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t the request of Science,""! David Pendlebury of the Institute for

Scientific Information analyzed the citation rate of papers in

various scientific disciplines and found that 72% of all papers
published in engineering had no citations at all.”! Pendlebury looked at all
the engineering papers in the Institute for Scientific Information database
published in 1984 and then searched for citations of these papers through
1988. Using the same methodology, he found that physics and chemistry
had the lowest rate of "uncitedness": 36.7% and 38.8%, respectively. The
average for all hard sciences, including engineering, was 47.4%, and the
average uncitedness for chemical engineering was 65.8%.

These numbers, if truly representative, are very discouraging for those
of us in the research arena. Even more important, they present compelling
data for those who make the case that the irrelevance of much graduate
research demands its deemphasis in academe.
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In this paper we will present pub-
lication/citation data for the Depart-
ment of Chemical Engineering at the
University of Kentucky. Based on
these data, we will show the distri-
bution of citations by year from pub-
lication date for the most cited pa-
pers. We will also examine the rela-
tionship, if any, between the journal
in which the paper was published
and the number of citations based
on the journal's impact factor for
1988. In addition, we will list the
top eighteen U.S. chemical engineer-
ing departments by citations per pa-
per published recently in a low-cir-
culation publication and tabulate
many benchmark statistics for cita-
tion comparisons of papers, faculty,
and departments. Finally, we will
present the procedures for determin-
ing the citations of a given paper,
both by hand and by computer.
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article.

TABLE 1
Summary of Current University of Kentucky ChE Faculty
Publications (1977-1988)" and Citations (1977-1990)*

Net #Papers  #Papers  # Papers Indexed/  # Papers  # Papers Uncited/ Net Citations/

Faculty Citations Published ~ Indexed # Papers Published % Cited  # Papers Indexed'% # Papers Indexed
Professor A 137 27 17 63.0 13 235 8.06
Professor B 13 4 2 50.0 2 0.0 6.50
Professor C 66 14 11 78.6 8 273 6.00
Professor D 47 14° 11 78.6 11 0.0 4.27
Professor E 34 10 8 80.0 8 0.0 425
Professor F 71 28 17 60.7 15 11.8 4.18
Professor G 54 14° 14 100.0 12 14.3 3.86
Professor H 88 30° 23 76.7 21 8.7 3.83
Professor I 15 5 4 80.0 4 0.0 3.75
Professor J 149 51 42 82.4 29 31.0 3.55
Professor K 10 14 12 85.7 6 50.0 0.83
Totals 684 211 161 129 -
Average 62 19 - 76.3 o 19.9 4.25

! Source of Publications: ACS Directory of Graduate Research, 1979, '81, '83, '85, '87, '89

? Source of Citations: SSI Data Bases (File 432, 1974-'79; File 433, 1980-'86; File 434, 1987-'89; File
34, 1989-'90 Wk 48)

? Includes papers published before faculty appointment.

* Modified Pendlebury Uncitedness Index
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was investigated for papers published over a much longer
time period than the Pendlebury Study and covered citations
made over a more extended period. The study was carried
out using publications of the current chemical engineering
faculty at the University of Kentucky and the computer
database for Science Citation Index on Dialog.

METHODOLOGY

Publication lists were compiled for each of the faculty
members based on listings in the ACS Directory of Gradu-
ate Research published in 1979, 1981, 1983, 1985, 1987,
and 1989. Since the entries are for the two preceding years
except for new faculty, the publication span was the twelve-
year period from 1977 to 1988. At present, the database is
divided into two groups: File 34 covers entries from 1988 to
the present, while File 434 now covers entries from 1974 to
the present. (The files at the time of the search are listed in
Table 1.) The database is updated weekly, and the search
period for the articles extended to December 31, 1990.

Since most published work from chemical engineering
departments is the result of graduate student effort toward an
MS thesis or a PhD dissertation, most professors follow
tradition in putting the graduate student's name first. This
requires a search for that name since only first-author names
are available in the database. When the reference was found
in a file, the number of citations was given to the left and
the actual citations including authors, titles, journals,
and affiliations were then printed out. This list was then
searched by eye to see if any of the listed publications
were written by any of the authors in the originally cited
article. These items were subtracted from the total to give
"non-self" or "net" citations. The details of this procedure

TABLE 2
IlTop 15"
(Most Frequently Cited Papers Published 1977-88 by
University of Kentucky Chemical Engineering Faculty)
Net
Papers Citations Date Journal

A 36 1980 J. Colloid Interface Science

B 33 1978 J. Aerosol Science

C 29 1978 Ind. Eng. Chem. Prod. Res. Dev.

