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The Science Citation Index was proposed over fifty years ago to facilitate the 
dissemination and retrieval of scientific literature.  Its unique search engine based on 
citation searching was not widely adopted until it was made available online in 1972.  Its 
by product Journal Citation Reports became available in 1975 including its rankings by 
impact factor.  Impact factors were not widely adopted until about a decade ago when 
they began to be used as surrogates for expected citation frequencies for recently 
published papers--a highly controversial application of scientometrics in evaluating 
scientists and institutions.  The inventor of the SCI and its companion Social Sciences 
Citation Index will review its history and discuss their more recent use in graphically 
visualizing micro-histories of scholarly topics. Using the patented HistCite software for 
algorithmic historiographic analysis, the genealogy of the Watson-Crick discovery of the 
double helix structure of DNA and its relationship to the work of Heidelberger, Avery, 
and others will be discussed. 
 

____________________________________ 
 
It is now over fifty years since the idea of the Science Citation Index (SCI) was first 
promulgated in Science magazine in 1955.i  However, as the older generation of scientists 
will remember Current Contents is the information service that proved to be the 
primordial revolutionary “idea” which made the practical realization of the SCI possible.  
Remarkably Current Contents is still published in print every week although its 
electronic version has been around for more than a decade.    
 
It is ironic  that  most historians ignore its significance and impact.  I believe the main 
reason for this is its utter simplicity.  They overlook how important timing was to its 
success.  Even aficionados of Current Contents may not remember the role that the early 
electronic computer made it possible for Current Contents to appear each week together 
with its  title word indexes and author address directory.  In those days, conventional 
indexes were six months to three years behind the literature.  At one time it was estimated  
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that ten million worldwide reprint requests were generated each year because of Current 
Contents.  
 
Historians are not impressed by simplicity.   They are attracted to the complexity of the 
Science Citation Index and other search engines.  Nevertheless, the success of SCI as and 
up-to-date  tool for the dissemination and retrieval of information does not fully account 
for its impact.     
 
The SCI’s  use as a tool in measuring scientific productivity has often overshadowed  its 
primary  function as a search engine.  Many people think that bibliometrics is its main 
reason for existing.  Although SCI was used for scientometrics studies shortly after it 
appeared, the advent of the SCI  Journal Citation Reports and its Impact Factor rankings 
brought it into even greater prominence.  This is reflected in the fact that my 1972 
Science paper on the use of citation analysis in journal evaluation is my most-cited work.ii   
 

Multi-Disciplinary Database 
 
From the launch of the SCI multi-disciplinary database I pointed out its two-fold purpose 
in identifying what each scientist had published, and where and how often the  papers by 
that scientist were cited.  Hence, the SCI has always been divided into two author-based 
parts:   the Source  Author Index and the Citation Index.  By extension, one can also 
determine what each institution and country has published and how often their papers are 
cited. 
 
There are many ways to determine what an author has published, not the least of which is 
to obtain  his or her C.V.  However, it is remarkable how often such a complete list is 
difficult to find.   
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SLIDE 1:  WOS SOURCE INDEX ENTRY FOR NORMAN HACKERMAN 
 
Slide 1 illustrates how SCI  in its electronic version called the Web of Science, links these 
two functions.  An author’s publications can be listed  by chronology, by journal, or by 
citation frequency.  In Slide 1, Norman Hackerman’s five most-cited papers are shown.    
He has published 255 papers from 1936 to 2006.  However, the sorting function in WOS 
permits me to rank his papers by citation frequency.  [Do live search on WOS.] 
 
Professor Hackerman is the  president emeritus of Rice University in Texas.  He is also a 
highly productive chemist who is now 94 years old.  When we met recently, he asked if I 
knew of any other scientists who, like himself, had published over a seventy-year period.   
Since it is not possible to answer this question without some special programming,  I 
posted a notice on an electronic  bulletin board.    
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SLIDE  2:  SCIENTISTS WHO HAVE PUBLISHED 70 TO 85 YEARS. 
 
