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From materials science to nano-ceramics: Citation analysis identifies the key journals and players
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The Science Citation Index was designed primarily to help the scientist or engineer retrieve relevant literature on specific topics.
This database is now on-line as part of ISIs Web of Science and covers over thirty million papers containing nearly a half-billion
cited references. For each source paper included, backward and foreward links are provided to the cited and citing papers.
ISI also publishes additional databases such as the Journal Citation Reports and Journal Performance Indicators which can
provide qualitative and quantitative information on thousands of journals, including impact factors. Using these files and a
variety of bibliometric techniques we demonstrate how to identify the core journals of materials science, ceramics, and nanoceramics. Other ISI resources such as ISI Essential Science Indicators identify the leading countries, institutions, and authors
of materials science. The output of a WoS search is used to analyze over 10,000 papers on nano-crystals and nano-ceramics.
We have identified dozens of highly-cited papers, which are visualized as a series of historiographs and topological maps These
HistCite maps and tables demonstrate the chronological development of the field [1].
Key words: nano-ceramics, Science citation index, Ctation analysis, Web of science, ISI.

Introduction

remember hearing that same complaint decades ago.
Not long ago in The Scientist we published a series of
letters from senior scientists who complained about the
“disregard” syndrome. Younger scientists often say that
if it isn’t electronic it doesn’t exist!! [1].
It has never been entirely clear to me why so many
researchers are unwilling to attend to these tasks.
Sometimes I think it is due to overly exaggerated statements about the size of the literature. But maybe it is
due to human vanity-scientists often fear to learn that
their work is not entirely novel. And the history of
science is full of examples which justify those fears.

Rustum Roy has often spoken about the ethical
responsibilities of research scientists, including the
proper use of the archive of published knowledge.
Publishing scientists and engineers should not only
keep up with the literature, but also, when publishing,
they should accurately cite relevant prior sources.
Since I became an information scientist 50 years ago,
I have promoted the radical notion that editors should
hold authors to the same “due diligence” standards
required by patent examiners for inventors. Authors,
like inventors, should formally assert to their best
knowledge that their ideas are original. This implies
they do not unwittingly duplicate discoveries already
reported in the literature. Authors should be required to
acknowledge the “prior art” that influenced their
research directly or indirectly and spell out the exact
parameters of their literature searches. These historical
antecedents are critical for newcomers and students.
To accomplish this task has never been easy. In the
past, diligent scientists and engineers spent days in the
library searching printed indexes and abstracting services,
library catalogs, as well as textbooks and journals.
Today, we have electronic tools for searching. Nevertheless authors complain about information overload.
They often use that excuse to ignore the literature. I

The Size of the Literature
The Science Citation Index® consistently demonstrates
that about 90 percent of the millions of references cited
each year were published sometime in the past three
decades. And 50 percent involve papers published in
the last ten years. As in earlier decades, the vast
majority of citations are to relatively recent papers.
Nevertheless, authors continue to cite relatively older
works. If indeed 90% of what is cited is less than 30
years old, then 10% are over that age. ISI processes
about 20 million cited references per year. That means
two million are over 30 years old! This percentage
might even increase in the future as more electronic
legacy files are created. What people read is not
necessarily what they cite when publishing. Nevertheless, electronic access to the full texts of the older
journals significantly increases its use [2].
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Fig. 1. 2002 JCR Citing Journal Listing for Journal of Materials
Science.

Fig. 2. 2002 JCR Citing Journal Listing for Journal of the American
Ceramic Society.