D 22 1978 Ind. Eng. Chem. Prod. Res. Dev.

E 21 1977 Chem. Eng. Science

F 21 1981 Adv. Colloid Interface Science

G 21 1986 Atmos. Environ.

H 18 1984 Atmos. Environ.

1 17 1977 Atmos. Environ.

o § 14 1977 J. Chem. Phys.

K 13 1985 Fuel

L 11 1988 Prep. Pap.—Am.Chem.Soc., Div Fuel Chem.
M 10 1979 Sep. Sci. Technology

N 10 1979 Atmos. Environ.

(0] 9 1984 . Electroanal. Chem. Interfac. Electrochem.
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done online are illustrated in the Appendix to this paper.

RESULTS AND DISCUSSION

Papers Published, Indexed, Cited » The number of papers
published by current University of Kentucky faculty as listed
in the ACS Directories of 1979 to 1989 total 211, as shown
in Table 1. Of these, only 161 (76.3%) were found in the ISI
database as of December 31, 1990. The percent of papers
published to papers in the database ranged from 50% for
Professor B to 100% for Professor G. All subsequent figures
will be based on the papers that were found in the database.

Of the 161 papers indexed, 129 were cited by others, for a
79.5% citedness—or using Pendlebury's terminology, 21.5%
uncited. This is a much more encouraging result than the
65.8% uncitedness reported by Pendlebury mentioned
earlier (this discrepancy will be discussed later in this
paper). As shown in the table, four researchers had all
their papers cited while the more prolific authors ranged
from 8.7% to 31% uncited.

Another interesting number is the net citations per paper
indexed by author. In this study the average was found to be
4.25 and ranged from 0.83 citations/paper indexed to a high
of 8.06 citations/paper indexed.

Most Cited Papers * The "Top 15" papers cited that were
written by University of Kentucky chemical engineering
faculty are grouped in Table 2. The total net citations range
from 36 for Paper A (published in 1980) to 9 for Paper O. In
all, there are 285 net citations for the fifteen papers, giving a
mean of 19.0 citations/paper. For the "Top 10" papers the
mean number of citations is 23.3.

Time Distribution of Citations * An interesting question is
"When do papers get cited following their publication?" The
answer is indicated by a distribution plot (Figure 1) where 0
on the abscissa represents the year of publication, | the
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Figure 1. Distribution of net citations of "Top 15" papers
by University of Kentucky chemical engineering faculty
by year after publication.
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following year, etc. The distribution of the 285 citations garnered by
the "Top 15" papers shows a peak in the second year. Individual
results for the papers indicated that wide variations were possible:
Paper L had 27% of its citations in the first year and 73% in the second
year. In the jargon of citedness, this would be labeled a "high impact"
paper. Its half-life is 1.5 years (calculated as the year or fraction
thereof when one-half the total number of citations occurred). Paper G
showed similar behavior, with a half-life of 2.5 years. By contrast,
Paper J had the longest half-life of 9.6 years. For the fifteen most-cited
papers the mean half-life was 4.5 years.

Citations of Chemistry Papers * 1S1 has published"™ a list of the Top
101 chemistry papers published in 1986 and cited from 1986 to 1990.
The average number of citations for this period was 87.8, and the mean
half-life of the papers was 1.94. Obviously, this number would in-
crease as the period of citation collection is lengthened. These half-life
differences probably explain Pendlebury's higher uncitedness for chemi-
cal engineering compared to chemistry, as well as the high value of
uncitedness. As we all know, getting a paper in print can be a frustrat-
ingly long procedure.

Journal Rankings by Citedness * Another question is, "Does the
number of citations depend on the journal in which the article is
published?" The Journal of Citation Research reports an impact factor
for all the journals in the ISI database at regular intervals: "The impact
factor of Journal X would be calculated by dividing the number of all
current citations of source items published in Journal X during the
previous two years by the number of articles Journal X published in
those two years." Table 3 lists the top twenty-five chemical engineer-
ing journals by impact factor in 1991." The highest impact factor is
2.39 for the Journal of Catalysis. By contrast, the impact fvactor for
Science is 19.61 and for Nature is 19.34. A plot of the number of
citations for the "Top 15" University of Kentucky papers versus the
1988 impact factor for the journal in which they were published is
shown in Figure 2. (Only fourteen papers are analyzed here because
one of the "Top 15" appeared in a journal that had no impact factor
available in 1988.)

