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Every year, in hundreds of universities
and colleges throughout the world,
thousands of academic administrators
go through the painful process of evalu-
ating tens of thousands of candidates for
promotion. In most cases, their deci-
sions are based on a faculty committee’s
appraisal of the candidate’s teaching
ability, research performance, and in-
volvement in the scholarly community.
Although this process has been used to
evaluate and promote faculty for some
80 years,! many people now challenge
the validity of this system. Some authors
claim that personality and research
biases play too great a role in faculty
peer reviews.2 Much the same is said
about peer review in connection with re-
search funding.3

Others find the faculty review process
somewhat capricious. Douglas Need-
ham, Western Kentucky University,
Bowling Green, claims that the subjec-
tive nature of faculty evaluation often
results in the use of inconsistent criteria
to evaluate different individuals.4
Presumably, it’s only fair that all candi-
dates in a department be judged by con-
sistent criteria—at least for the same
position.

The economic and social significance
of these evaluations should not be un-
derestimated. Tenure, for example, in-
volves a substantial investment for the
university. By granting tenure, a univer-
sity commits itself to one million dollars
or more over the life of a career.? In ef-
fect, a well-researched tenure evalua-
tion is insurance against an unwise in-

vestment. For an individual under con-
sideration, an unfair evaluation can
make an enormous difference in career
goals.

This essay reviews some of the criteria
used in faculty evaluations. More to the
point, it explains how citation data can
augment these somewhat subjective
evaluations. The goals of citation
analysis should be an increase in objec-
tivity and certainly an increase in the
depth of analysis. Numerous issues and
techniques should be considered in cita-
tion analysis, so this essay is necessarily
longer than the average Current Com-
ments® essay. Consequently, the essay
has been split in two consecutive parts.

Although I've discussed citation anal-
ysis in estimating creativity many
times,>¢ I have generally avoided dis-
cussing its use for the kind of personal,
individual evaluation implicit in promo-
tion decisions. That is not only because
citation analysis is controversial. Those
of us who use citation data regularly
realize that they are easily misinterpret-
ed or inadvertently manipulated for im-
proper purposes. Furthermore, certain
techniques that don't interfere with the
use of citation indexes for literature
searching, or bibliometric/scientomet-
ric analysis, may introduce dispropor-
tionate problems in the use of the data
for evaluating individuals.” These con-
cerns do not prevent us from performing
large-scale studies where emphasis on
particular individuals is minimized. And
we are careful never to damage an indi-
vidual by invidious comparisons. In-
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stead, as reported recently,8 citation
analysis has helped identify many de-
serving but unrecognized scientists.
Like it or not, and with or without any
prompting from ISI®, citation analysis
has become an important indicator for
estimating the impact of scholarly work.
Since some administrators may be using
Science Citation Index® (SCI®), Social
Sciences Citation Index® (SSCI®), or
Arts & Humanities Citation Index ™
(A&HCI ™) with less than full knowl-
edge of what the data mean, I feel
obliged to deal with their use in connec-
tion with promotion, particularly ten-
ure, decisions. The citation investigation
of a scholar, especially a prolific one,
can be a complex procedure. The pro-
cess involves more than a mere glance at
SCI, $5CI, or A&HCI in print or online.
The ultimate evaluation involves an
in-depth interpretation of each candi-
date’s papers and books. The analysis
should take into account the publishing
and citing conventions of the field, the
reasons why the candidate’s papers are
cited, and adjustments for self-citations.
I make these qualifications knowing
that, in many instances, one can obtain
important impressions about individual
candidates by a mere glance at a five- or
ten-year cumulation of SCI or SSCI. But
this first crude impression needs to be
qualified by the other impressions ob-
tained through subjective peer review.
The traditional tenure evaluation gen-
erally begins with an appraisal of the
candidate by the department. The chair-
person, sometimes consulting with other
tenured faculty members, assesses the
candidate’s teaching and research abili-
ties. In addition to supplying the com-
mittee with a curriculum vitae (CV) and
bibliography, candidates may be asked
to conduct self-evaluations which in-
clude evidence of teaching and research
performance and community service.9
In their review of tenure evaluation
systems at a number of universities,
Richard P. Chait, Pennsylvania State
University, University Park, and An-
drew T. Ford, Allegheny College, Mead-
ville, Pennsylvania, note that at Har-