What I have said so far is a general observation on
the whole of science and technology literature. The age
distribution of the cited literature varies from field to
field. What about materials science?
Figure 1 is taken from the 2002 Journal Citation
Reports (JCR) published by ISI. The first line shows
the total number of references cited by the Journal of
Materials Science in 2002, followed by the number
cited for each previous year in reverse chronological
order until 1993 followed by the “rest.” As you can
see, there were 15,232 references cited in the 2002
issues of this journal. Of these, 49.8% were to papers
published from 1993-2002. The remaining 50.2% were
papers or books older than 10 years. This tells us that
materials science is significantly different than other
fields in the age distribution of its cited references.
Only 21% of references cited in the Journal of
Biological Chemistry are over ten years old and even
less for journals in molecular biology!
What about the field of ceramics? A comparable
analysis for the Journal of the American Ceramic
Society shows that 47% are to the last decade, thus
confirming the pattern for the material sciences. Another
way to express these ideas is to say that materials
science and ceramics have low “immediacy” or relatively
high half-life. It will be interesting to see how and if
the numbers change as more electronic legacy files are
created in the future. In the past, the time and effort
involved in using the then available printed indexes to
Chemical Abstracts, Physics Abstracts, Engineering
Abstracts, etc. discouraged authors from searching the
literature. While electronic on-line access to Dialog and
other vendors in the 1970s made it easier to search the

literature, researchers continued to rely on library
specialists to deal with the techno-Babel of search
languages “spoken” by each database. However, the
revolution in personal computer and compact disk
technologies initially enabled researchers to personally
access -- directly, conveniently, and rapidly -- vast bibliographic databases. These technologies also offered
many more search options than were available with
printed indexes. ISI has published CD-ROM products
since 1980 and still publishes a
CD-ROM Citation Index product covering materials
science. However, for this paper, it is simpler for me to
demonstrate searches of the Science Citation Index by
using the Web of Science online edition to perform a
topical search on nano-ceramics.
The Materials Science Citation Index (MSCI) on CDROM [3] was launched a little over ten years ago to
meet the specific information needs of materials science
researchers. It fully covers more than 500 of the
leading journals in this specialty, including many
publications and conference material not covered as
sources in the Science Citation Index. Additionally, the
MSCI includes selective coverage of the thousands of
other source journals in the Web of Science. On an
annual basis, the MSCI indexes about 150,000 individual
materials articles selected from over 1,700 journals.
There are some popular myths about the scientific
literature, which would have you believe there are over
120,000 Sci-Tech journals published. In reality there
are only about 15,000 substantive [4, 5] scientific
journals published today. The mythical estimate includes
not just primary research journals but also thousands of
trade and popular magazines, newsletters, annual reports,
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Fig. 3. Distribution of Published Papers and Citations Covered by
Source Journals in 1994 SCI.

and so on. Without proper quantitative and qualitative
definitions, estimates of primary research journals are
meaningless. ISIs data consistently show that a comparatively small number of journals accounts for the vast
majority of what is published and what is cited. This is
demonstrated in the following graph.
Figure 3 shows the percentage of papers and citations
covered by ISIs source journals in 1994.
The data shown here are based on about 4,500
journals that were covered in the 1994 SCI Journal
Citation Reports. The blue line shows that just 100
journals accounted for more than 20 percent of the
articles covered in SCI. Even more interesting, the pink
line shows that 100 journals accounted for more than
40 percent of the papers cited. 600 journals accounted
for more than half of what is indexed -- and over 75
percent of the citations.
The comparable data for 2002 is reported in Fig. 4.
By indexing 6,000 journals, ISI is confident that it is
capturing not only the most significant journals of
international research but also a large component of the
low-impact literature as well. In 2002, however, 100
journals account for 18% of the papers published and
37% of the citations.
Another rough way to estimate the journal population
is to assume that the average journal publishes100
articles per year. Taking the previous estimate of
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Fig. 4. Distribution of Published Papers and Citations Covered
by Source Journals in 2002 SCI.

Fig. 5. Materials Science, Ceramics Journals (from 2002 JCR).
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Fig. 6. Materials Science, Ceramics Journals Sorted by Times
Cited.