The most interesting observation is that six of the most highly cited
articles were in journals with an impact factor below the mean value.
This would suggest that these articles "rose above" expectations for
the journal in which they were published. For the three articles in
journals with impact factors above 2.2, one had slightly more than the
mean number of citations while the other two had less. Based on this
limited information, one can tentatively conclude that publishing in
high impact factor journals in chemical engineering does not guaran-
tee many citations and that significant papers will be highly cited
regardless of the journal in which they are published.

Benchmark Data » While this paper was in preparation, an article
was published listing the "Top 25 Universities in Three Different
Fields of Chemistry and Chemical Engineering" based on the number
of total (not net) citations in 1984-1991 for papers published in 1984-
1990.5! A minimum of seventy papers (average of 10 a year) had to be
published by the department for inclusion. Seven of the top twenty-
five were chemical engineering departments at non-U.S. universities.
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TABLE 3
Top 25 ChE Journals Ranked by
Impact Factor*
Impact
Rank  Tile Factr
1 JCatal 2.386
2 Plasma Chem Plasma P 1.507
3 Prog Energ Combust 1.467
4  Rev Environ Contam T  1.325
5 Energ Fuel 1.199
6 AIChE ] 1.196
7 J Membrane Sci 0.961
8  Transport Porous Med  0.872
9 Chem Eng Sci 0.870
10  Fuel 0.838
11  Comput Chem Eng 0.833
12 Fluid Phase Equilibria  0.786
13 J Chem Eng Data 0.785
14  Ind Eng Chem Res 0.773
15 Int ] Miner Process 0.739
16  Environ Prog 0.693
17  Separ Purif Method 0.667
18  Color Res Appl 0.641
19  Fuel Process Technol 0.640
20  Powder Technol 0.615
21  J. Adhes Sci Technol 0.614
22  Chem Eng Res Des 0.595
23 Chem ZTG 0.570
24 J Chem Technol Biot 0.566
25  J Adhesion 0.559
* Categorization and abbreviations
used by SCI'"!
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Figure 2. Number of citations for Top 15
papers by University of Kentucky chemical
engineering faculty versus JCR impact factor
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Although the time span does not match that selected for this
paper, many benchmarks are now available for comparison.
A listing of the eighteen U.S. universities with the papers
published, citations made, and the ratio of total citations per
paper is shown in Table 4. Data are based on 34,708 articles
published in fifty-eight journals with 62,569 citations. This
gives a worldwide citation rate of 1.80 citations/article. As
noted in the table, the top U.S. departments range from
greater than three times to about twice the world citation
rate. The top eighteen U.S. universities published 5.73% of
the papers but garnered 15.7% of the citations, with a mean
value of 4.95 total citations/paper.

Finally, the question of what constitutes a highly cited
paper in chemical engineering is answered. For the eighteen
U.S. universities, sixty-two papers were published over the
seven-year period that had more than fifty citations (includ-
ing self-citations). (This contrasts to the 101 chemisty pa-
pers published in one year (1986) that had a mean citation
rate of 87.8.) There is the possibility that there were other
highly cited papers at unlisted schools. Assuming there were
very few such papers, one can infer that about eight papers
per year receive fifty or more total citations in chemical
engineering. This means that only 0.2% of the articles pub-
lished worldwide in chemical engineering receive fifty or
more citations. Half of the U.S. schools had from five to
eight papers cited fifty or more times. Assuming exactly
fifty citations, one can calculate that the remaining papers
from those schools had a mean value of 2.9 total citations/

paper, a modest figure. These benchmarks are summarized
in Table 5. It is surprising that less than one paper per faculty
member per year is the publication rate for the top depart-
ments. This number is possibly 25% low; the data for Ken-
tucky in Table 1 indicates that only 76.3 of its published
papers were found in the ISI database.

Cautions in Use of Citation Data * Extreme caution must
be taken in comparing any of the numbers in Table 1 with
the above results. The table does not include five faculty
members who contributed significantly to the research of the
department during this time period but who are no longer in
the department; therefore these are not departmental aver-
ages. The value of 4.25 net citations/paper indexed com-
pares favorably to the 4.95 total citations/paper for the top
eighteen U.S. universities, even though the citation time
periods are different.