Slide 2 shows the resulting list of 16 scientists who have published for 70 to 85 years. 
The record is held by Isaac M. Kolthoff followed by Michael Heidelberger, a molecular 
biologist who published his first paper as an organic chemist in 1919.  His last appeared 
in 2004, shortly before he died at the age of 104.   There may be others  I have not yet 
heard about.   This list is presented here for the first time.   
 
Let’s  segue to  Heidelberger’s work as a pioneering molecular biologist.   Indeed, even 
before World War II, together with Oswald T. Avery  and others at Rockefeller Institute,  
( including Colin M. Macleod and Maclyn McCarthy), he published  some primordial 
work in the history of  DNA.  The work of Avery, Macleod, and McCarthy is a key link 
in the genealogical history of the Watson Crick 1953 paper on the double helix  structure 
of DNA.  I will return to this topic in a few moments. 
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SLIDE 3:  HISTORY OF DNA 
 
 
When we launched the Science Citation Index in 1964, Irving Sher and I had already 
begun  using bibliographic citations to create topological maps which we  called 
Historiographs.  To put it another way, we investigated whether citation indexes could 
aid in writing mini-histories of scientific topics.  The outcome of that research was our 
1964 report on “The Use of Citation Data in Writing the History of Science”  which 
contained  the graph  shown in Slide 3.iii    Keep in mind that this genealogical map was 
drawn  manually once the nodes and links were identified in the 1961 SCI.  Keep in mind 
that in those days we used IBM punched cards and primitive mainframe computers.  I 
remember visiting Spain in the 1960s where we installed SCI tapes on an IBM 1401 
computer  with only12K memory. 
 
More recently,   gigabyte memories  made it possible to write a program called HistCite 
which  accepts the output of a WoS  search  and automatically generates historiographs.  
This patented software has been in development now for about five years and will be 
available commercially in a month or so.  It has been used by dozens of evaluators  for a 
variety of purposes.  The process is boiled down to the following. 
 
A topical,  author, or citation based search is done on the Web of Science.   From a few 
hundred to as many as ten thousand  references are retrieved.  These records are saved as 
a marked list on WOS and then exported to the HistCite software.  Within minutes a 
series of tables and historiographs are generated.   
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Slide 3 : 
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SLIDE 4:  CITATIONS TO WATSON-CRICK 
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SLIDE 5:  CHAINED CITATIONS TO WATSON-CRICK 
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SLIDE 6:  WATSON-CRICK – YEAR-BY-YEAR HISTORIOGRAPH 
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SLIDE 7:  WATSON-CRICK MONTH-BY-MONTH HISTORIOGRAPH 1953 
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SLIDE 8:  WATSON-CRICK AND AVERY 
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This is illustrated  in the next series of slides.   We used HistCite  to track  the implicit 
connection between the 1953 Watson-Crick paper on the double helix and the 1944 work 
of Avery et al on the pneumococcal  DNA.  As those familiar with this story know, 
Watson and Crick did not cite the 1944 Avery paper  in their 1953 paper.  However, a 
few  years ago Jim Watson finally stated  his regret that they had not done so.4  Further, 
John Maddox, former editor of Nature has stated that he  would not have allowed the 
1953 paper to be published  without including the  key reference to the Avery work.  The 
Watson-Crick paper was rushed into print without the usual reference e 
checks. 
 
A key question often arises as to the ability of citation indexing to retrieve all the relevant 
work on a topic.  So I wanted to demonstrate that the work of significance of the Avery 
work was known to contemporary workers.  To demonstrate the implicit  link, however, 
we  did an SCI search on WOS  and retrieved  the papers published during the five-year 
period 1953-1958 which had cited Watson and Crick. Then we added to that collection 
the group of papers that in turn cited these 200 works.   We produced a series of HistCite 
files which are shown in  slides 4 to 8.   
 
 
For those of you who would like to see further examples, you can go to the website we 
have set up at : www.histcite.com and there you will see dozens of files on different 
authors and subjects.  
 
