufficient to read and
write.
Historiography
Thirty-five years ago, my colleague Dr. Irving Sher and I were interested in using citation
data to help in writing of the history of contemporary science. We published a report in
196414 that demonstrated the potential for using bibliographic citations as a way of
constructing what we called historiographs. In more recent years, working with a few
Russian colleagues, we have developed a program called HistCite.15 The process enables
a variety of users to quickly obtain an historical overview of a topic. The best way to
illustrate what this program does is to show you a few examples. As a first example, let
me refer to the work of Archibald Cochrane who is the founder of evidenced-based
medicine. He published his classic book on “Efficiency and Effectiveness” in 1971.
Using the Web of Science, we retrieved over 800 articles which have cited that book.
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Cochrane HISTCITE
This slide shows you how the information is displayed so that one can view the
chronological development of the field. In order to appreciate the basic idea of citationbased historiography one has to visualize the scientific/medical literature as one
enormous interconnected topological network, very much like the WWW itself. In this
vast network, each paper is related to every other paper through citation linkages.

Slide 16.

18
GENE FLOW SMALL FILE 647

In the next example, I have chosen the topic of gene flow which is a subject of wide
interest to population geneticists. In addition to the chronological display of 647 papers
on this subject we are able to show you a graphical, genealogical presentation of the
history of this topic. In addition to aiding the historian, HistCite provides librarians and
students the ability to quickly identify the key works, authors, and journals on any topic
in which they are interested.
The on-line demonstration will illustrate the various features of HistCite!
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GENE FLOW GRAPH

This is a prototype graph that is created by computer and includes the 29 most-cited
papers in the LCS.
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BLUMBERG
As a final example, I have assembled a bibliography of all of the 6870 papers that have
cited the work of Nobelist Dr. Baruch Blumberg. He is known to many of you as the
discoverer of the Australian antigen which led to a vaccine for Hepatitis B. Here you see
that his work has been in cited over 6,000 papers. By clicking on various hot links as e.g.
“outer references” one can see other important works in this field.
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I have covered a variety of information topics. I will be glad to answer any questions
you may have about The Scientist, Current Contents, Science Citation Index, citation
analysis, journal impact factors, and historiographic analysis.
Thank you.
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