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The problematic
ratings game in
modern science

THIS IS AN AGE OF QUANTITATION AND
standardization. Driven by the inexorable
logic of a technological culture, trains and
aeroplanes must run on time, financial
movements tracked and minutely ana-
lysed, claimed remedies need prove them-
selves in the fire of double-blind, prospec-
tive, randomized clinical trials (and then
again in meta-analyses), and personal,
scholarly accomplishment must be mea-
sured out, if not in coffee spoons, then in
impact factors and citation rates.

In fact, the last item has become the basis
for a major industry. Journals must prove
their worth to readers, authors and adver-
tisers. And, since governments and other
funders of the knowledge sector require the
assurance that they're getting the biggest
bang for their buck, institutions and indi-
viduals are evaluated and graded against
hard quantitative data derived from cita-
tion counts and ‘impact factors’, which,
supposedly, provide the certitude they re-
quire. To determine whether such confi-
dence is justified, we need briefly review
the background to these developments and
the potential limitations in the information
they claim to provide.

In the knowledge industry, the response
of peers is often the ultimate coin of the
realm. Citations to the work of colleagues is
increasingly used as a formal, and poten-
tially more reliable, proxy for directly ex-
pressed opinion. The use of citations to

understand the structure of science goes
back at least 75 years,' but the main break-
through came with the publication of a
paper’® on citation analysis in Science by
Eugene Garfield in 1955. Driven by the
explosion in computing power, this seed
germinated over the succeeding decades™
into a commercial enterprise, the Institute
for Scientific Information (ISI®), which pub-
lishes Current Contents and the Journal of
Citation Reports (JCR®)’ relating to the scien-
tificand scholarly literature. ISI was bought
out by the Thomson Corporation in 1992 to
form an important component of Thomson
Scientific, which provides a range of prod-
ucts, on a commercial basis, dealing with
information of scientific and commercial
significance.®

Those engaged directly or indirectly in
the practice of science are best acquainted
with the products of Essential Science Indi-
cators, a web-based tool which mines a vast
database of journals and other products of
scientific and scholarly activity for informa-
tion, which can be used to evaluate the
productivity and impact of institutions,
journals, departments, groups and individ-
uals. Such data, reduced to numbers, are
widely used for purposes of evaluation and
support,”® and thus carry enormous impli-
cations for individuals and collectives. Is
this a new form of arbitrary tyranny or do
these numbers provide meaningful infor-
mation to guide vital decisions? To answer
such a question, we need briefly examine
some of the indices currently used (Table 1)
and the criticisms which have been levelled
at their quality and implications.

The most widely used is the ‘impact
factor’ (IF) of the ISI system, defined as

the ratio between original, peer-reviewed
papers published in a journal in the prior
two years (the denominator) and the num-
ber of citations to these papers in the broad
scientific or scholarly, indexed literature
(including forms of publication other than
original articles, such as reviews, commen-
taries, editorials, etc.) in the succeeding year
(the numerator). This basic idea can be
manipulated in various ways to apply to
individuals, institutions, groups and even
countries. Also, since both author and jour-
nal self-citation can be used to inflate
impact factors, the IF can be calculated with
either or both of these self-citations ex-
cluded. Citation records can be mined for
other information. For example, the ‘imme-
diacy index’ relates citations in the current
year to articles in the same year; this indi-
cates how topical ("hot’) the journal’s con-
tents are perceived to be, or may say some-
thing about the discipline within which the
journal publishes (see below). Half-lives of
cited journals (that is, the time in years that
includes 50% of all citations in the literature
to the journal in question, starting with
current date) or the 5-year IF, alladd further
dimensions, as does the trend graph of IFs
(Table 1).

This message has been taken to new levels
of refinement by Hirsch, a physicist, who
devised the h-factor to capture both produc-
tivity and quality in a single number.” He
defines h as the number of articles pub-
lished by a given scientist which elicits at
least h citations. This immediately indicates
that as the number of articles with a high
citation count from a given scientist in-
creases, so does the threshold for inclusion.
Thus, for an h-factor of 40 papers, each must
collect at least 40 citations; for an h-factor of
60 papers, 60 citations each are required.
Needless to say, this requires time and wide
recognition, but enables scientists of the
same ‘scientific age’ to be compared with
one another through the use of a for-
mula like & = mn, where m is the number of
h-papers published by a scientist per year
and 7 is the number of years a scientist has
been working. The larger the value of m, the
higher the visibility of the scientist.