[If we have access to the WWW I will show the Histcomp URL 
http://garfield.library.upenn.edu/histcomp/ .] 
 

Created with novaPDF Printer (www.novaPDF.com). Please register to remove this message.

http://www.histcite.com
http://garfield.library.upenn.edu/histcomp/
http://www.novapdf.com


 13 

 
SLIDE 9:  HEIDELBERGER AVERY CONNECTION 
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SLIDE 10:  HEIDELBERGER, AVERY, WATSON-CRICK 
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Now as an extension of this exercise, we wanted to explore the historical connection 
between the work of Michael Heidelberger, mentioned earlier, and his co-author Oswald 
Avery.  One might think there would be  a simple and straightforward connection but it 
turns out otherwise.  In the pre-war days before the advent of molecular biology, citation 
practices were not nearly as standardized  as they are today.  The classical example of 
“minimal”  citation practice is found in the work of Albert Einstein.   Four historiographs 
of his work can be found on our Histcite website.  In the 19th and early 20th centuries, the 
implicit citation was quite common.  Therefore, one does not always find an explicit 
citation of an earlier relevant work.  ISI has had to edit thousands of such implicit 
citations.  But by collecting all the relevant citing papers on a subject in a WOS search, 
the collective memory of the citing authors  produces a visual description of the topical 
history. 
 
 Slides 9 and 10, show the links between the work of Avery and Heidelberger and the 
links between Heidelberger and Watson-Crick.  
 
 

Journal Impact Factor 
 
Having demonstrated how we can use the WOS search engine to track the historical 
development of  scientific topics, let me turn now to the subject of  the ubiquitous journal 
impact factor.    The title of my talk at the last International Congress of Peer Review in 
Chicago, illustrates ‘the agony and the ecstasy of the journal impact factor,” and 
describes my ambiguous feelings on this subject.  
 
We  officially launched  the Annual SCI Journal Citation Reports in  1975.  But we were 
already had producing  these data for over a  decade.  JCR evolved from the Journal 
Citation Index.  I  illustrated earlier the so-called Author Citation Index.  But what is the 
Journal Citation Index?  The JCI is the result of resorting the Author Citation Index.  
Instead of  alphabetizing  the file by author name, you simply sort the file by the names 
of the  journals in which the papers were published. The Journal Citation Reports 
provides a statistical summation of the Journal Citation Index. .    
 
When we first performed this exercise in the early 1960s we discovered that the journals  
already covered  in Current Contents included those that either produced the most papers 
or those that were cited most.  But we needed a simple way to compare  large journals 
like Nature, Science, NEJM, and JAMA with small journals like the Annual Reviews.  In 
the early days of Current Contents,  we had emphasized  fields of molecular biology and 
biochemistry.  We observed that 25% of all citations in the  current year’s literature were 
to papers that were only two to three years old.  So we decided to use the prior two cited 
years as the basis for  calculating a  current year impact factor, that is, the average 
number of citations per published paper.  When we did this we obtained results  
illustrated in the following series of slides. 
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SLIDE 11:  TOP JOURNALS SORTED BY NUMBER OF ARTICLES 
PUBLISHED IN 2004 
 
In Slide 11, we see the top 20 life science journals sorted by the number of articles 
published in 2004.  Journal of Biological Chemistry published 6,500 articles that year. 
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SLIDE 12:  MOST-CITED LIFE SCIENCE JOURNALS 2004 
In contrast, slide 12 shows the list of journals most-cited in 2004.  The JBC was cited 
over 400,000 times that  year – this includes citations to any articles in its entire history. 
 
However, we also recognized that smaller but important review and specialty journals 
might not be selected if we depended solely on total publication or citation counts.5  We 
needed a simple method for comparing journals regardless of size or citation frequency.  
So we created the journal “impact factor.”  
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SLIDE 13:  LIFE SCIENCE JOURNALS SORTED BY IMPACT FACTOR 
 
Slide 13 shows the life science journals ranked by impact factor.  Note the appearance of  
small review journals. 
 