15,000 journals, then the size of the annual literature
should be about 1.5 million published articles.
Let’s take a look at the journals in the field of
ceramics. The ISI Journal Citation Reports® (JCR®)
includes several categories under “materials science.”
One of them is devoted to ceramics. In Fig. 5, ceramics
journals are ranked by Impact Factor: The 2002 journal
impact factor is a measure of how often articles
published in 2000-2001 have been cited in 2002. Not
surprisingly, the Journal of the American Ceramics
Society is at the top but note that two much smaller
journals rank quite high.
The JCR uses several criteria to rank journals. In Fig.
6, we see the ranking by frequency of citation, that is,
total cites for 2002.
Another perspective can be found by looking at the
absolute number of 2002 articles published. The journal
Key Engineering Materials published 1287 articles in
2002, followed by the Journal of Non-Crystalline Solids
with 792.
Another ISI product called Journal Performance
Indicators provides a cumulative historical analysis of
citation and publication performance. JPI covers 22
years of the literature. Fig. 8 shows the ranking by
papers published, citations, and impact for all items
followed by impact for cited items only. For the
Journal of the American Ceramic Society, the impact of
the average article over the 22-year period is 15.15. But
this does not tell you the extremes. Some articles are
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Fig. 7. Materials Science, Ceramics Journals Sorted by Number of
Articles.

cited hundreds of times while others are never cited.
The literature of ceramics is quite large. In a
conference on nano-ceramics, what can we say about
the literature of this field? How can we identify the
journals in which such articles are published?
As the first step in answering this question, let me
show you how to use the Web of Science to search on
the general topic of nano-ceramics.
In Fig. 9, I have shown the search window of the Web
of Science for the title search for Nanoceram* or
(Nano* and Ceram*) at the top and first page of
results at the bottom.
In Fig. 10, I have plotted the results of that simple
search year by year in WoS using the keywords
Nanoceram* or (Nano* and Ceram*). Just doing a title
search produced a total of 571 papers. If we limit each
search by year, we obtain the picture of the growth of
this field. Starting with 1993, the literature has grown
enormously, but especially since 2000 the growth has
been spectacular.
Using a program which I will explain later, we
obtained the following ranked list of journals for this
topic. It is apparent that the literature of nano-ceramics
involves many different journals including those in
ceramics per se, materials science, as well as physics,
chemistry, etc.. This list is quite different from what we
found for the JCR listings for ceramics. In fact, over
200 different journals are represented in this search.
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Fig. 8. Journal Performance Indicators, 1986-2002 for Materials Science, Ceramics, Including Papers, Citations, Citation Impact.

Fig. 10. Papers Per Year on Nano-Ceramics.

Fig. 9. Typical General Search on Web of Science Nanoceram* or
(Nano* and Ceram*).

This is what information scientists would call a typical
example of Bradford’s Law [6].
Once we completed the WoS search on nanoceramics, we took the output of the search and fed it
into a program we call HistCite.™ HistCite analyzes
the file and tells us which authors publish most and
ranks the papers in the collection by citation frequency.
In Fig. 12, we see the first output of HistCite
arranged by date. Note the two earliest papers were
published in 1978 by Mock and Holt.
In Fig. 13, we have sorted the file by Local Citation
Score, that is, by frequency in the collection of nanoceramics papers. The paper by Roy and Chakravorty is
at the top. This paper has been cited globally in the SCI
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Fig. 12. Chronological Histcite File of Nano-Ceramics Papers
1978-2003.

Fig. 11. Ranked Journal List Showing Papers Published on NanoCeramics.

59 times. Note that the second paper is a 1996 paper
cited 75 times. This is also seen in the next Fig..
In Fig. 14, we see the sort by global score which
brings new papers to the top of the rankings. The
global score is the citation count for the entire scientific
literature, the frequency you would observe in the WoS
search. The paper by Page et al in the 1992 Journal of
Materials Research was cited 168 times.
In Fig. 15, we see the list of so-called Outer
References. This is a list of papers that were frequently
cited in our collection of nano-ceramics papers but did
not contain the keywords in the title. Note that many of
these papers by definition were published before the
earliest paper in the collection. Since HistCite is
designed to be an interactive process we can easily add
these earlier papers to our collection. To do this, we use
the autolink to Wos which retrieves the bibliographic
data. We then add that information to the HistCite file
as can be seen in Fig. 16.
In Fig. 16, we have the new HistCite file.
All users of bibliographic databases are aware of the
problems involved in using terminology to conduct
literature searches. To bypass these problems we take
advantage of SCIs unique cited reference search

Fig. 13. Nano-Ceramics Papers Sorted by Local Citation Score.

