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Good afternoon. I would like to thank Rustum Roy for inviting
me to participate in this symposium. As many of you may know,
Rustum has been an outspoken advocate of the ethical responsibilities
of research scientists toward the vast archive of published knowledge.
Rightly so, he has championed the idea that it is a professional duty
of publishing scientists to actively search the literature-and explicitly
cite relevant prior sources. The current controversy over biomimesis
notwithstanding, he has consistently advocated an important ethical
point. Scientists are indeed obliged to know, and check, the
published record in conducting their research.

Since I started out 40 years ago as an information scientist, I’ve
believed that authors should be held by journal editors to the same
“due diligence” standards required by U.S. patent examiners of
inventors. That is, authors should formally assert to their best
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knowledge that their ideas are original. This implies they do not
duplicate discoveries already filed in the archives. Consequently,
authors should be required to acknowledge the “prior art” that
influenced their research directly or indirectly.

This concept may soon become a reality. Representative George
Brown, Chairman of the House Committee on Science, Space, and
Technology, is considering legislation that would require researchers to
formally state they had completed a literature search as part of their
grant proposals. These developments indicate a widespread
perception within the scientific community that researchers today are
failing to search and cite the older literature. These feelings parallel
similar perception of widespread misconduct.

What are the facts? The Science Citation Index consistently
demonstrates that in very year from 1964 to 1992, 50 percent of the
millions of references each year are to papers published in the
previous 6 to 7 years. And 90 percent are to papers published in the
last 25 to 30 years. These data suggest that not much has changed in
the citation behavior of publishing scientists over the past three
decades. As in earlier decades, the majority of citations are to
relatively current papers. But authors also continue to cite relatively
older works-in fact, 10 percent of references cited were published 25
years or more ago.

Keep in mind that these data are for science as a whole. It might
be possible that in materials science or other disciplines, the age
distribution of the cited literature may be different, perhaps been
skewed towards more current publications. As an example, the
following table shows the citation distribution for the Journal of
Materials Science, one of the highest impact journals in the field.

FIG. 1: 1992 JCR Citing Journal Listing
This table is taken from the 1992 Journal Citation Reports (JCR)

that accompany the Science Citation Index (SCI). The first line shows
the total number of references cited by this journal in 1992, followed
by the number or each year in reverse chronological order in 1992,
1991, and so on. As you can see, there were 18,400 cited references in
the 1992 Journal of Materials Science. Of these, about 9,300 (50
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percent) were to papers published over the last 10 years. The
remaining 50 percent were older than 10 years. This would suggest
that materials science is not significantly different than other fields in
the age distribution of its cited references. So perceptions of changed
citation behavior may not conform to reality.

But getting back to our discussion-of the many reasons why
scientists should get into the habit of literature searching, the most
obvious is to avoid the unwitting duplication of research-and the
wasted time, effort, and research funds such duplication involves.
This is not a new but rather long-standing problem.

In 1964, John Martyn showed how unintentional duplication of
research is related to ignored or missed sources in the literature. He
surveyed about 650 British scientists and asked if they had later
discovered information in the literature they wished they had at the
beginning of their projects. Twenty-two percent said yes and cited
245 specific instances. Of these, 18 percent involved unintentional
research duplication. And in 43 percent of these instances, the
researchers felt that time, money, or work was wasted.

It would be relevant to fund a follow-up study. And there are
other methods for obtaining a quantitative basis to verify-or
challenge-the general impression that researchers today are remiss in
searching and citing the literature.

What perhaps has discouraged authors from searching the
literature in the past was the time and effort involved in using the
then available printed indexes to Chemical Abstracts, Physics Abstracts,
Engineering Abstracts, etc. While electronic on-line access in the 1970s
made it easier for researchers to search the literature, they 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
(CD-ROM) technologies has enabled researchers for the first time to
access-directly, conveniently, and rapidly-vast bibliographic
databases. These technologies also offer many more search options
than are available with printed indexes. To demonstrate this, I will
use ISI’s new Materials Science Citation Index (MSCI) on CD-ROM with
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abstracts. Following this demonstration, I’ll illustrate how ISI’s
databases can be used to identify the most-cited materials science
papers of the past decade as well as the most productive and highest
impact nations and institutions.