.  
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The term “impact factor” has gradually evolved, especially in Europe, to describe both 
journal and author impact. This ambiguity often causes problems. It is one thing to use 
impact factors to compare journals and quite another to use them to compare authors. 
Journal impact factors generally involve relatively large populations of articles and 
citations. Individual authors, on average, produce much smaller numbers of articles 
although some are phenomenally productive.  The transplant surgeon Tom Starzl has co-
authored over 2,000 articles.6  Over ten years ago, I attended a celebration of Carl 
Djerassi’s 1000th paper.7  
 
While my 1955 paper is considered primordial for citation indexing history, it is my 1972 
paper in Science on “Citation Analysis as a tool in journal evaluation,” that has received 
most attention from journal editors.8  That paper was published before the Journal 
Citation Reports existed. We used a quarterly issue of the 1969 SCI to identify the most 
significant journals of science. I bring this up for an important reason.  While our analysis 
was based on a large sample of literature, the annual JCR is not based on a sample.  The 
JCR today includes every citation that appears in the 5,000 plus journals that it covers.  
Therefore, discussions of sampling errors in relation to JCR are not particularly 
meaningful.  Furthermore, I myself deplore the quotation of impact factors to three 
decimal places.  ISI uses three decimal places to reduce the number of journals with the 
identical impact rank.  It matters very little whether the impact factor of JAMA is quoted 
as 21.5 rather than 21.455.    
 
A journal’s impact factor is based on two elements: the numerator, which is the number 
of cites in the current year to any items published in the journal in the previous 2 years; 
and the denominator, the number of substantive articles (source items) published in the 
same 2 years.  The impact factor could just as easily be based on the previous year’s 
articles alone, which would give even greater weight to rapidly changing fields.  A less 
current impact factor could take into account longer periods of citations and/or sources, 
but then the measure would be less current.  The JCR help page provides instruction for 
computing five-year impact factors. 
 

Scientometrics and Journalology 
 
Citation analysis has blossomed over the past three decades into the field of 
scientometrics which now has its own International Society of Scientometrics and 
Informetrics (ISSI).9 The journal Scientometrics was started in 1978.  Over 15 years ago, 
Steve Lock aptly named the application of scientometrics to journals evaluation 
“journalology.”10    
 
All citation studies should be normalized to take into account variables such as the 
discipline, citation density, and half-life.11.  The citation density is the average number of 
references cited per source article.  Citation density (R/S) is significantly lower for 
mathematics journals than for molecular biology journals. The half-life (number of 
retrospective years required to find 50% of the cited references) is longer for a  
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physiology journal than that for a physics journal. For some fields, JCR’s  two-year based 
impact factors may or may not give as complete a picture as would a five- or ten-year 
period.    
 
Nevertheless, when journals are studied within disciplinary categories, the rankings based 
on 1-, 7- or 15-year impact factors do not differ significantly.  I reported on this in The 
Scientist.12,13  seven years ago.  When journals were studied across fields, the ranking for 
physiology journals improved significantly as the number of years increased, but the 
rankings within the physiology category did not change significantly.  Similarly, Hansen 
and Henrikson14  reported “good agreement between the journal impact factor and the 
overall [cumulative] citation frequency of papers on clinical physiology and nuclear 
medicine.” 
 
There are always exceptions to these generalities.   Impact critics will usually find them.  
They also cite all sorts of anecdotal citation behavior which do not represent average 
behavior.  The same can be said about alleged citation errors, most of which are really 
variants of one kind or another or do not affect impact since only variants in cited journal  
abbreviations matter in calculating impact.  These are all unified prior to issuing the JCR 
each year.  And a huge number of author errors or variants are corrected by the ISI 
system but unseen to the user. 
 