capability. So we have not only done a search on nanoceramics but have first added a dozen or so “outer
references” to the file. These are papers that were
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Fig. 14. Nano-Ceramics Sorted by Global Citation Score

heavily cited in the collection but did not themselves
contain the title keywords used in the search profile.
They are shown at the top of the Fig..
We also take advantage of the SCI’s unique capability
to find papers that have cited any of the 571 papers in
this file. Thus, in the next Fig. 17 the new augmented
file contains a total of 2889, of which 571 are the
starting group and the rest are papers that cite them.
From here we can proceed to the creation of the
historiograph of most-cited papers in the collection.
The HistCite software aids the researcher and
librarian by providing visual aids in the forms of
historiographs that show the links between the mostcited papers.
In Fig. 17 we show the historiograph resulting from
the integrated file. This demonstrates the board scope
of the nano-ceramics literature. To the left there is one
area of four key papers involving instrumentation and
measurement. On its right is the main topic of nano
crystalline studies. Paper 17 is the highly-cited 1989
review by Gleiter on nanocrystalline materials.
Further to the right is the area of sol-gel science. This
is highlighted by the Brinker-Scherer review in the first
issue of Sol-Gel, Volume 1, Number 1.
On the far right, the area of nano-composite literature
is illustrated by the 1991 paper on covalent crystal
composite published in Nature by Wakai et al of Nagoya.
I have given you several perspectives on the literature
of ceramics. As we know, the JCR has been published
for over 25 years. It is useful as far as it goes. It has

Fig. 15. Ranked List of References Outside Nano-Ceramics
Histcite Collection.

become an international standard for journal editors
and librarians. But there are some who would prefer
that JCR be more specific in identifying sub-categories
that are not easily identified by ISI’s heuristic
techniques. Several years ago my colleague, Alexander
Pudovkin, began a series of studies in which he
mapped the relationships between journals in the field
of Marine Biology [7]. More recently, he and I
published a paper in the Journal of the American
Society for Information Science & Technology which
discusses an improved procedure for generating lists of
related journals [8].
Without going into the details of its methodology,
suffice it to say we used citation and publication data
from the 1999 SCI on CD-ROM to find the closest
“semantic” links between journals. That is done by
starting with one or more known journals. We use a
simple formula shown in Fig. 18 to calculate the
Relatedness Factor (RF). The Relatedness Factor can
be obtained manually using citation and publication
statistics included in the Journal Citation Reports
mentioned earlier. However, we use a program called
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Fig. 16. Chronological Histcite File Based on Title Search on Nanoceram* or (Nano* and Ceram*), Citing Papers, and Key Outer
References.

Journal Cross Citation Analyzer (JCCA) to obtain RF
values automatically.
The first step in mapping the journal literature of
ceramics is to create a list of candidate journals using
the RF formula. We obtained the following two lists of
journals. The first is a list of the 24 journals most
closely connected (by RF) to the Journal of the American
Ceramic Society. See Fig. 19.
From this list of journals, we selected eight titles
which are used to form a macrojournal of ceramics.

These are shown at the top of Fig. 20.
At the bottom of Fig. 20 is the list of 24 journals
most closely linked to the macrojournal of ceramics.
The macrojournal is a composite of mainly the highest
RF journals of the 1st list. The two lists in Figs. 19 and
20 share the 17 journals shown in bold type Thus, the
combined list of 31 ceramic journals consists of 17
journals common to both lists and 14 other journals,
which are not shared and are specific to each list. That
list of 31 journals is shown in Fig. 21.

From materials science to nano-ceramics-citation analysis identifies the key journals and players
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Fig. 17. Nano-Ceramics Historiograph for the Combined Title and Cited References Searches.

The ten journals in boldface are included in the JCR
category for “Materials Science, Ceramics.”
Both of the maps shown are identical except that the
top shows one set of relationships and the button shows
journals covered in JCR.
To visualize relationships among these 31 journals
we used multidimensional scaling routine. MDS converts
the similarity matrices consisting of RF values for all

pair-wise combinations of these 31 journals into a 2dimensional map. The journals shared by both lists are
shown as open circles. Those which are specific for the
1st list are in blue, those unique to the 2nd list are in
purple. The sizes of the circles are proportional to the
journal sizes as measured by the pooled number of
references in the year of the journal chosen.
Shared journals are positioned close to the center of
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Fig. 18. Formula for Relatedness Factor.