The MSCI was launched a little over a year ago to meet the
specific information needs of materials science researchers. It fully
covers more than 400 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 ISI’s
database. A variety of algorithmic selection criteria are used. On an
annual basis, the MSCI  indexes about 90,000 papers together with
author abstracts in English.

I’d like to deflate a few popular myths about the scientific
literature. We are all familiar with the claims that researchers are
being overwhelmed by a flood of millions of papers published in
many thousands of journals every year. A popular-but
unsubstantiated-estimate claims that there are 40,000 scientific
journals in existence today. However, this estimate includes not just
primary research journals but also trade publications, popular
magazines, newsletters, annual reports, and so on. Without a proper
definition, both quantitative and qualitative, these estimates of
primary research journals are meaningless. The reason is simple: ISI’s
data consistently show that a comparatively small number of journals
accounts for the majority of both what is published and what is cited.
This is demonstrated in the following graph.

FIG. 2: Source/Citation Concentration, 1989 JCR
The data shown here are based on about 4,500 journals that

were covered in the 1989 SCI Journal Citation Reports. The dotted line
shows that just 100 journals account for more than 20 percent of
what is published. Even more interesting, the solid line shows that
100 journals also account for more than 40 percent of what is cited.
Only 600 journals account for more than half of what is published—
and over 75 percent of what is cited. Keep in mind that the source
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and cited journals are not necessarily one and the same. In any case,
by indexing 7,000 journals, IS1 is confident that it is capturing the
most significant journals of international research.

Let’s now move on to demonstrate how the Materials Science
Citation Index can help you navigate the literature of this research
specialty. The following examples use the latest edition of the MSCI,
covering the first eight months of 1993.

FIG. 3: MSCI CD-ROM Opening Screen
This is the opening screen for a search session on the MSCI

CD-ROM. It automatically starts with the “Basic Index” search. This
allows you to simultaneously search terms that appear either as title
words or author-supplied keywords, or ISI’s  unique Key Words Plus, or
in the author’s abstract.

And there are other search options. These can be seen by
selecting the “Fields” option from the menu at the bottom of the
screen.

FIG. 4: MSCI  CD-ROM Search Fields
In addition to the “Basic Index” field, you can also search

separately for title words, by author keywords, KeyWords Plus or
abstract text. Other search fields include author name, cited author
or cited reference, author address, abbreviated and full journal title.
The last field is used to combine sets.

Key Words Plus is an innovative search capability that represents
a breakthrough in information discovery and retrieval. It is designed
to help overcome the limitations of traditional title-word and author-
keyword indexing by more fully describing what a paper is about. It
does so by automatically supplying additional search terms taken
from the titles of papers cited by authors in their references. These
titles are retrieved from ISI’s  data bank. The KeyWords  Plus terms are
selected by an algorithm that parses title words or phrases, groups
them by frequency of occurrence, identifies the most significant terms,
and adds them as descriptors to the source paper record. KeyWords
Plus terms not only provide a more complete description of the source

Journal of Materials Education 16(5&6)
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paper, they also reveal topical or methodological aspects that would
otherwise go unnoticed. These points will be illustrated later.

Let’s now conduct a “Basic Index” search of the MSCI
CD-ROM. Our search example will focus on light-emitting polymers,
a currently “hot” topic. This was recently identified by Science Watch,
ISI’s  monthly subscription report on citation-based trends in research.

FIG. 5: Sample Search Statement
In this example, we have used Boolean logic and root truncation

to retrieve all papers whose titles, keywords, or abstract words
include all three terms shown here: LIGHT, any variants of EMI*  (such
as emit, emits, emitted, emitting, emission, and so on), and any
variants of POLYMER*.

The search could be limited by language and/or type of
document by selecting the “Limit” option at the bottom of the screen.
That is, you can specify the retrieval of only  those papers published in
English, French, German, Russian or 15 other languages. And you can
specify the retrieval of only original research papers, review articles,
correction or retraction notices, or 13 other types of source items.

However, we will not limit the search in this example. By
simply hitting the “Enter” key, the computer searches and retrieves all
papers with these terms.

FIG. 6: Number of Hits Displayed
In virtually an instant, the computer displays 47 “hits” that

match our search statement. By simply pressing the F4 key, the first
record in this set will be displayed.