The impact factors reported by JCR tacitly imply that all editorial items in Science, 
Nature, JAMA, NEJM, etc. can be neatly categorized. Such journals publish large 
numbers of items that are not substantive research or review articles. Correspondence, 
letters, news stories, obituaries, editorials, interviews, and tributes are not included in 
JCR’s calculation of source items (the denominator).  But we all know that they may be 
cited, especially in the current year, but that is also why they don’t have a significant 
effect on the impact calculations.  Nevertheless, since the JCR numerator includes 
citations to these more ephemeral items, some distortion will result.  But only a small 
group of journals are affected, if at all.  Those that are affected change by 5 or 10%.8 
 
The assignment of article publication codes is based on human judgment. A news story 
might be perceived as a substantive article, and a significant letter might not be. 
Furthermore, no effort is made to differentiate clinical versus laboratory studies or, for 
that matter, practice-based versus research-based articles.  All these potential variables 
provide grist for the critical mill of citation aficionados 
 

Size vs. Citation Density 
 
There is a widespread but mistaken belief that the size of the scientific community that a 
journal serves significantly affects the journal’s impact factor. This assumption overlooks 
the fact that while more authors produce more citations, these must be shared by a larger 
number of cited articles. Most articles in most  fields are not well cited, whereas some 
articles in small fields may have unusual impact, especially where they have cross-
disciplinary impact.  It is well known that there is a skewed distribution of citations in 
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most fields.  The well-known 80/20 rule applies in that 20% of articles may account for 
80% of the citations. 
 
To reiterate -- the key determinants in impact are not the number of authors or articles in 
the field but, rather, the citation density and the age of the literature cited. The average 
number of citations per article and the immediacy of citations are the  significant 
elements.15    The size of a field, however, will generally increase the number of “super-
cited” papers.  And while a few classic methodology papers exceed a high threshold of 
citation, thousands of other methodology and review papers do not.  Nevertheless, review 
papers on average are cited about twice the average.  Publishing mediocre review papers 
will not necessarily boost your journal’s impact. 
 
SLIDE 14:  SUPER CITED PAPERS IN THE LIFE SCIENCES  
 
For your amusement, consider this short list of super-cited papers in the life sciences.  
Incidentally, since they are all over a decade or more old, they don’t affect the calculation 
of their journal’s impact factor.  The Lowry paper was recently discussed in Journal of 
Biological Chemistry16  but the authors failed to mention Lowry’s own commentary on 
this most-cited paper in the history of science.17   Lowry himself noted that it was not his 
most important paper.   
 
I have not included here super cited books such as Molecular Cloning: a Laboratory 
Manual by Maniatis and Sambrook which appeared18  in numerous editions beginning 
with 1982. They have been cited in at least 150,000 papers.  This is my way of reminding 
those who are book authors, that SCI, SSCI and A&HCI do include citations to books as 
well as individual chapters of books.    
 

Created with novaPDF Printer (www.novaPDF.com). Please register to remove this message.

http://www.novapdf.com


 22 

Slide 
14:
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SLIDE 15:  CITATION FREQUENCY DISTRIBUTIONS 
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For a more realistic view of citation frequencies, slide 15 shows that from 1900-2005, 
about one half of one percent of cited papers were cited over 200 times.  Out of about 38 
million source items about half were not cited at all.  Keep in mind that “items” includes 
not only substantive articles but also ephemera mentioned earlier.  Therefore, these data 
provide a distorted picture for high impact journals where the number of uncited 
publications is much smaller. 
 
The skewness of citations is well known and repeated as a mantra by critics of the impact 
factor.  On the one hand, some editors would like to see impacts calculated solely on the 
basis of their most-cited papers so that their otherwise low impact factors can be ignored.  
However, since most journals experience this skewness, that should not significantly 
affect journal rankings.  Others would like to see rankings by geographic area because of 
SCI’s alleged English language bias.   Europhiles would like to be able to compare their 
journals by language or geographic groups especially in the social sciences and 
humanities. 
 
The time required to referee manuscripts may also affect impact. If manuscript 
processing is delayed, references to articles that are no longer within the JCR two-year 
window will not be counted.19   
 
Alternatively, the appearance of articles on the same subject in the same issue of a journal 
may have an upward effect. Opthof20  showed how journal impact performance can vary 
from issue to issue. 
 