vard’s Graduate School of Business Ad-
ministration, candidates are also permit-
ted to specify those professors who
could not dispassionately evaluate their
work, 10

At some universities, teaching ability
is evaluated by observing candidates in
the classroom and reviewing their in-
structional materials. In most cases,
however, student evaluation forms are
used. These forms permit the students to
rank such teaching attributes as com-
mand of a subject, enthusiasm about the
topic, and availability for student coun-
seling. Many authors are critical of these
forms, claiming they don’t really mea-.
sure changes in student knowledge and
achievement. In their reviews of tenure
and student evaluation, Peter Seldin,®
Pace University, Pleasantville, New
York; Richard 1. Miller,!! Southwest
Texas State University, San Marcos;
Frank Costin and colleagues,!? Universi-
ty of Illinois at Urbana-Champaign; and
Ronald A. Berk,!3 Johns Hopkins
University, Baltimore, Maryland, offer
guidelines on constructing and analyzing
student rating instruments. Whatever
methods are chosen, one cannot stress
too much the importance of teaching
ability and dedication. This, too, is a
complex topic which extends far beyond
student evaluation.

Evaluating a candidate’s research per-
formance is probably the most compli-
cated aspect of the tenure review. Can-
didates are often asked to submit the
names of colleagues elsewhere who can
comment on the quality of their re-
search. Letters are requested from these
experts. If faculty members know others
at work on research related to the candi-
date’s, their comments may also be solic-
ited.

Most  departmental committees,
armed with the candidate’s bibliogra-
phy, will attempt to evaluate the quanti-
ty and quality of the candidate’s re-
search. This “evaluation” sometimes
consists simply of a publication count. In
other cases, different weights are as-
signed to different types of publications.
Numerous evaluative scales have been
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devised for this purpose. They generally
state how many papers are equivalent to
a book. Different weights are assigned to
research papers, review articles, notes,
letters, and unpublished reports.4.14-19
Some assessments call for assigning au-
thors less than full credit for multiau-
thored work.10.16.19 Chait and Ford
recommend that evaluative systems also
distinguish between refereed and non-
refereed journals.!C (p. 197) However,
though most prestigious journals are
refereed, some are not. The weighting
system at the University of San Fran-
cisco, which takes a highly quantitative
approach to faculty evaluation, goes
beyond most such systems. Publications
are scored by their length, the journal’s
reputation, the number of citations
received, the number of times the paper
is reprinted, and whether it is given an
award or discussed extensively in other
papers.!0

In reviewing research performance,
faculty members should also read sever-
al if not all of the candidate’s papers and
books. This used to be an easier task.
The growth of departments and individ-
ual publication output has made this
much more difficult, but it is certainly
necessary.

Before arriving at a decision, the de-
partmental committee generally con-
siders the candidate’s contributions to
the department, including administra-
tive duties, advice to colleagues, and
grants received. Also considered are
awards, honors, and participation in
scholarly societies and on editorial
boards. Invitations to speak at symposia,
conventions, and other universities;
papers presented at meetings; and con-
sulting work may be taken into account.
Some committees may even consider in-
terpretive articles written for the general
public. Martin Meyerson, chairman of
the University of Pennsylvania Founda-
tion and a former Harvard faculty mem-
ber, points out that most committees
also consider whether the candidate’s
work will expand the department’s pro-
gram, give it new direction, or create
bridges to other programs.20