Finally, many red flags have been raised about the indis-
criminate use of citation data. MacRoberts and MacRoberts'®
present a critical review of seven problems in citation analy-
sis, one of which is that the total number of citations varies
with the number of workers in the field. Life sciences domi-
nate, as evidenced by the list of the one-hundred most-cited
papers of all time. Only a few were not in this field. The
same can be said for branches of chemical engineering:
some are characterized by considerable activity and others
are not. Other precautions, discussed by Garfield and
Welljams-Dorof,”! include:

TABLE 4 TABLE 5
Top 18 U.S. Chemical Engineering Departments Based on Citations/Paper’ Publication and Citation Benchmarks
for Chemical Engineering, Based on
Papers  Citations  Citations Papers/Faculty Citations/Faculty ISI data*
Rank Department (1984-90) (1984-91) perPaper  Faculty’ per Year per Year (Total Citations Include Self-Citations)
1 Carnegie Mellon University 98 670 684 16 0.88 5.23 World-Wide
3 University of Wisconsin, Madison 106 629 593 205 0.74 3.84 * 1.8 citations/paper :
4 University of Minnesota, Minneapolis 125 697 558=975 -065 3.17 * approximately 0.2% papers cited
5 University of Texas, Austin 132 733 555 22 0.86 4.16 more than fifty times
6 Ma'ssacl‘lusetts Institute of Technology 205 1,134 553=-30 0.98 4.73 Top Eighteen U.S. Departments
7 University of Delaware 126 693 550 205 0.88 4.23 « Published 5.73% of all papers;
8 California Institute of Technology 76 411 541 105 1.03 4.89 garnered 15.7% of all citatiom':
9 Notre Dame University 74 400 541 105 1.01 4.76 worldawide)
11 University of Houston 98 485 495 155 0.90 391 >
12 Syracuse University 80 359 449 12 0.95 3.74 = ‘1)5;:; g:ﬁzg:fm:;f; ;::’yem
13 Pennsylvania State University 189 846 448 19 1.42 557 = 4'95 dtationvpaper
14 University of California, Berkeley 94 417 444 21 0.64 2.48 = 3'9 4 citations/faculty member per year
15 University of California, Davis 100 421 421 11 1.30 478 = a. vokimately 7k papetsfyedr cited
16 Northwestern University 88 368 418 20 0.63 2.30 m‘:)l;e s ﬁfé ﬁmes
17 Lehigh University 106 437 412 16 0.95 341 « approximately 3.1% papers clted
18 University of Illinois, Urbana 81 333 4.11 115 1.01 3.62 more than fifty times/papers pnblished
19 Univerity of Massachusetts 117 451 385 15 111 3.76 by these departiients
20 Ohio State University 93 355 382 14 0.95 317 less than 2.9 citations/paper If the
Total (Mean) 1,988 9,838 (4.95) 3125 (091  (3.94)" highly cited papers are subtracted
from the totals
! Reference 5 - - .
? Average number of faculty reported in Chemical Engineering Faculties 1983-84 and 1990-91 (Emeritus excluded) 1 Papers published 1984-1990 (with 70 minimum o
31988/7 x 312.5 = 0.91 papers/faculty—year Chemical Ervineeiie Dinibodntio b ticidod)
*9838/8 x 312.5 = 3.94 citations/faculty—year Citations for 1984-1991. Source, reference 5.
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> Whether citations reflect agreement or disagreement. In the
hard sciences they say disagreement is relatively rare and is
generally widely known; (e.g., the cold fusion controversy).

B> Self-citation in excess is usually handled in the peer review or
editorial process. It can be corrected for, as was done in the
study for the University of Kentucky data.

> Citation circles "conspire" to cite preferentially the work of
authors in the group. Such authors must be very prolific to
skew citation numbers.

B> Papers focusing on experimental methods, which are not typi-
cally found in chemical engineering publications, tend to be
cited far more frequently than theoretical papers.

> Obliteration phenomenon which refers to breakthrough ad-
vances (e.g., Einstein's theory of relativity paper) is cited less
[frequently over time. A similar fate might befall good "learn-
ing papers" which, after the learning by students and faculty,
are not cited.

Aware of these limitations, the authors state that citation
analysis can still be used and has been used as a quantitative
measure to determine the "relative impact of individuals,
journals, departments, institutions, and nations. In addition,
citation data can be used to identify emerging specialties,
new technologies, and even the structure of various research
disciplines, fields, and sciences as a whole."