For greater precision, it is preferable to conduct item-by-item journal audits so that any 
differences in impact for different types of editorial items can be taken into account.21 
 
Other objections to impact factors are related to the system used in JCR to categorize 
journals.  In a perfect system it ought to be possible to compare journals with an identical 
profile.  But in fact there rarely are two journals with identical semantic or bibliographic 
profiles.  ISI’s heuristic, somewhat subjective methods for categorizing journals are by no 
means perfect, even though their   specialists do use citation analysis to support their 
decisions.  Some might argue that JCR categories are larger than necessary.  Recent work 
by Alexander Pudovkin and myself22  is an attempt to group journals more objectively.  
We rely on the two-way citational relationships between journals to reduce the subjective 
influence of journal titles.  Three decades ago, I demonstrated that journal titles can be 
deceiving.  Citation analysis proved the Journal of Experimental Medicine was  a leading  
immunology journal.23  It still is one of the five top immunology journals based on its 
impact factor. 
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SLIDE 16:  GENERAL INTERNAL MEDICINE CATEGORY SORTED  
BY IMPACT 2004. 
 
In Slide 16, you see the list of journals in the JCR category “Medicine, General and 
Internal.”  There are no surprises here.  Few would quarrel with the assignment of these 
journals to this category, but this tells us little about their actual subject content.  
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SLIDE 17:  CALCULATING RELATEDNESS COEFFICIENTS 
 
JCR recently added a new feature which provides you the ability to more precisely 
establish journal categories based on citation relatedness.  Slide 17 provides the general 
formula for calculating citation relatedness between two journals and the relatedness 
coefficient expressing the average of the maximum and minimum. 
 

 
 
 
 
SLIDE 18:  JOURNALS:  JAMA - RELATED JOURNALS SORTED BY  
CITATION RELATEDNESS COEFFICIENT 
Slide 18 is a list of the 20 journals most related to JAMA by the citation relatedness 
coefficient, which reflects how often JAMA cites and is cited by each of the journals 
listed.  The relatedness coefficient takes into account the sizes of the journals involved 
(papers published) as well as the number of times each journal cites the other.   
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The top four journals related to JAMA remain the same as in the sort by impact, but 
many journals have moved up in rank such as Journal of Family Planning and Journal of 
the American Geriatrics Society.  The checks on the left indicate the journal was not 
assigned to the General Medicine category. 
 
Slide 18: 
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SLIDE 19:    NEJM RELATED JOURNALS SORTED BY CITATION 
RELATEDNESS 
Performing the identical exercise for the NEJM, we see differences that are quite striking. 
The top four journals are there: NEJM, Annals of Internal Medicine, JAMA, and Archives 
of Internal Medicine, but the next two are cardiology journals, as are 9 of the next 12 
journals shown.     
 
While this observation does not affect the categorization of NEJM as a general medicine 
journal, the next slide will demonstrate further that it is relevant to list it in the cardiology 
category, as well. 
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SLIDE 20:  JCR CARDIAC & CARDIOVASCULAR SYSTEMS BY IMPACT 
FACTOR 
 
Here is the listing of the cardiac journals category in the 2004 JCR.   The ranking by 
impact factor probably conforms to the general idea of the most prestigious journals in 
the field.   
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SLIDE 21:  JOURNALS MOST RELATED TO CIRCULATION BY CITATION                
RELATEDNESS 
 
However, using the JCR relatedness ranking method, some journals would be assigned to 
different JCR categories.  Using Circulation, the highest impact journal in this area, to 
represent cardiology, we find that NEJM ranked 7th among the most related journals in 
this field.  Heretofore one could only guess at the proximity of NEJM to this or other 
topics.  However, this analysis also tells us something about the JCR placement of the 
journal Coronary Artery Disease.  JCR assigns it to the category “Peripheral Vascular 
Disease” but it is in fact the 10th journal in this list.  