If a candidate passes muster at the de-
partmental level, the information gath-
ered thus far will be reviewed by a uni-
versity- or college-wide committee.
Membership on this committee is often
confidential and limited to scholars
working in fields broadly related to the
candidate’s specialty. At Harvard Uni-
versity, experts in the candidate’s spe-
cialty from outside the university, and
the president of the university, also serve
on this committee. Meyerson says that
these outside experts “are expected to
ask where the subject field should be
headed and not just examine past and
present practices and citations. They are
also expected to ask, in light of such
analysis, whether or not potential candi-
dates are apt to be in the forefront of fu-
ture work."20 This committee often re-
quests additional letters appraising the
candidate. Sometimes a colleague may
be asked to present the candidate’s case.

After discussing this accumulated evi-
dence, the committee will take a vote,
At Harvard's Graduate School of Busi-
ness Administration, they vote twice:
once to evaluate the candidate separate-
ly, and once to compare the candidate
with other candidates. Ordinarily, the
committee informs the college dean or
vice president. This administrator then
makes a recommendation to the presi-
dent, who, in turn, generally presents a
recommendation to the university's
governing board. In most cases, the ad-
ministration affirms the faculty commit-
tee’s decision.!® This traditional pro-
cedure for granting tenure obviously in-
corporates several levels of peer review.
Presumably, after considering the opin-
ions of so many colleagues, within and
without the university, the administra-
tion gains a clear picture of each candi-
date’s qualifications.

Despite the thoroughness of such re-
views, the traditional evaluation process
leaves much to be desired. Many authors
challenge the usefulness of review letters
and the politics of peer review. Others
claim that counting publications (*“pub-
lish or perish”) or even reading the can-
didate’s papers does not necessarily pro-
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vide qualitatively useful information
about his or her research gqualifications.
Robert K. Merton, Columbia Universi-
ty, New York, like so many eminent aca-
demicians, has written and reviewed
many faculty evaluation letters. He
points out that there’s “no methodical
way of assessing and comparing the esti-
mates” provided by different evaluators
unless you “know their personal scales of
judgment and can read between the
lines.”2!

Stephen Cole, State University of New
York, Stony Brook, notes that universi-
ty-wide committees may have trouble
determining whether the departmental
committee was being honest in assessing
candidates. He writes: “There are many
particularistic non-scientific factors
which go into the determination of ten-
ure decisions. There are friendships, de-
partmental politics, pressure to fill sex or
race quotas, etc. Even if decisions are
made by departments using these non-
scientific criteria, they generally try to
mask the decisions in scientific terms.
Thus, the work of a candidate will be ex-
aggerated in its importange, or outside
referees will be selected whom the Chair
feels will give favorable comments.”22
More than one referee for this essay felt
that review committees often take nega-
tive comments more seriously than posi-
tive ones. While it is usually easy to be
positive, it is also possible for one faculty
member to blackball another.

Since there are thousands of journals,
almost any determined faculty member
can get published and thereby assemble
a fairly lengthy bibliography, particular-
ly if he or she publishes in nonrefereed
or low-impact journals. Junior faculty
know that the length of bibliographies
will often be considered in their tenure
evaluations. According to James
O'Toole, University of Southern Califor-
nia, Los Angeles, many will publish arti-
cles that are “meretricious and banal.””
Even when members of the faculty
review committee read the relevant
publications, a clear impression of the
candidate’s qualifications may not
emerge. Committee members not work-
ing in the candidate’s field are unlikely to

understand the significance of the
research. Even those who do work in the
same specialty area may resist theories
that challenge their own.23 Or they may
simply be unable to assess the impor-
tance of a candidate’s work. As Cole
points out, “In all sciences knowledge at
the research frontier is characterized by
substantial levels of disagreement and
difficulty in determining which contri-
butions will turn out to be significant.”24
So the faculty evaluation procedure is
fraught with subjective pitfalls.