FIG. 7: First Sample Hit-M. Uchida et al.
Complete bibliographic information is provided-all authors;

full article title; language and type of document; complete journal title;
volume, issue, page spread, and year; the Genuine Article number in
parentheses, which can be used to order a reprint through ISI’s
document delivery service; and the number of references and Related
Records. Related Records are another innovative tool for information
discovery and retrieval, which will be discussed later.

Journal  of Materials Education 16(5&6)
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As you can see, the record display also highlights our search
terms in the paper’s title. We can view the paper’s abstract and
keyword by selecting the relevant option at the bottom of the screen.

FIG. 8: KW/Abstract  Display for M. Uchida et al.
The search terms are also highlighted here in the paper’s

keywords and abstract. The authors have provided many keywords,
but half of them already appear in the title—“color-variable light
emitting diode” and “conducting polymer.” ISI has supplied two
KeyWords  Plus terms—“electroluminescent diodes” and “films.”
These suggest other useful terms to expand our search—
electroluminescent is synonymous with light-emitting. Following these
keywords, the complete abstract is displayed.

We can quickly see where the authors are based by selecting the
“Addresses” option on the MSCI CD-ROM.
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FIG. 9: Address Display for M. Uchida et al.
The authors are affiliated with Osaka University and the

Sumitomo Chemical Company, Ibaraki, Japan. We can also check the
address of the journal publisher, which is useful when you want
subscription or other information.

FIG. 10: Publisher/Conference Address Display
A complete address is provided, along with the ISSN serial

number for the journal. If the paper has been presented at a
conference, the title of the conference, location, dates, and sponsors
would be displayed for easy reference.

Let’s now view another paper from the set of 47 articles on
light-emitting polymers.
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FIG. 11: Second Sample Hit-D. Braun et al,
This paper is by D. Braun and colleagues at the University of

California at Santa Barbara. One of the co-authors, Alan Heeger,
discovered a class of conjugated polymers that could act like metals
or semiconductors while working at the University of Pennsylvania
with Alan MacDiarmid and Hideki Shirakawa. This discovery was
one of the early advances leading up to current work on light-emitting
polymers.

With the MSCI CD-ROM, you can view the references cited by a
paper. This is done simply by selecting the “CitedRefs”  option at the
bottom of the screen.

FIG. 12: References Displayed for D. Braun et al.
The screen shows all 15 references cited by Braun and

colleagues. You can automatically do a citation index search on any
of the references shown here simply by scrolling down to the desired
reference and hitting the return kev. The computer will then retrieve

  

all other records in the database which cited that reference.
The Related Records feature is a powerful tool that exploits the

associations and connections made by authors in the references they
cite. Related records searching is based on the principle of
“bibliographic coupling,” which identifies current papers that cite one
or more references in common. While hundreds of papers may be
related by bibliographic coupling, ISI’s  algorithm limits retrieval to the
20 papers most strongly coupled by shared references.

The unique advantage of Related Records searching-like all
citation-based searching-is that it can retrieve relevant articles
regardless of whether they have any title words in common. And it
permits you to navigate from one interesting connection to another.

When you select the “RelatedRecords”  option, the computer will
retrieve other papers in the database that are coupled
bibliographically by one or more shared references. The related
records are displayed in descending order of the number of shared
references.
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FIG. 13: First Related Record for D. Braun et al.
The first related paper is also by the same authors. Of the 18

references cited, 11 were also cited in the parent paper. Notice that
the title includes our search terms, which are highlighted So it would
have also turned up in the list of 47 papers retrieved by the title word
search. However this is not the case for the next related record.

FIG. 14: Second Related Record for D. Braun et al.
This paper is by A. Kraft and colleagues at Cambridge

University, England. Note that its title does not include any of our
search terms. It cited 22 references, of which 8 were also cited by
Braun. And by using the “SharedRefs”  option, those 8 references
cited in common can be displayed.

Let’s view its abstract to learn more about it.

Journal of Materials Education 16(5&6)
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FIG. 15: KW/Abstract Display for A. Kraft  et al.
The author-supplied keywords do not include any of our search

terms. But note that the KeyWords Plus terms include them all, as
indicated by highlights. That is, by another citation-based search
connection, this paper has been identified as relevant to the topic of
light-emitting polymers. However, this paper would not have been
retrieved by traditional title word, author keyword, or abstract word
searches.

Let’s move on to another related record.