 
 

Created with novaPDF Printer (www.novaPDF.com). Please register to remove this message.

http://www.novapdf.com


 31 

Journal Performance Indicators 
 
SLIDE 22:  JPI DATA ON JAMA – CITATION IMPACT (ALL ITEMS) IN ONE  
                    YEAR PERIODS, 1981 TO 2004 

 
 
Many of the discrepancies with journal impact factors are eliminated altogether in 
another ISI database called the Journal Performance Indicators (JPI).24 This annual 
compilation now covers the period 1981 to 2004.  Unlike JCR, the database links each 
source item to its own unique citations.  Therefore, the impact calculations are more 
precise.  Only citations to the substantive items are counted in the denominator.  And it is 
possible to obtain cumulative impact measures covering longer time spans. For example, 
the cumulated impact for JAMA articles published in 1999 was 84.5.  This was derived by 
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dividing the 31,257 citations received (from 1999 to 2004) by the 370 articles published in 1999. 
   
31,257           Citations received 1999-2004 = 84.5 
     370            Articles published in JAMA 
 
 In 1999, JAMA published 1905 items of which 680 were letters, and 253 editorials.  Citations to 
these items were not included in the JPI calculation of impact. 
 
In spite of the alleged distortions introduced by counting citations to all “editorial” material in 
SCI, a recent report by Gonzalez and Companario at the University of Alcala demonstrates that 
the effect, if any, is quite minor.i 
 
SLIDE 23:  MYCOLOGY JOURNALS EFFECT OF TIME ON IMPACT RANKINGS FOR ONE, 
FIVE, AND 24 YEAR PERIOD. 
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To illustrate the chronological changes in rankings for a group of related journals, 
consider the topic of mycology which was reported recently in inCites for April 25, 
2005.26  
(http://in-cites.com/research/2005/april_25_2005-1.html) inCites is a free ISI news 
bulletin. 
 
While the journal Medical Mycology ranked 4th in 2004, it moved to 3rd place when five 
years of data were used but 9th when 23 years of data were used.  This example seems to 
contradict the generalization I made when discussing physiology journals. 
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In addition to helping libraries decide which journals to purchase, journal impact factors 
are also used by authors to decide where to submit their articles. As a general rule, the 
journals with high impact factors include the most prestigious. The perception of prestige 
is a murky subject.  Some would equate prestige with high impact. However, some 
librarians argue that the numerator in the impact-factor calculation is itself even more 
relevant. Bensman27 argued that this 2-year total citation count is a better guide to journal 
significance and cost-effectiveness than is the impact factor.  This brings us full circle to 
the first slide I showed you on the most-cited journals. 
 
Journal impact can also be useful in comparing expected and actual citation frequency. 
Thus, when ISI prepares a personal citation report it provides data on the expected 
citation impact not only for a particular journal but also for a particular year, because 
impact factors can change from year to year.  
 
The use of journal impact factors instead of actual article citation counts to evaluate 
individuals is a highly controversial issue. Granting and other policy agencies often wish 
to bypass the work involved in obtaining actual citation counts for individual articles and 
authors.  And allegedly recently published articles may not have had enough time to be 
cited, so it is tempting to use the journal impact factor as a surrogate evaluation tool.  
Presumably the mere acceptance of the paper for publication by a high impact journal is 
an implied indicator of prestige. Typically, when the author’s recent bibliography is 
examined, the impact factors of the journals involved are substituted in lieu of the actual 
citation count. Thus, the impact factor is used to estimate the expected influence of 
individual papers which is rather dubious considering the known skewness observed for 
most journals. 
Today so-called “webometrics” are increasingly brought into play, though there is little 
evidence that this is any better than traditional citation analysis.  Web “sitations” may 
occur a little earlier, but they are not the same as Citations.  Thus, one must distinguish 
between readership or downloading and actual citation in new research papers.  But some 
studies would indicate that web sitation is a harbinger of future citation  
 