When used properly, citation analyses
can help members of the faculty evalua-
tion committee develop better informed
opinions about candidates. Objective in-
formation about the usefulness of a sci-
entist’s work to the scientific community
is to be welcomed. Careful analysis of
the candidate’s publications can confirm
or contradict the conclusions of a faculty
review committee. As we shall see, SCJ,
SSCI, or A&HCI can also facilitate the
peer review process by helping adminis-
trators identify the group of scholars in-
volved in research related to the candi-
date’s work. These scholars will be most
qualified to comment on a candidate’s
research. This point is often overlooked.
And frequently this kind of intelligence
gathering needs to be done outside the
department. It isn’t always possible for
departmental colleagues to name the
people best qualified to judge the re-
search.

There may be good reason to do a
check on one or two of the outside eval-
uators to find out how qualified they are
to judge the candidate's work. In this
case, a bibliography may not be avail-
able. SCI, $§CI, and A&HCI, and our
online files such as SCISEARCH®, So-
cial SCISEARCH®, ISI/BIOMED®,
and the other data bases available
through the ISI Search Network can
help administrators assemble such a ten-
tative publications list quickly.25 This
can provide information about the eval-
uator’'s own publication record. More
importantly, by consulting citation data
for the papers on this list, administrators
will be able to tell if and how much this
scholar’s work has been used by other
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scholars. Not only will citation data help
pinpoint the evaluator’s and candidate’s
relevant work, it will help determine if
they are recognized for similar types of
research. Citation data can also help ad-
ministrators determine if they are known
primarily for current or past work, if
they are recognized for original con-
cepts or methods, for review articles, or
for all of these.

Citation data can be useful and rele-
vant only if one takes the time to inter-
pret the results properly. Citations do
not necessarily reflect the usefulness of
research for curing disease, finding new
drugs, and so on. And they tell us noth-
ing about a candidate’s teaching ability,
administrative talent, and other depart-
mental contributions. Rather, citations
reflect the usefulness of research to
other scientists doing related work. As
such, they are what Manfred Kochen,
University of Michigan, Ann Arbor,
calls “lagging indicators.”26 They tell us
the influence a scientist has had, but not
necessarily the impact he or she will
have in the future. Furthermore, as ex-
plained in more detail in Part 2 of this
essay, if one wants to go beyond mere
impressions, one must find out not only
how often, but why someone is cited.
Administrators should take the time to
determine normal citation rates for the
field involved. The number of citations
received by different types of papers,
and the amount of time it takes before
they reach their peak citation rates, vary
from field to field. So you should com-
pare the tenure candidate with others
who are working in the same specialty.
In any event, the information gathered
through citation analysis should be
treated as only one more, though dis-
tinctive, indicator of the candidate’s in-
fluence. This indicator can be compared
with others used in the traditional evalu-
ative procedure. Citation data serve best
when they complement other kinds of
evidence.

The citation investigation must begin
with the candidate’s complete bibliogra-
phy. This is, of course, generally avail-
able from candidates for tenure. Howev-
er, obtaining the bibliography for an

outside evaluator, or for someone you're
considering for an open position, can be
more difficult than many people imag-
ine. This places the burden to assemble
such bibliographies on administrators or
librarians.

Most authors do maintain bibliogra-
phies, but will often include incomplete
or incorrect information. For example,
in a CV, authors frequently say “pub-
lished jointly with.” This does not identi-
fy the first author on a multiauthored
paper. In such cases, administrators can
check the SCTI's Source Index to find out
the original order in which the names ap-
peared. This must be done before look-
ing in the Citation Index, because papers
are listed there under the first author.

In most cases, though, candidates for
promotion will have taken the time to as-
semble complete, accurate bibliogra-
phies. This is always preferable, particu-
larly if their names are potential homo-
graphs. When a candidate’s name is a
homograph, the relevant papers must be
separated from those of other authors
having the same surname and initials.