FIG. 16: Third Related Record for D. Braun et al.
This paper by G. Gustafsson and colleagues, including Alan

Heeger, at the UNIAX Corporation in Santa Barbara, which was
founded by Heeger in 1990 to produce and market conjugated
polymers. The title suggests another useful term to expand our
search-plastic, which is synonymous with polymer, and LED, the
acronym for light-emitting diode.
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I should point out that a paper retrieved by Related Records
searching can itself be the subject of a Related Records search. For
example, there are 20 related records linked by bibliographic coupling
with this Gustafsson paper. In fact, Related Records searching can be
iterated through five stages or levels. The next example shows a
related record linked to the Gustafsson paper.

FIG. 17: First Related Record to Gustafsson
This paper is by N. S. Sariciftci and colleagues at UC-Santa

Barbara, including Heeger and Braun. Interestingly, this paper makes
a connection between light-emitting polymers and
buckminsterfullerene, another very hot area of current research
following the discovery of this third natural form of carbon in 1985 by
Harold Kroto, University of Sussex, England, and Richard Smalley
and colleagues at Rice University. By examining the 20 records
related to it by bibliographic coupling, we could identify another 7
papers directly relevant to buckyballs and light-emitting polymers.





346

Navigating the Materials Science Literature

Let’s return now to our original search set and examine another
retrieved record.

FIG. 18: Third Sample Hit-F. Meyers et al.
This paper is by F. Meyers and Heeger at UC-Santa Barbara,

and J. L. Bredas  at the University of Mons Hainaut, Mons, Belgium.
Note that none of our search terms appear in the title. Let’s now
display its abstract.

FIG. 19: KW/Abstract  Display for F. Meyers et al.
The author-supplied keywords also do not include our search

terms. However, all the search terms do appear as KeyWords Plus 
terms. In addition, the search terms also appear in the abstract. The
obvious overlap demonstrates the relevance of KeyWords Plus  terms to
the content of the paper.

Let’s move on to another “hit” from the search set.
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FIG. 20: Fourth Sample Hit-R. 0. Garay et al.
This paper is by R. 0. Garay and colleagues at the Max Planck

Institute for Polymer Research, Mainz, Germany. The title does not
include any of our original search terms. Let’s now display its
abstract.

FIG. 21: KW/Abstract Display for R. 0. Garay et al.
As you can see, no author keywords are provided. This makes

the KeyWords Plus terms even more valuable as additional descriptors
of the paper’s content. Indeed, seven Key WordsPlus  terms have been
added, which include all of the original search terms. The abstract
also includes the search terms, again confirming the relevance of
KeyWords Plus  terms as subject descriptors for this paper.

Let’s move on to the final record from our search set.
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FIG. 24A:  Most-Cited Mat Sci Papers, 1981-1992
In this series of tables are listed 22 papers published from 1981

through 1992 that received at least 160 citations during this period.
The most-cited paper is by A. Ishizaka and Y. Shiraki of the

Hitachi Corporation, Tokyo. It concerns a method for surface
cleaning of silicon and its use in silicon molecular beam epitaxy
(MBE). Published in 1986, it has received 327 citations through 1992.

In the time remaining, we can only scan the titles of the papers
on these tables. Most of you are better familiar with the topics
covered here so my comments will focus on bibliographic details.

As you can see, three of the most-cited papers shown here are
by authors based in Japan. For the 22 most-cited papers, 15 were by
authors based in the U.S. Japan follows with 4 papers. The following
nations each accounted for one: Australia, India, and the U.K.

FIG. 24B: Most-Cited Mat Sci Papers, 1981-1992 (cont.)
The 22 most-cited materials science papers were published in 11

journals. The Journal of the Electrochemical Society accounted for 5
papers. The following journals each accounted for 3 papers: Journal
of the American Ceramic Society, Journal of Vacuum Science and
Technology A-Vacuum Surfaces and Films, and the Journal of Materials
Science. Two papers each were published in the Journal of Vacuum
Science & Technology B-Microelectronics Processing and Phenomena and
Thin Solid Films. The following journals published one each:
Advanced Ceramic Materials, IEEE Transactions on Magnetics, Progress in
Materials Science, and Solar Energy Materials.