Fig. 20. Top 8 Journals Included in Macrojournal of Ceramics
Bottom -- 24 Journals Ranked by Relatedness Factor to the
Macrojournal.

Fig. 19. 24 Journals Ranked by Relatedness Factor to Journal of
the American Ceramic Society.

the diagram, while journals unique to each list are
situated on the periphery. The Journal of Materials
Science (18) occupies the central position. Very close
to it are the Journal of the American Ceramic Society
(20), the Journal of Materials Science Letters (17), the
Journal of the European Ceramic Society (22). It is
interesting to note that the Journal of the Ceramic
Society of Japan (21) is somewhat isolated from the
central ceramic journals (20, 22, 4, 6, 7) but closer to
the “glass” journals: Physics and Chemistry of Glasses
(29), Glass Science and Technology (13), and Glass
Technology (14) on the periphery.

Fig. 21. Combined List of Journals of 31 Journals Based on
Merging the RF Lists for Journal of the American Ceramic Society
and the Ceramics Macrojournal.
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Fig. 23. Cited Reference Search on YW Kim J Mater Res 1996.

Fig. 22. Multidimensional Scaling Map of 31 Journals Showing
Journals Shared by or Unique to Two Previous Groupings.

The large and centrally situated journals - Journal of
Materials Science Letters (17), Materials Letters (25),
Journal of Materials Science (18), and Journal of
Materials Research (16) are not included in the JCR
subject category “Materials Science--Ceramics”, even
though they are quite close to the other key ceramics
journals: the Journal of the American Ceramic Society
(20) and to the Journal of the European Ceramic
Society (22). The journal Physics and Chemistry of
Glasses (29) also is not included in the JCR ceramics
category, though it does include two other “glass”
journals: Glass Science and Technology (13), and Glass
Technology (14).
In the bottom version of the map, only ten of the 31
journals are included in the JCR category of “Materials
Science, Ceramics”. They are shown in blue in the
bottom map. Alternatively, the open circles in the map
at the bottom are journals which are not included in the
JCR category for ceramics. Of course, one might ask
why JCR does not have a separate category for glass
journals. Alternatively our data seems to indicate that
the JCR category “Materials Science. Ceramics” should
be enlarged to include journals presented by our maps.
The most important advice I can give to young
researchers is to become “Citation Conscious”. Always
ask yourself when you are writing, or teaching, “Do I

Fig. 24. Nanotech Research Institutions Ranked by Citations and
Impact.
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have up-to-date information on the papers that I use?”
For that purpose you simply do a basic “cited
reference” search. This search will tell you whether the
paper in question is still valid or has, in some way,
confirmed, improved upon, or become obsolete. If you
are tempted to cite old classical resources, you might
be surprised to learn where and how they have been
cited in the recent literature. Many of the classical
dogmas we take for granted have been challenged.
Very little in science is forever! To illustrate how easy
this process is, I have shown in Fig. 20 how we do a
search on the paper by Y. W. Kim in the Journal of
Materials Research, 1996.
Some of you will remember a paper I presented
about ten years ago in Boston in 1993 [9]. Some of you

Fig. 25. Nanotech Most-Cited Authors.

Eugene Garfield and A. I. Pudovkin

may have been present or read this paper which was
published in the Journal of Materials Education in
1994. In closing, I simply wish to call your attention to
the paper which can be found on my website. The key
point one has to remember is that there is an important
distinction between the literature used, that is, cited by
nano-ceramists and the literature of nano-ceramics. To
put it another way, you are what you cite, not what you
say you are!

Appendix
Let me call to your attention a recent analysis of
nanotechnology reported in ISI’s Science Watch.
“Sweating the Small Stuff,” 1992-2002 [10]. The article
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includes two lists of 25 institutions each of which are
ranked by citations and by impact, Fig. 25.
While the University of California at Berkeley ranked
first by citations, it was fourth by impact. While NEC
ranked second by impact, it ranked seventh by citations!!
The article also provides a list of 25 most-cited
authors including Nobelist Richard Smalley.

7.
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