An important rule of thumb in the ci-
tation investigation is that one can't eval-
uate an individual scholar alone and out
of context. You must evaluate a group.
Even thoroughbred animals are evaluat-
ed in appropriate categories. Don’t com-
pare physicists with sociologists, or plant
scientists with chemists. Try to find out
how the candidate compares with others
working in the same discipline or, pref-
erably, the same specialty.

Several methods can be used to find
the members of your candidate’s “invisi-
ble college.”27-2% The citation “cycling”
system is often used.® (p. 58) With this
system, one begins by finding out which
scholars are cited in the candidate’s most
recent papers. You then look in SC/ to
find those scholars who not only cite
your candidate, but also those he has
cited regularly. This can be done in one
or more iterations.

To help appreciate the significance of
a candidate's papers, you may wish to
draw citation influence “maps” indicat-
ing relationships between papers and au-
thors in the field. Such a map is illustrat-
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ed in Figure 1. It was compiled for an
essay in which we used citation analysis
to examine the work of Lester R. Aron-
son, a scientist involved in an antivivi-
section controversy.2?

A single citation link between two au-
thors is usually a weak indicator that
they are working in the same field. The
uncertainty can be eliminated by includ-
ing in your list or inventory only those
authors who have referred to the candi-
date’s work in at least two publications.
Furthermore, as in Figure 1, we only in-
cluded those authors who were cited by
the candidate at least three times. In this
manner, 21 people were identified as
members of this author’s invisible col-
lege. The citation connections between
the 22 authors are also shown in Figure

1. There is a growing literature on tech-
niques for mapping fields. Peter Lenk,
University of Michigan, offers a method
for using peer nominations to create
these maps.28

Depending upon the depth of the
analysis required, these procedures may
or may not be time-consuming.' But I
never said a citation investigation would
be easy. Fortunately, a more direct
source for identifying the most active in-
visible colleges is available. The tech-
nique of co-citation analysis has been
used to classify literature in data bases
like ISI/BIOMED, ISI/CompuMath®,
and ISI/GeoSciTech™ . Using the entire
multidisciplinary SCI data base for one
year, we have also identified over 2,000
subspecialties, or research fronts, for

Figure 1: Historiograph based on research on sensory and hormonal influences on cat sexual behavior. Each
node represents a paper or group of papers by the same authors; larger nodes represent more than one
paper. Lines between nodes represent citations; a single line may represent multiple citations. The most
recent contributions appear toward the bottom.




Index to Scientific Reviews (ISR™ ).
These specialties are identified when a
group of current papers cite one or more
core papers for that topic.30 The authors
of core documents are generally active
scholars in the area involved. If your
candidate’s papers are among the core,
you can more easily study in detail the
microstructure of that field. The number
of current papers published will give you
an idea of the number of people working
in this research area. If the time lag be-
tween the core and current papers is less
than three or four years, then you know
that you are dealing with a rapidly
changing field.

Howard D. White and Belver C. Grif-
fith, Drexel University, Philadelphia, ex-
plain how you can use ISI's online data
bases to create your own co-citation
clusters.29 Their method involves identi-
fying recognized scholars in a field, and
finding out who has co-cited them.

Cole suggests still another technique
for selecting an appropriate group with
whom to compare the candidate. He
proposes that candidates be compared
with faculty members who have been
promoted or granted tenure at equal
caliber departments in the last several
years. Sharp discrepancies between the
number of citations received by the can-
didate and these other faculty members
should be questioned.2?

The invisible college members identi-
fied through citation networking or
mapping can be asked for their judg-
ments of the quality of the candidate’s
work. Since they are working in the
same or a similar specialty, they will be
best situated to assess the significance of
the work.