FIG. 24C:  Most-Cited Mat Sci Papers, 1981-1992 (cont.)
This table shows the remaining most-cited materials science

papers for the period 1981-1992.
It is relatively straightforward to derive various rankings from

these lists of papers. In the following table, the most-productive
nations are listed, ranked by the number of papers they produced in
the entire materials science database of 161,000 papers.
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FIG. 25: Most-Productive Nations, 1981-1992
Twenty-two nations that produced at least 1000 materials

science papers during the period 1981-1992 are listed. As you can
see, the U.S. accounted for the most papers. Authors based in the
U.S. appeared on 61,000 papers that received 236,000 citations,
giving an overall impact of 3.87.

Japan is the second most-productive nation with about 17,000
papers. The old Federal Republic of Germany and the United
Kingdom are next, each with more than 10,000 papers. However, the
overall impact of U.K. papers (3.19) is appreciably higher than that
of Germany (2.50).

The following table identifies the highest impact nations in the
materials science database.

FIG. 26: Highest Impact Nations, 1981-1992
The table shows 24 nations that published at least 250 papers

over the 12-year  period and achieved an impact of at least 2.0. By
setting a threshold of 250 or more papers, we effectively “censor” the
occasional statistical “outliei’-that is, nations that may achieve high
impact on the basis of just a few highly cited papers.

The rankings here are significantly different than in the previous
table of the most-productive nations. The highest impact nation is the
Netherlands, with a 12-year  impact of 4.02. While it ranks first on
impact, the Netherlands ranked 13th in terms of productivity.

The U.S. is second with an impact of 3.87, and Australia and
Israel have virtually the same impact-3.35 and 3.33, respectively.

Nine of the highest impact nations listed here were not among
the most-productive nations in the previous table. They are indicated
by asterisks-Argentina (3.231, Denmark (3.221, Austria (2.651,
Belgium (2.58),  Hungary (2.52),  South Africa (2.31), Norway (2.23),
Greece (2.04), and New Zealand (2.01)

The following table identifies the most-productive institutions in
the 1981-1992 materials science database.
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1                   U S
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4                     U K
5                          USSR
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Poland
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Taiwan (ROC)
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1981 1981-92
Papers Citations
61,117 236,426
16,941 54,201
11,190 27,920
10,587 33,735

9513 2619
6428 16,085
6235 19,648
5997 11,029
2530 7331
2269 7592
2236 6956
2098 2311
1855 7464
1636 3316
1630 2433
1612 3263
1569 4621
1296 2008
1279 4261
1245 3086
1040 1246
1010 1974

1982-92
Impact

3.87
3.20
2.50
3.19

.28
2.50
3.15
1.84
2.90
3.35
3.11
1.10
4.02
2.03
1.49
2.02
2.95
1.55
3.33
2.48
1.20
1.95
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17                 FRG
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*Greece
Poland
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3.87
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3.23
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3.19
3.15
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2.90
2.65
2.58
2.52
2.50
2.50
2.48
2.31
2.23
2.04
2.03
2.02
2.01

1855
61,117

2269
2269

397
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16,941
10,587

6235
2236
1569
2530

724
850
424

6428
11,190

1245
564
327
398

1636
1612
373

7464
236,426

7592
7592
1263
1383

54,201
33,735
19,648

6956
4621
7331
1917
2190
1069

16,085
27,920

3086
1302

728
811

3316
3263

750
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FIG. 27: Most-Productive Institutions, 1981-1992
Twenty-three institutions that published at least 750 papers are

listed. IBM is the most productive, with 3,000 papers that received
21,000 citations for an overall impact of 7.06. The former Academy
of Sciences of the USSR ranks second with 2,700 papers, but its
impact is rather low-0.56. Of course, since the independence of the
former Soviet republics, ISI  is separately indexing papers produced at
the science academies of each new nation. However, it has only been
about two years since these republics have gained their
independence-too short a time for them to have produced enough
papers to appear in these rankings.

In addition to IBM, three other corporations are listed: AT&T
Bell Labs (#6,  1,308 papers); General Electric (#9,  1,162 papers); and
Hitachi (#19,  785 papers).

Also, several government agencies and national labs are listed:
U.S. Navy (#7, 1,288 papers); Sandia National Labs (#ll, 1,009
papers); NASA (#14, 930 papers); Oak Ridge National Lab (#20,
782 papers); and Australia’s Commonwealth Scientific and Industrial
Research Organization (#22,  755 papers).

Let’s now identify the highest impact institutions in the 1981-
1992 materials science database.