Hirsch suggests some thresholds: an m of

Table 1. A selection of the indices provided by the
JCR®*

Impact factor (and 5-year impact factor)
Immediacy Index

Cited Half-life

Citing Half-life

Cited Journal List

Citing Journal List

Related Journals

Impact Factor Trend Graph

*From Thomson ‘Journal Citation Reports® on the Web v.4.0’.
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1 denotes a successful scientist; an m of 2 an
outstanding scientist, whereas 3 character-
izes “truly unique individuals’. A study of
Nobel prizewinners in physics over the
past 20 years, however, showed m to vary
between 0.47 and 2.19 and 1 to fall between
22 and 79. Partly, the low m is an artefact
created by the long time lapse between
the period of maximum productivity and
receipt of the prize, but it does raise some
interesting questions regarding the evalua-
tion of scientific merit.

In assessing the significance of all such de-
rived indices, it is fundamentally important
to know that each scientific field (discipline)
has its own characteristic citation behav-
iour—that is, the number of citations
authors tend to use, the importance attrib-
uted to novelty and the size of the universe
of citation options, which is, roughly, pro-
portional to the number of journals active in
a field and indexed in the ISI system. The
distributions are also highly skewed. For
example, a high IF may be earned by a
minority of articles published in a particular
journal, the rest being unexceptional. Topic
reviews are typically large earners of cita-
tions, so journals including such reviews in
their standard fare rate higher than others
that do not. There is evidence that publica-
tionina high-impactjournalitself enhances
the citation score of individual articles
(and thus authors): Stanbrook, quoted by
Monastersky,® showed that the same item
published simultaneously in 12 different
journals generated a 100-fold difference in
citation rates between the highest- and
lowest-ranked journals.

Such limitations, and other real or poten-
tial defects in the method and the principles
behind the calculations in the current prac-
tice of citation analysis, have been docu-
mented in a series of papers. "' These are
summarizad in Table 2, drawn mainly from
ref. 10. The errors introduced are far from
trivial. Retracted reports continue to draw
hundreds of citations, and language, re-
gional and institutional biases are very real.
Dishonest and unethical behaviour by
editors and authors alike have been re-
corded, and, even when falling short of
such transgressions, inappropriate reliance
on the IF can introduce distortions into the
practice of science and cause individual

Table 2. Real and potential biases in the impact
factor.”

* Coverage and language preference of the
database

The procedures used to collect citations
The algorithm used to calculate the IF
Citation distribution of journals

Online availability of publications
Citations to invalid articles

Negative citations

Editorial selectivity according to type of article,
language, region and institution

Publication lag
Citing behaviour across disciplines
Unethical biases introduced by editors

*Modified from ref. 10 mainly.

injustice. Additional complexity is intro-
duced when one considers non-traditional
contributions to science, like software pro-
grams, or informal contributions falling
short of authorship."

It is sobering to consider that more than
half of the 5968 science journals included in
the ISI of 2004 had IFs below one.® This
includes 17 of the 18 of the South African
journals covered by the JCR®. The South Af-
rican Journal of Science, with an IF of 0.93 and
the highest category ranking (2nd quintile)
of all South African journals, fared well in
this assessment.”> Not surprisingly, Nature
and Science have IFs around 30-32 and lead
the field of non-review journals in all 11
disciplines examined by ScienceWatch'" for
the period January 1999 to August 2004.
Given that the citation records of South
African scholars (the individual scores of
articles published, and the IFs of the jour-
nals in which they appeared) are used
for such career-vital decisions as tenure,
grants and recognition, the message is a
no-brainer for the ambitious scientist or
scholar plying his or her trade in the global
marketplace of science: aim for the top jour-
nals, by hook or by crook, as measured by
theirimpact factors, even if these are mostly
grossly misused in terms of the caveats
mentioned above.

Within the field of scientometrics, a
number of alternative measures have been
devised but are not widely known or used."
Thomson's ISI has been slow to introduce
procedures which limit known biases. It
seems highly desirable that,in a developing
country like South Africa, one of the recom-

mendations in the recent report on ‘A
Strategic Approach to Research Publishing
in South Africa”" should be implemented:
namely, that an independent, even if
virtual, national centre with the necessary
expertise and research orientation be estab-
lished, available to all those entrusted with
the responsibility of decision with regard to
funding or the recognition of research pro-
ductivity and quality. While perfect assess-
ments can never be reached, the use of
optimized, objective methods is the main
counterweight to intrusion of old-boy net-
works, political influence and the subjec-
tive opinions of friends, enemies and
competitors. Such methods may have
yielded a rough justice when the scientific
and scholarly universe was limited, but in
today’s crowded academic space we de-
pend more heavily on the neutrality of
objective indices. They had better be the
best available.
The helpful comments of Wieland Gevers are grate-
fully acknowledged.

Michael Berger
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