The invisible college will also provide
evaluators with a pool of colleagues with
whom a candidate can be compared. A
number of factors should be considered
in this comparison. The first, and per-
haps most important, point is that small
differences in the number of citations
are generally not statistically significant.
It's absurd to conclude that a candidate
with 15 citations is more influential than

a candidate with ten. This problem may
be particularly acute in tenure evalua-
tions, since candidates may not have
been publishing long enough to have ac-
quired a substantial number of citations.
For this reason, Cole believes that cita-
tion data are more useful in making deci-
sions about promotions from associate
to full professor. He has found that “at
this stage in a scientist’s career there
should be some significant trace of the
utility of their work in citation pat-
terns.”22 In other words, except in rare
cases of precocious talent, it may be in-
appropriate to use citation analysis when
evaluating candidates for lower ranking
positions.

Assistant professors are usually hired
for two three-year terms. American As-
sociation of University Professors regu-
lations require a promotion decision
within seven years. Most universities
make the decision in the candidate’s
sixth year. The dossier that goes out to
external reviewers is compiled in the
summer between the assistant profes-
sor’s fifth and sixth years. Many dos-
siers contain 25 percent or more pre-
prints or unpublished papers. Many who
reviewed this essay indicated that the
best original papers of candidates are
published within a year or two of the
evaluation, so they reach the expert in
preprint form. There is generally not
enough time for those papers to have
been cited. So at a time when citation
data would be most useful, it is not yet
available. The tough decision must often
be made on the basis of reading the work
and judging its merit without benefit of
formal indications that the scholarly
community recognizes the value of the
work.

Roald Hoffmann, Cornell University,
Ithaca, New York, was one of many peo-
ple who reviewed this essay. He suggest-
ed an important experiment. Select a
field and a year when a dozen assistant
professors began their careers. For ex-
ample, select chemists starting in 1970.
Select six who were promoted to tenure
in 1976 and six who were not. Perform a
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citation analysis based on 1970-1975
data. Then repeat the analysis for
1978-1983. Is there a correlation be-
tween citations prior to tenure deci-
sions, the tenure decision, and the
longer term analysis?

While limited to a smaller group of
candidates one could also use our annual
compilations of most-cited papers to
identify a young academic’s work. So in
each year we would be identifying candi-
dates for tenure provided we were able
to eliminate collaborations that depend-
ed heavily on senior investigators. And it
is important to realize that age alone
cannot be used reliably because people
become associate professors over a ten-
year span, especially in the humanities.

Another point to remember is that
more established scientists may have ac-
cumulated more citations than less expe-
rienced scientists. This is partly because
an older scholar’s papers may have been
in circulation longer. For this reason, it
is preferable that scientists be compared
with relevant invisible college members
with roughly the same number of years
of experience.3! This is preferable to
comparing scholars of the same age,
since the age at which scientists begin
their careers varies widely.

Evaluators should also note that scien-
tists who’ve published with a team may
be more prolific. Presumably, they may
accumulate more citations.32 One

should also carefully observe those who
regularly publish the “least publishable
unit.” Such “fragmentation” occurs
where authors publish numerous short
papers, rather than one consolidated
work.33 On the other hand, duplication,
or publishing several papers on the
same, or overlapping, data, is possible.

Finally, although some self-citation is
reasonable and expected in science,
some evaluators are especially sensitive
to excessive self-citation. Edward An-
ders, Enrico Fermi Institute, University
of Chicago, checks the candidate’s bibli-
ography against a list of papers that cite
the candidate.34 In this manner, he can
find self-citations from papers on which
the candidate was a secondary author.
This is necessary because, as mentioned
earlier, papers are listed by first author
in SCI. In some cases, it may be more
relevant to examine the number of citing
authors, or papers, rather than citations
per se. This is particularly important in
the social sciences and humanities,
where a single author may be cited re-
peatedly in one paper. In our analysis of
the most-cited authors in the arts and
humanities, this became particularly
relevant.35

(To be continued.)

My thanks to Joan Lipinsky Cochran
and Amy Stone for their help in the

preparation of this essay. %1983 181
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