The assumption that the impact of recent articles cannot be evaluated in SCI is not 
universally correct.  While there may be several years delay on some topics,   papers that 
achieve high impact are usually cited within months of publication and certainly within a 
year or so. This pattern of immediacy has enabled ISI to identify “hot papers” in its 
bimonthly publication Science Watch. However, full confirmation of high impact is 
generally obtained 2 years later. The Scientist magazine waits up to 2 years to select “hot 
papers” for commentary by authors. Most of these papers will eventually go on to 
become “citation classics.”28  . 
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SLIDE 24:  EXAMPLES OF HOT PAPERS 
Two recent examples of Hot Papers published in JAMA and NEJM include papers on coronavirus 
at http://in-cites.com/hotpapers/2005/may05-cli.html  
“A NOVEL CORONAVIRUS ASSOCIATED WITH SEVERE ACUTE RESPIRATORY 
SYNDROME” 
“IDENTIFICATION OF A NOVEL CORONAVIRUS IN PATIENTS WITH SEVERE ACUTE 
SYNDROME”

 36 
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Slide 25:  WHAT’S HOT IN BIOLOGY 
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SLIDE 26:  HOT PAPERS FROM TARRAGONA, SPAIN 
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Conclusion 
 
Of the many conflicting opinions about impact factors, Hoeffel29  expressed the situation 
succinctly. 
 
“Impact Factor is not a perfect tool to measure the quality of articles but there is nothing 
better and it has the advantage of already being in existence and is, therefore, a good 
technique for scientific evaluation.  Experience has shown that in each specialty the best 
journals are those in which it is most difficult to have an article accepted, and these are 
the journals that have a high impact factor.  Most of these journals existed long before the 
impact factor was devised.  The use of impact factor as a measure of quality is 
widespread because it fits well with the opinion we have in each field of the best journals 
in our specialty.”   
 
Yes, a better evaluation system would involve actually reading each article for quality but 
then this entire congress is dedicated to the difficulties of reconciling peer review 
judgments.  When it comes time to evaluating faculty, most people do not have or care to 
take the time to read the articles any more!  Even if they did, their judgment surely would 
be tempered by observing the comments of those who have cited the work.  We call this 
citation context analysis.  Fortunately, new full-text capabilities in the web make this 
more practical to perform. 
 
I have had to rush through a lot material to save time but hope that I have given you a 
balanced view of a complex and controversial topic. 
 
We have used journal impact factors to help in the selection process both for CC and SCI 
ever since.  Since the Web of Science now covers over 5,000 journals as the graphs I have 
shown illustrate, the decision to add journals not yet in the system are often necessarily 
subjective because one is often making judgments on many low impact journals.  While it 
is not possible to know in advance whether a journal will achieve above average impact, 
it is possible to estimate based on a variety of known factors. 
 
While the editor or publisher of journals with low impact factors may object to the impact 
factor, it is usually easy to demonstrate whether a particular journal deserves to be added 
to the SCI or CC.   
 

Journal Impact Factor as Surrogate for Citation Rank 
 
However, it is the use of the journal impact factor in evaluating the work of individual 
scientists which causes the greatest grief.  So why is the journal impact factor used for 
that purpose.  For younger scientists many of the papers listed in their C.V.s were  
published quite recently often during the period used to calculate impact.  With certain 
exceptions, such as “hot papers,” these papers will not be cited for a few years or more 
depending upon  the rate at which research on their topic progresses.  About a decade ago  
administrators decided they  would estimate the future impact of recently published 
papers by incorporating the impact factor for the journal in which the paper is published.  
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This “expected” impact factor is often flawed because within  every  journal  there is a 
skewed  dispersion of citation frequencies .  While the average for Nature or JBC may be 
high, the skewed distribution must be taken into account. As in most bibliometric studies 
the 80/20 rule applies.   A small percentage of papers accounts for a large percentage of 
citations. 
 
I have briefly touched on the various aspects of scientific information studies which have 
been the main focus of my career.  I will be glad to answer any questions you may have. 
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