SUMMARY

The answer to the question posed in the title of this paper
is "yes." For the top eighteen U.S. chemical engineering
departments, the papers published from 1984 to 1990 were
cited (1984-1991) from 6.84 to 3.82 total citations/paper
published by the various departments. For the current chemi-
cal engineering faculty at the University of Kentucky, the
papers published from 1977 to 1988 and indexed by ISI from
1977 to 1990 averaged 4.25 net citations.
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Appendix

Searching for Citations : Online via Dialog

File 434:SCISEARCH(R) 1974-9306W3

(c) 1993 ISI Inc.
**File434: Contains complete, merged SciSearch file
**Includes abstracts as of 1991

Set Items Description
?<e cr=hamrin ce
It is necessary to expand on the cr (cited reference=first author) search
command since the way the citations are entered may not be consistent. E16-
E19 are examples of the same report being entered different ways. There may
also be differences in the way pages or volumes are listed. And, due to the
nature of the database there are often typos.

Ref Items Index-term

El 2 CR=HAMRIN B, 1977, V533, ACTA MED SCAND S

E2 1 CR=HAMRIN B, 1982, P658, ACTA MED SCAND S

E3 0 *CR=HAMRIN CE

E4 1 CR=HAMRIN CE, UNPUBLISHED

ES 1 CR=HAMRIN CE, 1961, V35, P899, ] CHEM PHYS

E6 3 CR=HAMRIN CE, 1966, V32, P918, PHYSICA

E7 1 CR=HAMRIN CE, 1967, P243, P C CHEM VAPOR DEPOS
E8 2 CR=HAMRIN CE, 1967, P243, P C CVD REFRACTORY M
E9 1 CR=HAMRIN CE, 1967, P243, 1967 P C CHEM VAP DE
E10 1 CR=HAMRIN CE, 1971, V110, P422, AM ] OBST G

Ell 2 CR=HAMRIN CE, 1971, V110, P422, AM J OBSTET GYNEC
E12 3 CR=HAMRIN CE, 1975, V54, P288, FUEL

E13 17 CR=HAMRIN CE, 1975, V54, P70, FUEL

El4 1 CR=HAMRIN CE, 1976, EX76C012233 ERDA CON

E1S 1 CR=HAMRIN CE, 1976, FE22331 KENT U DEP C

El6 I CR=HAMRIN CE, 1976, FE22332 ERDA U KENT

E17 1 CR=HAMRIN CE, 1976, FE22332 KENT U DEP C

EI8 1 CR=HAMRIN CE, 1976, FE22332 REP

E19 1 CR=HAMRIN CE, 1976, FE22332 U KENT INT R

E20 1 CR=HAMRIN CE, 1977, ERDA FE22333 REP

E21 1 CR=HAMRIN CE, 1977, FE22332 INT REP

E22 1 CR=HAMRIN CE, 1977, FE22332 REP

E23 1 CR=HAMRIN CE, 1978, V57, P776, FUEL

E24 1 CR=HAMRIN CE, 1978, 5TH ANN DOE FOSS EN

E25 1 CR=HAMRIN CE, 1979, FE223358 US DOE FIN

E26 13 CR=HAMRIN CE, 1979, V58, P48, FUEL

E27 6 CR=HAMRIN CE, 1989, V69,P1063, SOLID STATE COMMU
745 e26

The entry for the 1979 paper by CE Hamrin was chosen.

SI 13 CR="HAMRIN CE, 1979, V58, P48, FUEL"
7« s au=hamrin ce
Searched for Hamrin as an author. Set 2 (S2) is all papers in the data base
where he is author.

S2 40 AU=HAMRIN CE
74 s sl not s2
S1 not S2 eliminated any papers where Hamrin cited his own work.

1381
4082

S3 11 S1 NOT S2
There were 11 articles which cited Hamrin's 1979 paper that were not self
citations. These could have been printed with bibliographic information and the
bibliographies or papers the eleven papers cited could also have been printed.
To eliminate co-authors’ self-citations each co-author would have to be searched
individually and a "not"" search done.
Doing the same search in the paper copy of Science Citation Index is a much more
time consuming proposition. Unless one is lucky enough to have a library with funds
to purchase the five-year cumulations, one would have to look in each year of SCI in
the Citation Index to see what papers by Hamrin were cited. Again, one must search
by first author. Then one would check the Source Index for each year to see what
papers Hamrin had written. In the paper copy the Hamrin entry for each year would
refer to co-authors who would have to be searched. One would then have to get
copies of the cited articles to check if there were any self citations listed. This work
makes the cost of an online search very reasonable. It should also be kept in mind
that the online version of Science Citation Index is supplemented by records from
Current Contents which are not also source journals in SCI. O
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