FIG. 28: Highest Impact Institutions, 1981-1992
Twenty-four institutions that published at least 250 papers

during this period and achieved an impact of at least 5.0 are listed.
Of these, 16 institutions did not rank among the 23 most-productive
institutions in the previous table, and they are indicated by asterisks.
In fact, the six highest impact institutions shown here were not among
the most productive-Xerox Corporation (10.411, Bell Telephone Labs
(9.67),  Rockwell International (9.451, Princeton University (8.371, UC-
Santa Barbara (8.03), and Caltech  (7.25).

This concludes our demonstration of new electronic tools for
navigating the materials science literature, and our brief citationist
perspective on the field. I hope this presentation has been successful
in showing you how flexible, effective, and easy it is today for
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Highest Output Institutions in Materials Science, 1981-1992 SC/

Rank

1
2
3
4

1981-92
Citations

21,328
1531
4092

1982-92
Impact
7.06

.56
2.24

7
8
9

10
1 1
12
13
14
15
16
17
18
19
20
21
22
23

Institution

IBM Corp
Acad Sci USSR
Indian lnst Tech
UC-Berkeley

5                   MIT
6         AT&T Bell Labs

US Navy
Pennsylvania State Univ
GE Corp
Univ Illinois
Sandia Natl Labs
Stanford Univ
Tohoku Univ
NASA
Tokyo lnst Tech
Kyoto Univ
North Carolina State Univ
Univ Tokyo
Hitachi Ltd
Oak Ridge Natl Lab
Max Planck  lnsts
CSIRO  (Australia)
Case Western Reserve Univ

1981-92
Papers

3020
2735
1829
1504 7961 5.29
1498 8308 5.55
1308 6419 4.91
1288 5253 4.08
1174 5281 4.50
1162 4633 3.99
1067 5604 5.25
1009 5006 4.96

978 6870 7.02
970 6077 6.26
930 3466 3.73
917 3321 3.62
905 2708 2.99
855 3805 4.45
813 2448 3.01
785 2992 3.81
782 4007 5.12
767 4618 6.02
755 2718 3.60
754 3374 4.47

FIG. 27



Highest Impact Institutions in Materials Science, 1981-1992 SC/
(at least 250 papers)

Rank
1
2
3
4
5
6
7
8
9

10
1 1
12
13
14
15
16
17

Institution
*Xerox Corp
*Bell Tel Labs Inc
*Rockwell lntl Corp
*Princeton Univ
*UC-Santa Barbara
*Caltech

IBM Corp
*Natl Bureau Standards
Stanford Univ

‘Philips Res Labs
Tohoku Univ
Max Planck  lnsts

*Cornell Univ
MIT

*Solar Energy Res lnst (Colorado)
*Univ Pennsylvania
UC-Berkeley

*Univ Minnesota
*Nippon Telegraph & Telephone

20         Univ Illinois
*Univ Cambridge
Oak Ridge Natl Lab

*Exxon Corp
*Univ Wisconsin

 
1981-1992

Impact
10.41

9.67
9.45
0.37

19

21
22
23
24

8.03
7.25
7.06
7.04
7.02
6.50
6.26
6.02
5.63
5.55
5.41
5.34
5.29
5.29
5.25
5.25
5.13
5.12
5.09
5.04

1981-1992 1981-1992
Papers Citations

365 3388
698 6751
562 5310
290 2420
296 2378
552 4001

3020 21,320
678 4770
970 8870
603 3918
970 6077
767 4618
712 4005

1498 8308
254 1373
377 2013

1504 7961
542 2869
542 2847

1067 5604
565 2901
782 4007
323 1645
711 3582

FIG. 28
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researchers to discover and recover relevant information from the
published literature.

By exploiting new personal computer and CD-ROM
technologies, researchers can explore the literature without the
technical assistance of information specialists-and in the
convenience of their offices and labs. With the availability of these
databases, there is no reason why researchers should not be able to
identify-and formally acknowledge-the “prior art” that has
contributed to their current work.

Having recently returned from a series of lectures at
undergraduate colleges, it is clear that the problem begins with
teaching. That is, too few colleges require undergraduates to learn
how to search the literature. But with proper mentoring, students
should come to graduate school already “conditioned” to do “prior
art” searching-and practice these techniques throughout their
research careers, whether in academia or industry.
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